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In  recent  years,  neurointerventional  radiology  has  evolved  into  a  rarified  and 

complex  field,  with  a  set  of  techniques  and  a  knowledge  base  that  are  distinct  from other  fields  within  medicine.  At  the  same  time,  clinicians  from  an  assortment  of disciplines  have  come  to  practice  neurointerventional  radiology,  with  backgrounds ranging from radiology to neurosurgery, neurology, cardiology, and vascular surgery. Presently,  there  are  more  people  training  to  become  neurointerventionalists  than there ever have been before in history. These developments have resulted in a need for a practical, unified handbook of techniques and essential literature. The purpose of this book is to serve as a practical guide to endovascular methods and as a reference work  for  neurovascular  anatomy  and  published  data  about  cerebrovascular  disease from a neurointerventionalist’s perspective.

We  have  attempted  to  enhance  the  accessibility  and  ease  use  of  this  handbook 

by arranging it in a semioutline format. Dense narrative passages have been avoided wherever possible (who has time to read long, thick chapters, anyway?). In that spirit, the rest of this Introduction will be presented in the style of this book.

1.  This book is divided into three parts.

(a)  Fundamentals:

●   Essential  neurovascular  anatomy  and  basic  angiographic  tech-

niques provide the foundation of the first section.

–  The  focus  of  Chap.  1  (Essential  Neurovascular  Anatomy)  is  on 

vascular  anatomy  that  is  pertinent  to  day-to-day  clinical  prac-

tice.  Embryology  and  discussions  of  angiographic  shift,  which 

are  less  pertinent  these  days  because  of  widely  available  non-

invasive intracranial imaging, are left out. Discussions of ana-

tomic variants include both normal variants and anomalies.

–  Chapters 2 and 3 cover diagnostic angiographic techniques.

–  Chapter  4  (Neuroendovascular  Suite)  is  primarily  intended 

for  newcomers  to  the  angio  suite  and  for  experienced  inter-

ventionalists planning a new suite.

(b)  Techniques:

●   Endovascular methods, device information, and tips and tricks are 

detailed.

(c)  Specific disease states:

●   Essential,  useful  information  about  each  commonly  encountered 

condition is presented.

1.  Significant  clinical  studies  are  summarized  and  placed  into 

context.

2.  Interesting  and  novel  facts  (and factlets)  are  included  here 

and there.

●   The  term systematic  review  is  used  to  refer  to  useful  publications 

that  have  analyzed  published  clinical  data  in  an  organized  way. 

The  term meta-analysis  is  avoided  because  it  refers  to  a  specific statistical  technique  that  is  not  always  present  in  review  articles 

purporting to be a meta-analysis.

●   For  readers  with  extra  time  on  their  hands, A  Brief  History 

of…  sections  describe  the  background  and  evolution  of  various techniques. 

●   Chapter  17  (Acute  Ischemic  Stroke)  contains  a  comprehensive 

discussion of the medical management of patients with stroke.  The 

topics are arranged alphabetically to permit ease of use.

2.  Core  philosophy:  Within  the  practical  infor  mation  contained  within  this 

book,  we  hope  to  impart  our  underlying  patient-oriented  clinical  philosophy. 

In our view, each patient’s welfare is paramount. The clinical outcome of each 

case  takes  priority  over pushing  the  envelope  by  trying  out  new  devices  or 

techniques,  generating  material  for  the  next  clinical  series  or  case  report,  or 

satisfying  the  device  company  representatives  standing  in  the  control  room. 

In  practical  terms,  clinical  decision  making  should  be  based  on  sound  judg-

ment  and  the  best  available  clinical  data.  Moreover,  new  medical  technology 

and  drugs  should  be  used within  reason,  and  whenever  possible,  based  on 
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established  principles  of  sound  practice.  Thus,  while  we  have  the  technology 

and the ability to coil aneurysms in very old patients with Hunt Hess V sub-

arachnoid hemorrhage, embolize asymptomatic and low-risk dural AV fistulas, 

and  perform  carotid  angioplasty  and  stenting  in  patients  with  asymptomatic 

stenosis, we should recognize the value of conservative management when it is 

called for. We hope that this cautious and common sensible outlook is reflected 

throughout this book.

3.  Cookbook presentation: We have made every attempt to present procedures in 

a plainly written, how-to-do-it format. Although some readers may take issue 

with the reduction of a field as complex as neurointervention to a relatively sim-

plistic how-to manual, we feel that structure and standardization of technique 

can  only  serve  to  benefit  the  field  in  the  long  run.  For  comparison,  consider 

commercial air travel in the present era. Air travel fatalities are extremely rare, 

because of pilot training, standardization of flying techniques, and meticulous 

aircraft  maintenance.  Even  the  most  skilled  and  careful  neurointerventional-

ists  cannot  hold  a  candle  to  the  stellar  safety  record  obtained  by  the  airline 

industry.

4.  Conventions used in this book:

(a)  Terminology can be confusing. The authors have adopted the most cur-

rent and commonly used terms; synonymous terms are listed in paren-

theses after “aka,” for also known as.

(b)  We have limited the use of abbreviations to those commonly used in eve-

ryday conversation, such as “ICA” and “MCA.” Excessive use of abbrevia-

tions, particularly for uncommon terms, can clutter the text and make it 

difficult to read.

(c)  The terms, see below and see above, are used to indicate other material 

within the same chapter.

5.  Overlap  and  redundancy:  Discussion  of  some  topics  may  appear  to  be  repete-

tive and redundant; for instance, guide catheters are discussed in both Chap. 5 

(Intracranial Aneurysm Treatment), and in Chap. 7 (Intracranial Embolization). This  is  intentional,  as  we  hoped  to  avoid  frequent  cross-referencing  between 

sections of the book, which can be annoying for a busy reader looking for quick 

advice.  In  addition,  some  overlap  can  actually  be  beneficial,  as  some  topics 

can be discussed from different perspectives. For example, the evaluation of a 

stroke patient in the emergency room is discussed in Chap. 9 (Thrombolysis for Acute  Ischemic  Stroke),  from  the  perspective  of  an  interventionalist  seeing  a patient with a firm diagnosis of acute ischemic stroke, whereas a discussion of 

the same topic appears in Chap. 17 (Acute Ischemic Stroke) from the perspective of the Code Stroke team answering a call from the ER.

6.  Medicolegal  disclaimer:  This  book  is  meant  to  serve  as  a  guide  to  the  use  of 

a  wide  variety  of  medical  devices  and  drugs.  However,  the  authors  and  the 

publisher cannot be held responsible for the use of these devices and drugs by 

readers, or for failure by the readers of this book to follow specific manufacturer 

specifications and FDA guidelines.

Mark R. Harrigan, Birmingham, Alabama

John P. Deveikis, Rochester, New York
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1.1.        Aortic arch and great vessels

 

Aortic arch anatomy is pertinent to neuroangiography because variations of arch 

anatomy can affect access to the cervicocranial circulation:

1.  Branches

(a)  Innominate artery (aka brachiocephalic artery)

(b)  Left common carotid artery

(c)  Left subclavian artery

2.  Variants (Fig. 1.1):

(a)  Bovine  arch  (Figs.  1.1B and  1.2).  The  innominate  artery  and  left  com-

mon  carotid  artery  share  a  common  origin  (up  to  27%  of  cases),  or  the 

[image: ]

 

Fig. 1.1 Common aortic arch configurations. Clockwise from upper left: Normal arch; Bovine 

arch, Aberrant right sublclavian artery, origin of the left vertebral artery from the arch.

left  common  carotid  artery  arises  from  the  innominate  artery  (7%  of 

cases).1

(b)  Aberrant  right  subclavian  artery.  The  right  subclavian  artery  arises 

from the left aortic arch, distal to the origin of the left subclavian artery. 

It  usually  passes  posterior  to  the  esophagus  on  the  way  to  the  right 

upper  extremity.  Most  common  congenital  arch  anomaly;  incidence: 

0.9%.2 Associated with Down syndrome.

(c)  Origin of the left vertebral artery from the arch, is seen in 0.5% of cases. 1

 

ESSENTIAL NEUROVASCULAR ANATOMY                                            1.1. Aortic arch and great vessels                   1

(d)  Less  common  variants  (Fig.  1.3). 

Some of these rare anomalies can 

lead to the formation of a vascular 

ring,  in  which  the  trachea  and 

esophagus  are  encircled  by  con-

nected segments of the aortic arch 

and its branches.

3.  Effects  of  aging  and  atherosclerosis 

on  the  aortic  arch  and  great  vessels. 

The  aortic  arch  and  great  vessels  become 

elongated and tortuous with age (Fig. 1.4); this  can  have  practical  implications  for 

neurointervention  in  the  elderly,  as  a 

tortuous vessel can be difficult to negoti-

ate  with  wires  and  catheters.  Although 

atherosclerosis has been implicated in the 

etiology of this phenomenon, more recent 

data  suggest  that  the  cervical  internal 

carotid  artery  may  undergo metaplastic transformation, in which elastic and mus-cular tissue in the artery wall is replaced 

by loose connective tissue.3

 

Fig. 1.2  What exactly is a “Bovine 

Arch?” Drawing of an arch from a cow.

[image: ]

 

Fig. 1.3 Selected aortic arch anomalies. (A) Double aortic arch. The arches encircle the 

[image: ]

trachea and esophagus to form the descending aorta, which is usually on the left. The 

right arch                                                1 is larger than the left in up to 75% of cases. (B) Double aortic arch with left 

arch atresia. (C) Right aortic arch with a mirror configuration. The descending aorta is on the right side of the heart. This anomaly does not form a vascular ring, but is associated 

with other anomalies such as tetralogy of Fallot.1 (D) Right aortic arch with a nonmirror 

configuration and an aberrant left subclavian artery. The descending aorta is on the right 

side of the heart, and the left subclavian artery arises from the proximal aorta. 

A common cause of a symptomatic vascular ring.4 (E) Bi-innominate artery.
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Fig. 1.4 Aortic arch elongation classification scheme.
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The most common subclavian artery configura-

tion is shown in Fig. 1.5. Major branches are:

●      Vertebral artery (1)

●      Thyrocervical trunk

–  Inferior thyroid artery (2)

–  Ascending  cervical  artery  (most 

commonly  a  branch  of  transverse 

cervical) (3)

–  Transverse cervical artery (4)

–  Suprascapular artery (5)

●   Costocervical trunk

–  Deep cervical artery (6)

–  Superior  or  supreme  intercostal 

artery (7)

●      Dorsal scapular artery (8)                         Fig. 1.5 Subclavian artery.

●      Internal thoracic (mammary) artery (9)

 

1.2.        Common carotid arteries

 

The  CCAs  travel  within  the  carotid  sheath,  which  also  contains  the  internal 

jugular vein and the vagus nerve. The right CCA is usually shorter than the left. The CCAs typically bifurcate at the C3 or C4 level (upper border of the thyroid cartilage), although the bifurcation may be located anywhere between T2 and C2. 5 The CCAs do not  usually  have  branches,  although  anomalous  branches  can  include  the  superior thyroid, ascending pharyngeal, or occipital arteries.1

 

1.3.        External carotid artery

 

The  external  carotid  artery  originates  at  the  common  carotid  bifurcation. 

From its origin, the external carotid usually curves forward medial to the internal carotid, then immediately begins a cephalad ascent, curving laterally and slightly posteriorly until it ends behind the mandible in its terminal bifurcation  `into the internal  maxillary  and  superficial  temporal  arteries.6  Thus  on  a  frontal  radio-graphic view, the external carotid begins medially and swings cephalad and later-ally,  and  on  a  lateral  view  it  begins  anteriorly  and  then  ascends,  angling  slightly posteriorly.

External Carotid Branches (Fig. 1.6)

ESSENTIAL NEUROVASCULAR ANATOMY                                                 1.3. External carotid artery                   3

[image: ]

Fig. 1.6 External carotid artery. 
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(1) Superior thyroid artery; (2) Ascending 

pharyngeal artery; (3) Lingual artery; 

(4) Facial artery; (5) Posterior auricular 

artery; (6) Internal maxillary artery; 

(7) Occipital artery; (8) Superficial temporal 

artery.

Fig. 1.7 Ascending pharyngeal 

artery. A common branching 

pattern of the ascending 

Mnemonic for the External Carotid  pharyngeal artery is shown. 

Branches Note internal carotid (ICA), 

After reading this book… external carotid (ECA), supe-

Some Angry Linguists Find Our Paragraphs  rior thyroid (STh), ascending 

Somewhat Irritating. pharyngeal (Asc Ph), inferior 

Superior thyroid pharyngeal (IP), middle pharyn-

Ascending pharyngeal geal (MP), superior pharyngeal 

L ingual (SP), inferior tympanic (IT), 

F acial musculospinal branches (MS), 

Occipital neuromeningeal trunk (NMT), 

Posterior auricular jugular branch (JB) entering 

Superficial temporal the jugular foramen, hypoglos-

I nternal maxillary sal branch (HG) entering the 

One  can  also  construct  more  amusing  and  hypoglossal foramen, and 

off-color  mnemonics  to  assist  the  novice  in  prevertebral (not shown).

remembering  these  branches.  If  the  readers’ 

imaginations  fail  them,  the  authors  would  be 

more  than  happy  to  supply  additional  memory 

aids for this purpose.

There are eight major branches of the external carotid. A common order of listing 

the  branches  is  related  to  the  frequent  origin  of  the  vessels  from  proximal  to  distal (Figs. 1.7, 1.8, and 1.9):

(a)  Superior thyroid

(b)  Ascending pharyngeal

(c)  Lingual

(d)  Facial

(e)  Occipital

(f)  Posterior auricular

(g)  Superficial temporal

(h)  Internal maxillary

These  various  branches  can  sometimes  arise  variably  from  the  external  carotid trunk.  Therefore,  a  more  useful  way  to  consider  the  external  carotid  branches regards  grouping  them  into  the  ventral  group  which  arises  anteriorly  from  the 
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of  branches,  which  arises  posteriorly 

from  that  vessel.  These  tend  to  be 

more  constant  than  the  proximal  to 

distal order.

●      Ventral     external     carotid 

branches:

–  Superior thyroid

–  Lingual

–  Facial

–  Internal maxillary

●      Dorsal     external     carotid 

branches

–  Ascending pharyngeal

–  Occipital

–  Posterior auricular

–  Superficial temporal

4.  Territories

The  external  carotid  supplies 

much of the soft tissue and bony 

structures of the head and face, 

the deep structures of the upper 

aero-digestive  tract,  and  much 

of  the  dura  of  the  intracranial 

compartment.  Numerous  anas-

tamoses  are  present  between  artery; (2) Tonsilar artery; (3) Submental  Fig. 1.8 Facial artery. (1) Ascending palatine 

external  carotid  branches  and 

the  branches  of  the  internal  trunk; (6) Middle mental artery; (7) Inferior  artery; (4) Inferior masseteric artery; (5) Jugal 

carotid  and  vertebral  arteries. 

These  anastamoses  provide  shown); (9) Superior labial artery; (10) Lateral  labial artery; (8) Anterior jugal artery (not 

collateral  flow  to  the  vascular 

nasal artery; (11) Angular artery.

[image: ]

 

Fig. 1.9 Occipital artery. (A) Sternocleidomastoid branches; (B) Stylomastoid artery; (C) 

Mastoid branch; (D) Descending branch; (E) Lateral meningeal branch; (F) Occipital 

branches.
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territories distal to a proximal occlusion. Anastamoses to carotid or vertebral 

arteries can also be considered “dangerous anastamoses,” when attempting to 

embolize vascular lesions in the head and neck via external carotid branches. 

See below for discussion of individual external carotid branch anastamoses and 

Tables 1.1, 1.2, 1.3, and 1.4.

5.  Variants:

(a)  The  most  common  branching  pattern  at  the  common  carotid  bifurca-

tion  (in  48.5%)  is  the  external  carotid  arises  anteromedially  while  the 

internal carotid arises posterolaterally,7 but occasionally one can see the external carotid arising posterolaterally or directly laterally. 8, 9

(b)  The external and internal carotid may rarely arise as separate branches 

of the aortic arch.6, 10

 

Table 1.1 Danger zones: Common anastamoses: Anterior circulation

Territory at  Comments/

risk         Anastamosis from          Anastamosis to          reference

Brain: Anterior    Ascending pharyngeal,       Cavernous carotid via meningo-      19 circulation        neuromeningeal trunk       hypophyseal trunk

Ascending pharyngeal,      Petrous carotid via caroticotym-     19 inferior tympanic branch    panic Ascending pharyngeal,      Cavernous carotid via inferolateral    19 superior pharyngeal         trunk Ascending pharyngeal,      Petrous carotid via mandibular       19 superior pharyngeal         branch Accessory meningeal       Cavernous carotid via inferolateral    19 (cavernous branch)         trunk, posterior branch Middle meningeal           Cavernous carotid via inferolateral    19 (cavernous branch)         trunk, posterior branch Middle meningeal           Cavernous carotid via meningo-     19 (cavernous branch)         hypophyseal trunk Distal internal maxil-         Cavernous carotid via inferolateral    19 lary (artery of foramen       trunk, anterolateral branch rotundum)

 

Table 1.2 Danger zones: Common anastamoses: Ophthalmic artery

Territory at risk       Anastamosis from         Anastamosis to       Reference

Eye (and             Middle meningeal, sphenoidal    Ophthalmic                  19 secondarily brain)    branch

Middle meningeal, frontal        Ophthalmic via anterior       19 branch                      falx artery Inferolateral trunk,                Ophthalmic                    19 anteromedial branch

Distal internal maxillary,          Ophthalmic                    19 anterior deep temporal

Distal internal maxillary,          Ophthalmic                    19 infraorbital

Distal internal maxillary,          Ophthalmic via ethmoidal     19 sphenopalatine                 branches Distal facial                        Ophthalmic                    19 Transverse facial                 Ophthalmic                   19 Superficial temporal, frontal      Ophthalmic                   19 branch

Cavernous carotid,               Ophthalmic via recurrent      19 inferolateral trunk                 meningeal branch
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Table 1.3 Danger zones: Common anastamoses: Posterior circulation

Comments/

Territory at risk    Anastamosis from       Anastamosis to         reference

Brain: Posterior         Ascending cervical       Vertebral segmental             19

circulation                                         branches

Deep cervical            Vertebral segmental             19

branches

Occipital, muscular       Vertebral segmental              19 branches              branches Ascending pha-         Vertebral segmental             19 ryngeal, muscular        branches branches

Ascending pharyn-      C3 segmental vertebral via       Odontoid arch geal, neuromeningeal    odontoid arch                  connects side-trunk                                                        19 to-side

 

Table 1.4 More trouble: Cranial nerve blood supply

Cranial nerve                  Arterial supply                 References

I: Olfactory                  Anterior cerebral                                     19

II: Optic                      Supraclinoid carotid, ophthalmic                    19

III: Occulomotor           Basilar, superior cerebellar, posterior cerebral,      19, 73

inferolateral trunk, ophthalmic

IV: Trochlear                Inferolateral trunk, meningohypophyseal trunk     19, 73

V: Trigeminal               Inferolateral trunk, meningohypophyseal trunk,     19, 73

middle meningeal, accessory meningeal, artery 

of foramen rotundum, infraorbital

VI: Abducens             Inferolateral trunk, meningohypophyseal trunk,     19, 24, 73

middle meningeal, accessory meningeal, 

ascending pharyngeal(jugular branch)

VII: Facial                     Stylomastoid (from post auricular or occipital),     19, 74

middle meningeal (petrous branch), ascending 

pharyngeal (inferior tympanic and odontoid 

arcade)

VIII: Auditory               Basilar, AICA, ascending pharyngeal jugular         19, 75

branch

IX: Glossopharyngeal      Ascending pharyngeal jugular branch             19, 24

X: Vagus                 Ascending pharyngeal jugular branch, superior     19, 24

and inferior thyroid, laryngeal branches

XI: Spinal Accessory       Ascending pharyngeal (jugular, inferior tym-       19, 24

panic and musculospinal branches)

XII: Hypoglossal           Ascending pharyngeal, hypoglossal branch and    19, 76

proximal trunk, occipital, directly from external 

carotid, lingual

 

(c)  Some  external  carotid  branches,  especially  the  superior  thyroid,  may 

arise from the common carotid.

(d)  Some branches (especially ascending pharyngeal or occipital) may origi-

nate from the internal carotid.

(e)  A common origin of superior thyroid, occipital, and ascending pharyngeal 

from the internal carotid has been reported. 11

(f)  Rarely,  even  all  external  carotid  branches  may  arise  from  the  internal 

carotid.12

(g)  External carotid branches may arise as common trunks with other branches 

including:  linguofacial  trunk  (20%  of  cases),  thyrolingual  trunk  (2.5%  of 
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cases),  thyrolinguofacial  trunk  (2.5%  of  cases),  and  occipitoauricular  trunk 

(12.5% of cases). 13

(h)  Persistent stapedial artery,14 or, for the anatomic purist, the persistent 

hyoido-stapedial artery15 arises from the petrous internal carotid, passes through the middle ear, and forms the middle meningeal. The prevalence 

of persistent stapedial arteries in 100 temporal bones that were studied 

was 0.48%.16 This anomaly can be associated with the so-called aberrant course  of  the  internal  carotid  in  the  middle  ear,  which  probably  really 

represents  a  collateral  pathway  involving  the  inferior  tympanic  branch 

of the ascending pharyngeal bypassing a segmental agenesis of the true 

internal carotid.17, 18

 

1.3.1.       Superior thyroid artery

Whether  it  arises  above  or  below  the  common  carotid  bifurcation,  the  superior 

thyroid  originates  from  the  anterior  surface  of  the  parent  artery  and  immediately turns caudally to supply the anterior soft tissue structures of the neck.

1.  Branches

(a)  Infrahyoid artery

The infrahyoid (a.k.a. hyoid) artery travels medially from its origin, and 

then  follows  along  the  lower  hyoid  bone.  It  can  anastamose  with  the 

submental artery, providing a collateral pathway to the facial artery. 19

(b)  Superior laryngeal artery

The  superior  laryngeal  artery  traveling  inferomedially  from  its  origin, 

follows along with the internal laryngeal nerve, and pierces the thyrohy-

oid membrane to supply the mucosa of the larynx superior to the vocal 

cords and taste buds of the epiglottis.20

i.    Branches

There are two major branches consisting of a ventral branch that 

anastamoses  with  the  cricothyroid  artery  and  superior  laryngeal 

arcade and a dorsal branch that anastamoses with the longitudinal 

laryngeal arcade. There is also a small epiglottic branch. 19

ii.   Territory

The  superior  laryngeal  supplies  the  pharyngeal  and  laryngeal 

structures, as well as the internal laryngeal nerve. It anastamoses 

with  its  contralateral  partner  and  with  the  inferior  laryngeal 

artery, from the inferior thyroid artery.

iii. Variants

–  May  arise  as  a  separate  branch  from  the  external  carotid  or 

ascending pharyngeal. 19

–  In 6 of 22 anatomic specimens, the superior laryngeal does not 

pierce the thyrohyoid membrane but instead passes through a 

thyroid foramen in the thyroid cartilage to supply the soft tis-

sues of the larynx.21

(c)  Sternocleidomastoid artery

Feeds  the  middle  part  of  the  sternocleidomastoid  muscle  and  can 

anastamose with the muscular branches of the posterior auricular and 

occipital  superiorly,  and  thyrocervical  trunk  and  suprascapular  inferi-

orly. The sternocleidomastoid branch can also connect with the glandular 

branches of the superior thyroid.

(d)  Cricothyroid artery

Anastamoses with the superior laryngeal and feeds the upper trachea.

(e)  Glandular branches

This is the continuation of the superior thyroid trunk. There are supe-

rior,  medial  and  lateral  arcades  to  supply  the  thyroid  gland  and  freely 

anastamose with their contralateral counterparts.

2.  Territories

(a)  The superior thyroid artery supplies the majority of the blood to the lar-

ynx with its associated musculature and upper pole of the thyroid gland.6 Only in a small minority of cases does the superior thyroid provide blood 

flow to the parathyroid glands.22 The superior laryngeal branch accom-panies and can supply the internal laryngeal nerve. The superior thyroid 

branches  freely  anastamose  with  their  contralateral  counterparts  and 

with the inferior thyroid artery (from the thyrocervical trunk).
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3.  Variants

(a)  The superior thyroid arises from the external carotid in 46% of cases and 

more commonly, from the common carotid in 52% of cases.23

(b)  Superior  thyroid  may  arise  in  a  common  trunk  with  the  lingual  as  a 

thyrolingual trunk.

(c)  Very rarely, the superior thyroid may arise from the internal carotid.11

 

1.3.2.       Ascending pharyngeal artery

A thin, slender branch arising at the very proximal posterior aspect of the exter-

nal carotid, or in the crotch of the common carotid travels cephalad and parallels the internal carotid. Its termination in the superior pharynx creates a forward and medial right angle turn (Fig. 1.7).

1.  Branches

(a)  Inferior pharyngeal

A relatively small vessel arising from the proximal ascending pharyngeal 

and traveling anteriorly in a zigzag fashion. It supplies pharyngeal mus-

cles and mucosa. It anastamoses with its contralateral counterpart.

(b)  Musculospinal

The  vessel  may  arise  from  the  ascending  pharyngeal  itself  or  from  the 

neuromeningeal  trunk.  It  takes  a  typical  course  extending  posteriorly 

and superiorly for a short distance before curving inferiorly. It supplies 

primarily muscles, but also potentially the ipsilateral upper spinal nerve 

roots,  the  XIth  cranial  nerve  and  superior  sympathetic  ganglion  with 

potential anastamoses with the ascending and deep cervical and verte-

bral arteries.19, 24

(c)  Neuromeningeal trunk

It  is  a  major  branch  of  the  ascending  pharyngeal  that  continues 

cephalad,  but  angling  gently  to  the  posterior.  It  has  several  important 

branches that pass through foramina in the skull base.

i.    Branches

– Musculospinal. 

This  branch  may  variably  arise  from  the  neuromeningeal 

trunk  instead  of  originating  from  the  ascending  pharyngeal 

itself.

– Jugular.

Often  the  largest  branch  of  the  neuromeningeal  trunk,  this 

vessel heads straight cephalad to the jugular foramen. It sup-

plies the IXth through XIth cranial nerves and their ganglia. 

A  medial  branch  then  ascends  on  the  clivus  supplying  the 

VIth  cranial  nerve  and  a  lateral  branch  travels  along  the 

dura around the sigmoid sinus. It can be a major contributor 

to the dura of the posterior fossa. Anastamoses with the lat-

eral clival branch of the meningohypohyseal trunk and dural 

branches of the vertebral are possible.19

– Hypoglossal. 

This  branch  enters  the  hypoglossal  canal  and  supplies  the 

XIIth cranial nerve. It also supplies the dura in the posterior 

cranial fossa and anastamoses with the jugular branch, medial 

clival branches of the meningohypohyseal trunk, the contralat-

eral hypoglossal artery, and the odontoid arcade.19, 25

– Prevertebral.

It  often  arises  from  the  neuromeningeal  trunk  and  contrib-

utes to the odontoid arcade. It anastamoses with its contral-

ateral counterpart and the anterior meningeal branch of the 

vertebral, as well as the hypoglossal branch.25

ii.   Territories

The very important neuromeningeal trunk of the ascending pharyn-

geal supplies cranial nerves VI, IX, X, XI, and XII, and potentially 

collateralizes  to  the  upper  three  spinal  nerves  and  the  superior 

sympathetic  ganglion.  The  meningeal  component  of  its  territory 

includes much of the meninges of the posterior fossa. Anastamotic 

channels exist to its contralateral counterpart, meningeal branches 

of the vertebral and the meningohypophyseal trunk.24

ESSENTIAL NEUROVASCULAR ANATOMY                                                 1.3. External carotid artery                   9

iii. Variants

All  the  branches  of  the  neuromeningeal  trunk  are  in  vascular 

equilibrium  with  each  other,  and  with  their  anastamotic  connect-

ing vessels. Hypoplasia or occlusion of one or more vessels leads to 

hypertrophy of the existing branches.

(d)  Prevertebral

Occasionally, this vessel arises directly from the ascending pharyngeal, 

but still contributes to the odontoid arcade. 25

(e)  Inferior tympanic

i.    Branches

There are three common branches of the inferior tympanic.19

–  Ascending  branch  connects  to  petrosal  branch  of  middle 

meningeal

–  Anterior branch connects to the caroticotympanic branch

–  Posterior  branch  connects  to  the  stylomastoid  artery,  a 

branch of the posterior auricular artery

ii.   Territories

Supplies  middle  ear  cavity  and  associated  nerves,  including 

VIIth  nerve  and  tympanic  branch  of  the  IXth  cranial  nerve  (aka 

Jacobson’s nerve).

iii. Variants

May arise from the neuromeningeal branch, the ascending pharyn-

geal distal to the origin of the latter, or it may appear as a trifurca-

tion with a neuromeningeal division and pharyngeal division with 

the inferior tympanic arising in between.19

(f)  Middle pharyngeal

i.    Branches

No named branches.

ii.   Territories

Supplies  mucosa  and  muscles  of  the  naso-  and  oropharynxas 

well  as  the  soft  palate.26  Anastamoses  with  contralateral  middle pharyngeal,  ipsilateral  ascending  palatine,  greater  palatine,  and 

branches of the accessory meningeal.

iii. Variants

May  arise  from  ascending  pharyngeal  proximal  or  occasionally 

distal to the origin of neuromeningeal trunk.

(g)  Superior pharyngeal

As the most cephalad anterior branch of the ascending pharyngeal, this 

tends to be a small vessel. The pharyngeal branches take an abrupt ante-

rior and medial angulation from the vertical ascending pharyngeal.

i.    Branches

There  are  several  common  branches  of  the  superior  pharyngeal, 

but only one is named.

–  Carotid  branch  actually  traverses  the  cartilage  filling  the 

foramen  lacerum  and  connects  to  the  cavernous  carotid 

artery via the inferolateral trunk.

–  Anterior un-named branches to the upper nasopharynx and 

adjacent tissues.

ii.   Territories

Supplies upper nasopharynx including the orifice of the Eustachian 

tube as well as associated muscles, including superior constrictor. 

Has  many  potential  anastamoses,  including  accessory  meningeal, 

pterygovaginal,  contralateral  superior  pharyngeal  with  danger-

ous  anastamoses  to  cavernous  carotid  via  the  carotid  branch  and 

petrous carotid via its Vidian branch, if present.

iii. Variants

Pharyngeal  territories  of  the  superior  pharyngeal  may  be  prima-

rily supplied by the accessory meningeal, Vidian, or other nasopha-

ryngeal feeders.

2.  Territories

Ascending pharyngeal supplies the mucosa and adjacent muscles of the phar-

ynx,  soft  palate,  odontoid  process,  bones,  muscles  and  nerve  roots  at  C1  and 

C2, lower cranial nerves (IX–XII and potentially VI and VII), lower clivus and 

medial skull base, middle ear, and meninges of the posterior fossa and portions 

of the middle cranial fossa. There are extensive anastamoses with its contral-

ateral  counterpart  as  well  as  the  occipital,  middle  and  accessory  meningeal, 

and distal internal maxillary arteries as well as particularly dangerous anas-
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tamoses with the internal carotid and vertebral arteries.24 This is a very busy

little artery.

3.  Variants

(a)  Ascending pharyngeal may arise from the internal carotid.

(b)  Often arises as a common trunk with the occipital artery.

(c)  Ascending  cervical  artery  may  supply  the  territory  of  the  ascending 

pharyngeal.19

(d)  Can contribute to the persistent hypoglossal artery variant.

(e)  Can reconstitute the vertebral artery when it is aplastic.

(f)  The  so-called  “aberrant  internal  carotid”  in  the  middle  ear  cavity  is 

probably  more  appropriately  termed  the  ascending  pharyngeal  artery, 

providing a collateral pathway for the territory of a segmentally occluded 

internal carotid.17, 18

 

1.3.3.       Lingual artery

Arises from the ventral aspect of the external carotid and takes a gentle anterior-

inferior  path  to  create  a  “U”  shaped  curve  on  both  frontal  and  lateral  angiographic projections.  It  then  curves  upward  to  form  an  arc  through  the  tongue  as  the  dorsal lingual branch with its characteristic radiating branches to the tongue:

1.  Branches

(a)  Suprahyoid

A  small  branch  runs  along  the  superior  aspect  of  the  hyoid  bone  and 

anastamoses with the contralateral suprahyoid.6

(b)  Dorsal lingual

May consist of two or three upwardly arcing branches that curve up over 

the tongue and gives radiating branches, that follow the pattern of the 

radiating intrinsic lingual muscle. The dorsal lingual anastamoses with 

its contralateral counterpart.6

(c)  Sublingual

This branch angles anteriorly to supply the sublingual gland and floor of 

the mouth, and anastamoses with the submental branch of the facial and 

with  its  contralateral  counterpart.  A  small  branch  pierces  the  lingual 

foramen of the mandible, and supplies the adjacent bone. 6

(d)  Deep lingual

A small terminal branch to the frenulum of the tongue. 6

2.  Territories

The lingual artery provides generous arterial supply to the tongue and floor of 

the mouth. There are anastamoses with the contralateral lingual and ipsilat-

eral facial via the submental branch. However, it should be remembered that 

the  branches  to  the  tip  of  the  tongue  are  effectively  end  arteries,  and  distal 

embolization with small particles or liquid agents can produce ischemic necrosis 

of the tip of the tongue, especially if the emboli are forced across the midline via 

the side-to-side anastamosis, or if bilateral embolization is intentionally done.

3.  Variants

(a)  Often arises from a common facial-lingual trunk with the facial artery 

(20% of cases).13

(b)  Occasionally, can arise as a common thyrolingual trunk with the supe-

rior  thyroid  artery  (2.5%  of  cases),  or  thyrolinguofacial  trunk  (2.5%  of 

cases).13

(c)  Rarely can arise from the common carotid.

(d)  Lingual  artery  can  supply  variable  amounts  of  the  submental  artery’s 

supply to the floor of the mouth.

 

1.3.4.       Facial artery

The facial artery is usually one of the larger external carotid branches and arises from 

the anterior aspect of the external carotid. It then curves in a slightly redundant fashion through the submandibular gland and under and around the angle of the mandible, then angling forward and cephalad, as well as medially to extend up along the angle of the nose as the angular artery. The facial artery has a number of named and un-named branches that anastamose freely from one to the other, and with other vessels in the face (Fig. 1.8).

1.  Branches

(a)  Ascending palatine
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This vessel ascends for a few centimeters from its origin, and then takes 

a right angle forward to the soft palate, by taking a small loop-de-loop as 

it curves around the tonsils. Consequently, this vessel can be a casualty 

of  tonsillectomy  or  palatal  surgery,26  and  can  be  the  source  of  post-op bleeding, along with the smaller tonsilar arteries.

i.    Branches

Three  fairly  constant  and  several  less  constant  branches  were 

found on a cadaveric study of palatine blood supply. 27

– Glossal. Arises at the level of the upper border of the tongue 

and supplies the palatoglossus muscle.

– Tonsillar.  Arises  at  the  level  of  the  oropharyngeal  tonsil, 

supplying  the  tonsil  and  palatopharyngeus  and  sometimes 

palatoglossal muscles.

– Hamular. Arises adjacent to the hamulus of the medial ptery-

goid plate and mucosa and palatoglossus.

–  Variable  branches  to  uvula,  levator  palatini,  palatoglossus, 

and palatopharyngeus muscles.

ii.   Territories

Supplies mucosa and muscles of the lateral opropharynx and soft 

palate.  Anastamoses  with  contralateral  ascending  palatine  and 

ipsilateral middle pharyngeal, greater palatine, and the branches 

of accessory meningeal.

iii. Variants

Usually  arises  from  the  proximal  facial  artery,  but  may  arise 

directly from the external carotid, from a common trunk with the 

submandibular  branch,  occasionally  from  the  middle  pharyngeal 

artery (from the ascending pharyngeal) or even from the accessory 

meningeal artery. 19

(b)  Tonsillar artery

One or more small proximal facial branches to the tonsils. This is the 

dominant  supply  to  the  palatine  (oropharyngeal)  tonsil  along  with 

the  ascending  palatine  artery,  pharyngeal  branches  of  the  ascending 

pharyngeal, dorsal lingual branch of the lingual, and greater palatine 

branch  of  the  internal  maxillary.6  The  tonsilar  artery  must,  there-fore,  be  considered  as  a  culprit  in  the  case  of  postoperative  bleeding 

after  tonsillectomy,  along  with  the  ascending  palatine.  The  tonsilar 

branches of the facial can also contribute to the nasopharyngeal ton-

sils, but most of the blood supply to that tonsil comes from the superior 

pharyngeal, ascending palatine, pterygo-vaginal, and occasionally the 

inferior hypophyseal branch of the meningohypohyseal trunk. 6

(c)  Submandibular branches

Small branch or branches to the submandibular gland region. May arise 

from the submental artery. It may anastamose to the lingual and supe-

rior thyroid branches.28

(d)  Submental artery

This vessel is usually fairly large, traveling along the inferior margin of 

the mandible, and it shares the task of supplying the floor of the mouth 

with the lingual artery. The submental anastamoses to the lingual via its 

submandibular branch, and with the superior thyroid via its infrahyoid 

branch,  and  also  has  side-to-side  anastamoses  with  its  contralateral 

partner.28 Its terminal branches curve up to the chin to anastamose with the middle mental and inferior labial arteries.6

(e)  Inferior masseteric

Anterior-superior angling branch that follows along and can supply the 

lower masseter muscle. Can have a small amount of collateral flow to the 

superior masseteric branch of the internal maxillary.28

(f)  Jugal trunk

Those who are familiar with Latin know that “jugal” concerns the cheek, 

and the jugal trunk is one of the three main superior-to-inferior anasta-

moses in the soft tissues of the cheek.

i.    Branches

Two  fairly  constant  and  angiographically  visible  branches  arise 

from the trunk.

– Bucco-masseteric. (aka buccal). Arises from the trunk at the 

level  of  the  ramus  of  the  heads  cephalad,  and  deeply  in  the 

cheek. It gives a buccal branch that supplies the mucosa and 

deep  parts  of  the  cheek  and  a  masseteric  branch  that  feeds 
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that  muscle.  There  are  anastamoses  from  the  buccal  with 

the  distal  internal  maxillary  via  the  buccal  branch  of  the 

latter  and  the  superior  masseteric.  The  masseteric  branch 

anastamoses  with  the  transverse  facial  and  infraorbital.  On 

lateral  angiographic  views  it  characteristically  crosses  the 

transverse facial at a right angle.28

– Posterior jugal. This branch travels obliquely anterior-superiorly 

and  anastamoses  with  the  infraorbital  branch  of  the  internal 

maxillary, superior alveolar and also the transverse facial.28

(g)  Middle mental

A small horizontal branch along the body of the mandible supplying skin 

and adjacent subcutaneous tissues with anastamoses to adjacent facial 

branches and inferior alveolar branch of the internal maxillary.28

(h)  Inferior labial

This  anterior  and  medially  directed  branch  is  the  major  supply  to  the 

lower lip. It has anastamoses with the contralateral inferior labial, and 

also potentially with the ipsilateral superior labial and submental arter-

ies. 28 There may be a common trunk with the superior labial in 10% of angiographic studies.29

(i)  Middle jugal

An  inconstant  branch  that  parallels  and  potentially  anastamoses  with 

the anterior and posterior jugal trunks. 28

(j)  Superior labial

Anterior  and  medially  directed  branch  to  the  upper  lip,  it  parallels 

but  is  usually  larger  than  the  inferior  labial.  It  usually  has  septal  and 

alar branches to the nose. It freely anastamoses with the contralateral 

superior  labial  and  has  potential  dangerous  anastamoses  with  nasal 

branches of the ophthalmic. 6, 28

(k)  Anterior jugal

The anterior-most of the upward angulated branches in the cheek, it sup-

plies the anterior cheek and lateral aspect of the upper lip and nose. It 

freely anastamoses with the infraorbital, the posterior and middle jugal 

arteries, the transverse facial, and superior alveolar artery.28

(l)  Lateral nasal (aka alar)

This  small  branch  extends  anteriorly  to  supply  the  nostril  and  anasta-

mose with the contralateral alar artery.6

(m) Nasal arcade

Anastamotic channels curving over and across the nose and collecting and 

connecting inputs from the facial and ophthalmic arteries bilaterally.28

(n)  Angular

Lives up to its name and travels up along the angle lateral to the nose, 

supplying the cheek beside the nose and the lateral aspect of the nose, 

contributing  to  the  nasal  arcade.  It  has  dangerous  anastamoses  with 

inferior palpebral and nasal branches of the ophthalmic. 28

2.  Territories

The major supply to the superficial soft tissues of the face, it also contributes to 

the masseter muscle, parotid gland, palate and tonsils, floor of the mouth, and 

portions of the buccal mucosa. It can give vasa nervora to distal facial artery 

branches in the face. There are numerous anastamoses between facial branches 

and to virtually every other artery in the facial region, including major connec-

tions to the internal maxillary, transverse facial, and important collaterals to 

distal ophthalmic branches.

3.  Variants

Lasjaunias  proposed  a  theory  of  hemodynamic  balance  at  a  number  of  col-

lecting  points  in  the  face,  to  explain  the  variety  of  vascular  configurations 

encountered in clinical practice. 19, 28 There is a buccal and masseteric balance 

in the posterolateral aspect of the face, an infraorbital and transverse facial 

balance  in  the  mid-portion,  and  an  ophthalmic  balance  in  the  anteromedial 

face.  At  six  points  in  the  face  (termed  jugal,  infraorbital,  and  ophthalmic 

superiorly,  and  mandibular,  labial  and  nasal  inferiorly),  dominance  of  blood 

flow to the region by one or the other potential inputs determines the course 

and size of the facial artery. Numerous variations are possible, but the com-

mon variants are listed below.

(a)  The facial artery frequently may arise as a common trunk with the lin-

gual (20% of cases).13

(b)  The proximal facial may have a posterolateral “jugal” course through the 

jugal point.19
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(c)  It  may  also  travel  anteromedially  through  the  labial  point  for  a  “labial 

course.”19

(d)  Left  and  right  facial  arteries  are  symmetrical  in  68%  of  autopsy 

cases.30

(e)  Sixty-eight percent of facial arteries appear to terminate in the angular 

artery. 30

(f)  Twenty-six percent end in the lateral nasal branch.30 (g)  Four percent terminate in the superior labial. 30

 

1.3.5.       Occipital artery

This is a large branch of the posterior aspect of the external carotid that angles 

posteriorly and superiorly, first being fairly straight as it goes up through the upper neck,  becoming  more  tortuous  and  redundant  as  it  travels  up  the  posterior  scalp (Fig. 1.9).

1.  Branches

(a)  Sternocleidomastoid branches (aka muscular branches)

There  may  be  multiple  muscular  branches.  The  hypoglossal  nerve 

hooks around the lowest branch as it heads first inferiorly, then anteri-

orly toward the tongue.6 Each muscular branch characteristically tends to  curve  cephalad  for  a  short  distance,  before  taking  an  abrupt  turn 

posteroinferiorly.  Each  muscular  branch  corresponds  to  a  vertebral 

level  and  provides  segmental  supply  to  the  muscles,  nerves  and  bone 

at  these  levels.  The  occipital  artery  shares  the  segmental  vertebral 

blood supply with the vertebral artery, ascending pharyngeal and deep 

 cervical  artery,  all  of  which  the  occipital  muscular  branches  freely 

anastamose. The muscular branches normally supplied by the occipital 

may also arise from the posterior auricular or directly from the exter-

nal carotid.19

(b)  Stylomastoid artery

The  stylomastoid  artery  arises  from  the  occipital  artery  in  20–50%  of 

cases.19, 31 It is a common source of blood flow to the facial nerve and mid-dle  ear.  It  can  form  collateral  anastamoses  with  the  inferior  tympanic, 

anterior tympanic, and superior tympanic arteries.

(c)  Mastoid branch

This vessel angles cephalad and medially from the occipital artery giving 

some supply to the soft tissues in the adjacent scalp, before entering the 

skull via the occipital foramen.

i.    Branches

After it enters the skull, the mastoid commonly gives three groups 

of branches. 19

– Descending branches.

These  approach  the  jugular  foramen  and  anastamose  with 

the jugular branch of the ascending pharyngeal.

– Ascending branches.

These  approach  the  internal  auditory  canal  and  can  anas-

tamose  with  the  subarcuate  branch  of  the  anterior-inferior 

cerebellar artery.

– Posteromedial branches.

These spread out into the lateral dura of the posterior fossa, 

potentially  anastamosing  with  branches  of  the  hypoglossal 

branch  of  the  ascending  pharyngeal  or  the  posterior  menin-

geal  branch  arising  from  the  vertebral  (or  posterior-inferior 

cerebellar).19

ii.   Territories

Supplies  the  superficial  soft  tissues,  the  bone  and  dura  in  the 

mastoid and temporal bone region. It may supply large areas of the 

dura in the posterior fossa.

iii. Variants

The mastoid artery may be absent or hypoplastic, and its territory 

supplied by middle meningeal, hypoglossal or jugular branches or 

the meningeal branches of the vertebral.

(d)  Descending branch

The most cephalad muscular branch at the occipital–C1 junction tends 

to be quite prominent, usually with large anastamotic connections to the 
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vertebral artery and a descending branch connecting to the deep cervi-

cal artery.

(e)  Lateral meningeal branches

Distal  to  the  origin  of  the  mastoid  branch,  there  may  be  one  or  more 

branches  that  enter  the  skull  via  a  small  parietal  foramen  and  supply 

supratentorial dura. There are usually anastamoses with middle menin-

geal branches.

(f)  Occipital branches

Multiple scalp vessels with a redundant, zigzag configuration arise from 

the occipital to supply the scalp, muscles and pericranium. These anasta-

mose with the contralateral occipital branches, and with scalp branches 

of the posterior auricular and superficial temporal arteries. 6

2.  Territories

The  occipital  artery  travels  3 cm  lateral  to  the  inion  and  generally  supplies 

the  posterior  third  of  the  scalp,  the  occipital-frontalis,  trapezius,  and  sterno-

cleidomastoid  muscles,  portions  of  the  occipital,  mastoid  and  temporal  bones, 

dura, the seventh and ninth cranial nerves and first few spinal nerves. There 

are numerous anastamoses to the contralateral occipital artery, the ipsilateral 

ascending pharyngeal artery, vertebral artery, middle meningeal artery, super-

ficial temporal artery, posterior auricular artery, deep cervical artery and even 

anterior–inferior–cerebellar artery.

3.  Variants

(a)  The ascending pharyngeal may arise from the occipital artery.

(b)  There can be a common origin of the occipital with the posterior auricu-

lar as an occipitoauricular trunk (12.5% of cases).13

(c)  The occipital may arise from the internal carotid artery.

(d)  The  occipital  can  be  involved  with  persistent  carotid-vertebral  anasta-

moses, such as a persistent proatlantal artery.

(e)  The  occipital  may  originate  from  C1  or  C2  segmental  branches  of  the 

vertebral artery or from the ascending cervical artery.19, 32

 

1.3.6.       Posterior auricular artery

This  posterior  branch  of  the  distal  external  carotid  is  usually  fairly  small  and 

can  be  identified  angiographically  by  the  tortuous  scalp  branch  curving  cephalad behind the ear.

1.  Branches

(a)  Sternocleidomastoid branch (aka muscular)

Proximal  branch  of  the  posterior  auricular  can  assist  the  occipital  in 

providing blood flow to the sternocleidomastoid, digastric and stylohyoid 

muscles. 6

(b)  Parotid branches

Small branches from the proximal posterior auricular to the parotid. Can 

supply portions of the facial nerve.

(c)  Stylomastoid branch

The  stylomastoid  artery  arises  from  the  posterior  auricular  in  50–70% 

of cases. 31, 33 The next most common origin is from the occipital, followed by  direct  origin  from  the  external  carotid.  It  feeds  the  facial  nerve  and 

middle ear, mastoid air cells and portions of the inner ear. 6 It can anas-tamose  with  anterior  tympanic  (from  middle  meningeal)  and  inferior 

tympanic (from ascending pharyngeal).

(d)  Auricular branch

A fairly constant branch seen in 65% of cases, this vessel supplies much 

of the posterior aspect of the pinna. 34 Its branches from a dense arterial network in the ear.

(e)  Occipital branch (aka retroauricular branch)

Also a fairly constant branch seen in 65% of cases, this branch supplies 

the scalp behind the ear.

(f)  Parietal branch

A fairly inconstant branch only seen when the superficial temporal does 

not have a dominant parietal branch. It has the typical ascending, tortu-

ous appearance of a scalp vessel.

2.  Territories

The  posterior  auricular  artery  supplies  the  auricle,  entering  the  middle  part 

of the ear posteriorly.35                                                          36 It is the major supplier of blood flow to the ear. It can 
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supply  portions  of  the  parotid  gland,  facial  nerve,  sternocleidomastoid,  digas-

tric and stylohyoid muscles.6 It has variable supply to the scalp posterior and superior to the ear, depending on the dominance of the superficial temporal and 

occipital  arteries.  It  anastamoses  with  the  superficial  temporal,  and  occipital 

via the scalp and auricular branches and with anterior tympanic (from middle 

meningeal)  and  inferior  tympanic  (from  ascending  pharyngeal)  via  the  stylo-

mastoid artery.

3.  Variants

(a)  May arise 12.5% of the time in common with the occipital artery as an 

occipito-auricular trunk. 13

(b)  The  scalp  territories  of  the  posterior  auricular  are  in  a  hemodynamic 

balance  with  the  superficial  temporal  and  occipital  arteries.  If  one  is 

hypoplastic, the adjacent vessels are hypertrophic, and vice versa.

 

1.3.7.       Superficial temporal artery

One of the two terminal branches of the external carotid (the other is the internal 

maxillary),  this  vessel  continues  the  general  vertical  course  of  the  external  carotid. The  superficial  temporal  arises  behind  the  neck  of  the  mandible  within  the  parotid gland. It is easily palpable anterior to the ear at the tragus.6 The superficial temporal provides typically two major branches that then angle cephalad in a wavy, redundant fashion that is typical for scalp vessels:

1.  Branches

(a)  Transverse facial

This  vessel  originates  anteriorly  from  the  superficial  temporal  artery 

within  the  parotid  gland  and  travels  anteriorly  and  slightly  inferiorly 

between the parotid duct and zygomatic arch, to supply the structures in 

the face.6 On lateral angiographic studies, it typically crosses the buccal artery at right angles. 19 With agenesis or diminution of the facial artery, this branch may take over as the dominant artery of the face.

i.    Branches

Along  its  course,  the  transverse  commonly  has  a  number  of 

branches, but only one (superior masseteric) has a well described 

formal name.

– Parotid branches.

These feed the parotid gland and duct and may contribute to 

facial nerve branches.

– Superior masseteric.

Prominent branch to the masseter muscle that anastamoses 

with the buccal artery (from the facial artery). 19

– Jugal branches.

One or more descending branches to the cheek that may anas-

tamose with the jugal branches of the facial artery.

– Zygomatic branches.

These spread out into the face, potentially anastamosing with 

branches  of  the  zygomatico-orbital  branch  of  the  superficial 

temporal.19 Distally these terminal branches may anastamose with the infraorbital and lacrimal arteries. 6

ii.   Territories

It  supplies  the  superficial  soft  tissues  of  the  upper  face.  It  freely 

anastamoses  with  other  superficial  temporal  and  facial  branches, 

as  well  as  with  potential  collaterals  to  the  infraorbital  and  oph-

thalmic arteries.

iii. Variants

The  transverse  facial  artery  may  arise  directly  from  the  external 

carotid.

(b)  Anterior auricular

It is a proximal branch of the superficial temporal, supplying blood pri-

marily to the anterior aspect of the ear. It has three branches, the most 

superior of which curves up over the helix to anastamose with posterior 

auricular branches, but the lower two branches only provide limited sup-

ply to the anterior ear.35

(c)  Zygomatico-orbital

A variably prominent, anteriorly directed branch of the superficial tem-

poral runs just superior to the zygomatic arch towards the lateral aspect 

 

16                      1.3. External carotid artery                                                                 ESSENTIAL NEUROVASCULAR ANATOMY

of the orbit. It supplies the scalp and the orbicularis occuli muscles.6 It can have numerous anastamoses with the frontal branch of the superfi-

cial temporal, transverse facial, and supraorbital, frontal, palpebral, and 

lacrimal branches of the ophthalmic. 19

(d)  Middle temporal

Also called the posterior deep temporal by some authors, this is a rela-

tively small branch supplying the temporalis muscle, specifically the pos-

terior aspect of this muscle.37 It potentially anastamoses with the deep temporal branches of the internal maxillary.6

(e)  Frontal branch

One of the two large terminal branches of the superficial temporal takes 

a tortuous course over the frontal scalp, supplying tissues from skin down 

to pericranium. It anastamoses with its contralateral counterpart across 

the  midline,  and  with  the  ipsilateral  zygomatico-orbital  branch  of  the 

superficial temporal and supraorbital and supratrochear branches of the 

ophthalmic.6  The  distal  frontal  branch  over  the  vertex  can  also  provide branches that pass through foramina for emissary veins, to anastamose 

with  middle  meningeal  branches.19  This  is  why  superficial  temporal arteries sometimes supply intracranial lesions such as meningiomas.

(f)  Parietal branch

The other, usually larger terminal branch of the superficial temporal 

angles  more  posteriorly  to  supply  the  parietal  scalp.  It  anastamoses 

with the contralateral parietal branch, and ipsilateral frontal branch, 

as  well  as  posterior  auricular  and  occipital  branches.  It  can  also 

provide  some  trans-cranial  anastamoses  with  the  middle  meningeal 

branches.

2.  Territories

The superficial temporal is a major contributor of blood flow to the scalp, and 

is  in  a  hemodynamic  equilibrium  with  the  occipital  and  posterior  auricular 

arteries.  There  are  extensive  anastamoses  between  the  superficial  temporal 

branches and the branches of occipital, posterior auricular, middle meningeal, 

ophthalmic, and facial arteries.

3.  Variants

There is considerable variability of the size and territory of the major superfi-

cial branches. The balance that exists between individual superficial temporal 

branches and between the superficial temporal and its competing scalp vessels, 

means that when one vessel is large and takes on a wide territory, the adjacent 

vessels may be small or absent.

 

1.3.8.       Internal maxillary artery

The internal maxillary artery (IMA) is the larger of the two terminal branches 

of  the  external  carotid.  Inclusion  of  the  word internal  is  superfluous,  as  there  is  no “external” maxillary artery; however, internal maxillary artery is the colloquial, and most widely used, version of the term for this vessel. The IMA arises at a right angle from  the  external  carotid  behind  the  neck  of  the  mandible,  and  travels  anteriorly. Anatomically, it can be divided into three segments (1) the proximal mandibular part traveling  horizontally,  first  posterior,  then  medial  to  the  mandible,  (2)  the  middle pterygoid part travels in a slightly oblique fashion, anteriorly and cephalad, adjacent to the lateral pterygoid muscle (medial or lateral to it, depending on whether it is the superficial or deep variant as described below), and (3) the distal pterygopalatine part passes  between  the  upper  and  lower  heads  of  the  lateral  pterygoid,  curves  medially and travels through the pterygomaxillary fissure into the pterygopalatine fossa.6

1.  Branches

The  mandibular  part  of  the  IMA  often  gives  rise  to  the  deep  auricular,  ante-

rior  tympanic,  middle  meningeal,  accessory  meningeal,  and  inferior  alveolar 

arteries (i.e., branches that traverse foramina or fissures). The pterygoid part 

usually  has  deep  temporal,  pterygoid,  masseteric  and  buccal  branches  (i.e., 

muscular branches). The pterygopalatine part provides the posterior superior 

alveolar,  infraorbital,  artery  of  foramen  rotundum,  pterygovaginal,  greater 

palatine, Vidian, and sphenopalatine arteries.6

(a)  Deep auricular artery

Tiny branch of very proximal internal maxillary

i.    Branches

No named branches.
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ii.   Territories

Supplies external auditory meatus, tympanic membrane, and tem-

poromandibular joint.6

iii. Variants

–  May arise in a common trunk with anterior tympanic

(b)  Anterior tympanic

Very small branch of very proximal internal maxillary

i      Branches

No named branches.

ii    Territories

Supplies  tympanic  cavity  and  anastamoses  with  the  stylomastoid 

artery,  pterygovaginal  branch  of  internal  maxillary  and  carotico-

tympanic artery from petrous carotid.6

iii. Variants

Extremely variable anterior tympanic origins were found in a study 

of 104 cadaveric specimens. 38

–  May  arise  as  a  common  trunk  with  deep  auricular  artery, 

middle  meningeal,  accessory  meningeal,  or  posterior  deep 

temporal.

–  Seventy-eight  percent  of  right  and  45%  of  left  arise  from 

internal maxillary

–  Next most common site of origin: superficial temporal

–  1–4% arise from external carotid itself

–  Rarely, the anterior tympanic may be duplicated, triplicated, 

or absent.38

(c)  Middle meningeal artery (Fig. 1.10)

The first substantial ascending branch of the internal maxillary enters the cra-

nial cavity through foramen spinosum. It then takes a characteristic right-angle turn in both the sagittal plane in which it turns anteriorly and coronal plane, in which it turns laterally.

i.    Branches

– Accessory meningeal. 

This may be a major extracranial branch of the middle menin-

geal, or may arise separately from the internal maxillary. The 

accessory meningeal is discussed in detail below.

– Petrous. 

The small, but important petrous branch first gives a medial 

cavernous  branch  to  the  cavernous  sinus  which  can  anasta-

mose  with  the  posterior  branch  of  the  inferolateral  trunk, 

then  gives  a  posterior  basal  tentorial  branch,  potentially 

anastamosing  with  basal  tentorial  branches  of  the  petros-

quamosal  branch  of  the  middle  meningeal,  and  cavernous 

branches  of  the  internal  carotid.19  It  then  follows  along  the greater  petrosal  nerve  giving  the  superior  tympanic  branch 

to  the  facial  nerve  and  geniculate  ganglion.  This  portion 

anastamoses with the stylomastoid.6

– Petrosquamosal. 

A  posteriorly  directed  branch  of  the  proximal  intracranial 

middle meningeal supplies to the middle cranial fossa dura, 

and can have a basal tentorial branch that can contribute to 

the  dura  of  the  posterior  fossa,  and  potentially  anastamose 

with the jugular branch of the ascending pharyngeal. 19.


– Sphenoidal. 

This  branch  supplies  dura  along  the  planum  sphenoidale, 

and  then  enters  the  orbit  via  the  superior  orbital  fissure  to 

freely  communicate  with  the  ophthalmic. 39  The  sphenoidal collateral  to  the  ophthalmic  was  seen  in  16%  of  cadaveric 

specimens.40

– Meningolacrimal. 

This orbital branch is derived from the superior branch of the 

primitive stapedial artery, enters the orbit through a cranio-

orbital  foramen  (of  Hyrtl),  and  directly  fills  the  lacrimal 

artery.39 This type of orbital branch of the middle meningeal was found in 43% of the cadaveric specimens. 40

– Temporo-occipital (aka temporal). 

It  usually  arises  distal  to  the  sphenoidal  branch  and  curves 

posteriorly.  It  supplies  skull  and  dura  of  the  middle  cranial 
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Fig. 1.10 Middle meningeal artery: Branches and anastamoses. The middle meningeal 

 

artery (MMA) often has a large extracranial branch, the accessory meningeal artery 

(AMA), which, in turn has anastamoses with the greater palatine (Gr. Palatine) and 

ascending palatine (Asc. Palatine) arteries before entering the skull via the foramen 

ovale and anastamosing with cavernous branches of the internal carotid (ICA). The mid-

dle meningeal artery continues into the skull via the foramen spinosum. The petrous 

branch (Petrous Br.) is the first intracranial branch and anastamoses with ascending 

pharyngeal branches in the temporal bone and with ICA branches via its cavernous 

branch (CB). Petrosquamosal (PSB), temporal, parietal, and frontal branches supply the 

dura over the middle and anterior fossa. Transcranial anastamoses rto the superficial 

temporal (STA) and midline anastamoses with the anterior falx (AFA) branch of the 

ophthalmic (Ophth.) are depicted. The sphenoidal branch (Sph. Br.) is a major 

collateral to the ophthalmic.

 

fossa  and  can  extend  all  the  way  around  the  calvarium  to 

the  midline,  sometimes  contributing  to  the  posterior  falx 

and  tentorium,  but  generally  only  in  pathological  states.  It 

anastamoses  with  the  petrosqamosal  and  parietal  branches 

of the middle meningeal and potentially with scalp vessels via 

transcranial collaterals.

– Parietal. 

One of the two terminal branches of the middle meningeal, this 

vessel contributes to the blood supply of anterior cranial fossa 

dura. It can be of a variable size and distribution, since it is in 

a hemodynamic balance with the frontal and  temporo-occipital 
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branches,  with  which  it  can  freely  anastamose.  The  parietal 

branch  reaches  the  vertex  and  can  contribute  to  the  walls  of 

the  superior  sagittal  sinus  and  falx.  At  the  midline,  it  may 

anastamose  with  the  contralateral  middle  meningeal  artery. 

Transcranial anastamoses with scalp vessels (superficial tem-

poral  and  occipital)  are  also  seen,  in  virtually  all  20  cadaver 

specimens studied.41

– Frontal. 

Usually the last branch of the middle meningeal, this branch 

also is in hemodynamic balance with the parietal branch and 

can  therefore  be  of  a  variable  size  and  distribution.  It  is  a 

major contributor to the blood supply of anterior cranial fossa 

dura.  It  can  reach  the  midline  and  frequently  anastamoses 

with the anterior falx branch of the ophthalmic. Other anasta-

moses include the ipsilateral parietal branch, the contralateral 

frontal branch, and transcranial collaterals from the scalp ves-

sels, especially the frontal branch of the superficial temporal.

ii.   Territories

The  middle  meningeal  provides  extensive  flow  to  the  calvarium 

and  meninges  of  the  anterior  and  middle  fossae  (Table  1.5).  It 

Table 1.5 Intracranial dural vascular supply

Dural structure/                           …Which usually 

region         Feeding arteries       arise from:          Reference

Posterior fossa          Petrosquamosal         Middle meningeal

Petrous                Middle meningeal Mastoid               Occipital                6 Jugular                 Ascending pharyngeal   6 Hypoglossal            Ascending pharyngeal   6 Posterior meningeal     Vertebral                6 Anterior meningeal      Vertebral

Tentorium              Artery of Bernasconi     Cavernous carotid       19

and Cassinari (mar-

ginal tentorial)

Basal tentorial            Cavernous carotid        19 Petrosqamosal         Middle meningeal       19 Mastoid               Occipital                19 Artery of Davidoff and    Posterior cerebral        63 Schechter

Falx cerebri              Anterior falx artery       Ophthalmic

Frontal and parietal       Middle meningeal branches

Artery of Davidoff and    Posterior cerebral        63 Schechter

Anterior cranial fossa    Ethmoidals              Ophthalmic              6

Recurrent meningeal    Ophthalmic Anterior falx              Ophthalmic Sphenoidal             Middle meningeal Frontal and parietal       Middle meningeal branches

Middle cranial fossa      Inferolateral trunk        Cavernous carotid        6

Accessory meningeal    Middle meningeal       6 Temporo-occipital       Middle meningeal       6 Recurrent meningeal    Ophthalmic             6 Carotid branch          Ascending pharyngeal   6

These vessels should be considered when evaluating vascular lesions in or around the dura
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has important collaterals to the internal carotid circulation.42 The middle meningeal can have contributions to the cranial nerves in 

the cavernous sinus via the cavernous branch and also to the facial 

nerve via the superior tympanic branch.

iii. Variants

The  middle  meningeal  artery  develops  from  the  fetal  stapedial 

artery.  This  stapedial  artery  arises  from  the  fetal  hyoid  artery, 

a  branch  of  what  is  to  later  become  the  petrous  internal  carotid, 

and passes through the mesenchyma that later becomes the stapes 

(hence the name). The stapedial gives rise to supraorbital, maxil-

lary  and  mandibular  branches,  which  are  later  incorporated  into 

the external carotid. The supraorbital anastamoses with the devel-

oping ophthalmic territory.6 Persistence of portions of fetal vessels that  usually  regress  and/or  regression  of  segments  that  usually 

persist, results in a number of congenital variants.43

–  Distal middle meningeal can frequently be seen to arise from 

the ophthalmic.44

–  Middle meningeal may arise from the internal carotid.45, 46 –  Ophthalmic may arise from the middle meningeal.47–50 –  A number of extracranial branches may arise from the mid-

dle  meningeal,  including  a  palatine  branch,51  as  well  as  the posterior superior alveolar artery. 52

–  Tentorial  branches  (usually  arising  from  cavernous  carotid) 

may arise from the middle meningeal.53

–  Occasionally, the middle meningeal may arise from the basi-

lar artery.54–56

–  The size and general direction of the distal middle meningeal 

branches can be extremely variable.

–  Dural-to-pial  collateral  f low  from  middle  meningeal 

branches  to  anterior  or  middle  cerebral  branches  can 

occur. However, these are almost always seen in the pres-

ence  of  occlusive  disease  (such  as  carotid  occlusion  with 

impaired collateral f low)57 or in cases of high-f low lesions (such  as  brain  arteriovenous  malformations).  These  are 

likely  acquired  connections  due  to  high  f low  demand  and 

release of angiogenic factors, rather than a true congenital 

variation.

(d)  Accessory meningeal

This small branch arising from either the proximal middle meningeal or 

less commonly from the IMA just distal to the middle meningeal, takes a 

characteristic gently curving antero-superior course. Ironically, in spite 

of its name, only about 10% (range 0–40%) of its blood supply is intrac-

ranial.58

i      Branches

Terminal branches of the accessory meningeal are variable in size, 

configuration,  and  variably  named  in  the  literature.59  The  major branches  are  most  commonly  described  by  the  general  direction 

they  take  from  the  accessory  meningeal.  There  are  ascending, 

descending, and recurrent rami.58

–  Lateral territory ascending ramus (aka posterior branch)

–  Medial territory ascending ramus (aka inferomedial branch)

–  Intracranial  ascending  ramus  (aka  intracranial  branch). 

Small branch usually enters the skull via foramen ovale

–  Descending companion ramus to the medial pterygoid nerve 

(aka arteria pterygoida medialis)

–  Anterior descending ramus (aka inferopalatine branch). This 

is  the  apparent  continuation  of  the  main  accessory  menin-

geal. Can supply to the soft palate and the nasal cavity.

–  Variable  recurrent  rami  to  mandibular  nerve  and  otic 

 ganglion

ii   Territories

There  are  lateral,  medial  and  intracranial  territories.  Most  of 

the  blood  supply  is  extracranial,  supplying  lateral  and  medial 

pterygoid  and  levator  veli  palatine  muscles,  the  pteryoid  plates 

and  greater  wing  of  the  sphenoid  bone,  the  mandibular  nerve 

and  otic  ganglion.  Can  occasionally  have  considerable  supply  to 

the posterior nasal cavity and can be a source of nasal bleeding.60
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The intracranial contribution is usually small and enters the skull 

through  foramen  ovale  (most  commonly)  or  the  sphenoidal  emis-

sary  foramen  of  Vesalius  (22%  of  cases).58  The  intracranial  rami supply  the  meninges  of  variable  portions  of  the  middle  cranial 

fossa,  portions  of  the  cavernous  sinus,  including  the  trigeminal 

nerve and its ganglion6. It can anastamose with the posterior limb of the cavernous carotid’s inferolateral trunk.61

iii   Variants

–  Usually  arises  from  the  middle  meningeal  artery,  when  the 

internal  maxillary  is  lateral  to  the  lateral  pterygoid  muscle 

(superficial type IMA).

–  Usually  arises  from  internal  maxillary  artery  itself,  when 

MA is medial to the lateral pterygoid (deep type IMA).

–  There  can  be  multiple  accessory  meningeal  arteries  (25%  of 

cases), but only rarely is it absent (4% of cases).58

–  There can be an anastamosis from the accessory meningeal to 

the  superior  cerebellar  artery  in  a  rare  persistent  trigeminal 

variant.62

(e)  Inferior alveolar (aka dental) artery

This  branch  takes  an  anterior-inferior  angulation  from  its  origin  from 

the proximal internal maxillary. It then enters the mandibular foramen, 

following along the mandibular canal.

i.    Branches

– Mylohyoid branch. It is a small branch to the mylohoid muscle 

arising  from  the  inferior  alveolar,  before  it  enters  the  man-

dibular canal. It anastamoses with the submental branch of 

the facial.6

– Incisive  branch.  One  of  the  two  terminal  branches  of  the 

inferior alveolar, the incisive branch under the incisor teeth, 

reaching  the  midline  and  anastamosing  with  the  contralat-

eral incisive branch.6

– Mental  branch.  This  branch  travels  out  through  the  mental 

foramen  of  the  mandible  to  anastamose  with  the  submental 

and inferior labial branches of the facial artery. 6

ii.  Territories

The inferior alveolar supplies the mylohyoid muscle, the mandible, 

mandibular teeth, the inferior alveolar nerve, and the soft tissues 

of the chin.

iii.  Variants

–  The inferior alveolar arises as a common trunk with the middle 

deep temporal in the deep type internal maxillary variant.

–  Inferior  alveolar  may  arise  directly  from  the  external 

carotid64

(f)  Middle deep temporal

Just  to  make  things  complicated,  some  authors  refer  to  this  branch  as 

the  posterior  deep  temporal,  but  the  majority  of  authorities  call  it  the 

middle deep temporal. The deep temporal arteries ascend in a relatively 

straight  course,  unlike  the  redundant  superficial  temporal  branches. 

The middle deep temporal provides approximately one half of the blood 

flow to the temporalis muscle.37 It can anastamose with the superficial temporal  and  occasionally,  the  transcranial  collaterals  from  this  vessel 

can anastamose with the middle meningeal branches. A common origin 

of the inferior alveolar and middle deep temporal arteries is a component 

of the deep-type internal maxillary variant. 65, 66

(g)  Pterygoid branches

Small  inferiorly  directed  branches  of  the  distal  pterygoid  part  to  the 

pterygoid muscles that are not often visualized angiographically.

(h)  Masseteric artery

Small, inferiorly directed branch to the masseter that anastamoses with 

masseteric branches of the facial and the transverse facial arteries.

(i)  Buccal artery

Inferiorly directed branch that connects to the jugal trunk of the facial, 

supplying the soft tissues of the cheek from mucosa to skin, and provid-

ing  collateral  flow  between  distal  internal  maxillary  artery  and  facial 

artery. Also has a connection to the transverse facial.
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(j)  Anterior deep temporal

This vessel angles cephalad in a fairly straight course to provide approxi-

mately 30% of the blood supply to the temporalis muscle.37 This vessel has important anastamoses to the lacrimal branch of the ophthalmic artery.

(k)  Posterior superior alveolar

It  descends  behind  the  maxilla  before  sending  branches  to  bone,  teeth, 

and gingiva in the posterior aspect of the maxilla.

(l)  Infraorbital

Anterior-most  branch  of  the  I.M.A.  that  passes  through  the  inferior 

orbital fissure, then enters the infra-orbital canal to outline the roof of 

the maxillary sinus.6

i.  Branches

– Middle  superior  alveolar.  Provides  contribution  to  alveolar 

process of the mandible.

– Anterior  superior  alveolar.  Also  contributes  to  the  supply  of 

the maxillary teeth.

– Orbital. This vessel primarily supplies the adipose tissue in 

the inferior aspect of the orbit, but can anastamose with the 

ophthalmic.67

– Palpebral.  Distal  branch  to  the  lower  eyelid,  it  anastamoses 

with the dorsal nasal branch of the ophthalmic.

– Naso-orbital. They are small branches to the anterior-inferior 

orbit and side of the nose that also anastamose with the oph-

thalmic.

– Zygomatic  branches.  Lateral  branch  (or  branches)  supplying 

the cheek and connecting to the transverse facial and to the 

jugal trunk of the facial artery.

ii.  Territories

The  infraorbital  artery  supplies  the  adjacent  infraorbital  (maxil-

lary)  nerve,  mucosa  and  bony  margin  of  the  maxillary  sinus. 68 Distal  branches  contribute  to  the  lower  eyelid  and  pre-maxillary 

cheek  soft  tissue.6  Both  the  orbital  branch  and  the  distal  infraor-bital  (palpebral  branch)  freely  anastamose  with  the  ophthalmic, 

putting  vision  at  risk  when  anything  toxic  is  injected  in  the 

infraorbital.69 There are also connections to the posterior superior alveolar, sphenopalatine, and the facial arteries.

iii.  Variants

–  May be hypoplastic or hypertrophic, depending on the domi-

nance of the facial artery.

–  Can  arise  in  a  common  trunk  with  the  posterior  superior 

alveolar artery.

(m) Pterygo-vaginal artery

It is a small branch running posteriorly from the IMA into the pterygoid 

canal  and  anastamosing  with  the  accessory  meningeal  and  ascending 

pharyngeal branches to the Eustachian tube region, and also potentially 

connecting to the petrous carotid.

(n)  Vidian artery (aka artery of the pterygoid canal)

It  may  arise  from  the  pterygovaginal,  or  separately  from  the  IMA.  It 

enters the vidian canal and anastamoses with the vidian branch of the 

petrous internal carotid.

(o)  Artery of foramen rotundum

Small, posteriorly directed branch often displaying a characteristic wavy 

appearance as it passes through the foramen rotundum. Supplies maxil-

lary  nerve  and  adjacent  skull  base.  It  is  an  important  collateral  to  the 

anterolateral branch of the inferolateral trunk (from cavernous carotid).

(p)  Greater palatine (aka descending palatine)

This fairly large vessel descends obliquely from its origin, travels in the 

greater palatine canal, and turns abruptly forward horizontally traveling 

medial to the maxillary teeth to supply the palate.

i.  Branches

– Lesser  palatine  artery.  Smaller  branch  or  branches  running 

parallel to the greater palatine, but in a separate bony canal, 

usually without a distal horizontal segment. May arise inde-

pendently from the IMA. 27

– Palatine  branch.  It  is  a  small  branch  turning  posteriorly  to 

supply  the  soft  palate  that  anastamoses  with  the  middle 

pharyngeal and/or the ascending palatine.
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– Septal branch. It is the terminal branch of the greater pala-

tine  at  the  incisive  canal.  It  supplies  the  nasal  septum  and 

anastamoses with sphenopalatine and ethmoidal arteries.

ii.  Territories

A major contributor to the blood supply of the hard palate, it also 

contributes to the mucosa and gingiva, the soft palate, and tonsils.6 Anastamotic  connections  can  exist  with  the  contralateral  greater 

palatine,  and  ipsilateral  middle  pharyngeal,  ascending  palatine, 

sphenopalatine, and even ethmoidal branches of the ophthalmic.19

iii.  Variants

–  Greater palatine may be hypoplastic or absent on one or both 

sides.

–  Bilateral hypolasia of the greater palatine can be seen in cleft 

palate syndrome.70

(q)  Sphenopalatine

It  is  a  major  branch  of  the  terminal  internal  maxillary  that  enters  the 

sphenopalatine foramen to supply the nasal cavity. The vessel can be a 

major source of bleeding in many cases of epistaxis. The sphenopalatine 

artery also supplies vascular lesions in the nasal cavity such as juvenile 

nasopharyngeal angiofibromas.

i.  Branches

–  Septal

It  is  a  small  branch  that  first  goes  straight  medially,  then 

takes a right angle cephalad, then another right angle medi-

ally before spreading out into the nasal septum. It also sup-

plies the superior turbinate in 72% of cases. 71

–  Lateral nasal (aka posterior lateral nasal)

This branch travels inferiorly, before ramifying along the nasal 

turbinates to supply the bulk of the mucosa in the nasal cavity.

ii.  Territories

Sphenopalatine  arteries  supply  the  mucosa  of  nasal  cavity  and 

are a very common source of bleeding in idiopathic epistaxis. They 

anastamose with ethmoidal branches of the ophthalmic, the greater 

palatine, and the septal branch of the superior labial artery. 6

iii.  Variants

None described.

2.  Territories (IMA)

The internal maxillary artery supplies bones in the mid-and lower face, mus-

cles  of  mastication  mucosa  in  the  nasal  cavity,  the  palate,  numerous  cranial 

nerves (III–VII) and large areas of dura.6 There are multiple potential anasta-moses  with  the  internal  carotid  directly,  the  ophthalmic  and  numerous  other 

vessels in the face and head.

3.  Variants (IMA)

(a)  Superficial-type  IMA  travels  lateral  to  lateral  pterygoid  and  is  associ-

ated  with  accessory  meningeal  arising  from  middle  meningeal  (and 

separate  origin  of  inferior  alveolar  and  middle  deep  temporal  directly 

from IMA) (Fig. 1.11).65, 66

(b)  Deep-type IMA travels medial to lateral pterygoid, and is associated with 

a common trunk giving rise to the inferior alveolar and middle deep tem-

poral arteries (and origin of accessory meningeal directly from IMA).65, 66 Hint: “Deep-type” IMA has common origin of inferior alveolar and middle Deep temporal (Fig. 1.12).

(c)  Rarely,  the  internal  maxillary  may  arise  as  a  common  trunk  with  the 

facial artery.72

 

1.3.9.       Other ECA branches

Variable unnamed branches of the ECA may be present. They are usually small 

and not well seen angiographically, unless they are involved with a vascular malfor-mation  or  neoplasm.  The  named  branches  that  occasionally  arise  from  the  external carotid, normally arise from one of its major branches:

(a)  Tiny carotid body branches may arise from the proximal external carotid 

itself, or from the origins of proximal branches of the external carotid.

(b)  Sternocleidomastoid branch (or branches) can arise from the external, but 

normally arise from the superior thyroid, occipital, or posterior auricular.
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Fig. 1.11 Internal maxillary artery, Superficial-type variant. The internal maxillary artery 

 

(IMA) travels lateral to the lateral pterygoid muscle, and is characterized by separate 

origins of the middle deep temporal (MDT) and inferior alveolar artery (IAA). The acces-

sory meningeal (AMA) arises from the proximal middle meningeal (MMA). Other IMA 

branches include deep auricular (DA), anterior tympanic (AT), posterior deep temporal 

(PDT), pterygoid branches (not shown), masseteric branches (MaB), buccal artery 

(BuA), anterior deep temporal (ADT), posterior superior alveolar (PSA), infraorbital 

(IOA), greater palatine (GPA), pterygo-vaginal (PVA), artery of foramen rotundum (AFR), 

sphenopalatine (Sph).

[image: ]

 

Fig. 1.12 Internal maxillary artery, deep-type variant. The deep type internal maxillary 

(IMA) is medial to the lateral pterygoid muscle. This variant has a common trunk (arrow) 

that gives rise to the middle deep temporal (MDT) and inferior alveolar artery (IAA). Also 

note separate origins of the accessory meningeal (AMA) and middle meningeal artery 

(MMA). Superficial temporal origin (STA) and distal external carotid (ECA) are also shown.

(c)  Superior  laryngeal  normally  originates  from  the  superior  thyroid,  but 

can arise separately from the external.

(d)  A recurrent pharyngeal branch to the upper oropharynx and palate can 

fill directly from the external carotid.27

(e)  Small branch to the stylomastoid muscle can fill from the distal external 

carotid.

(f)  Small masseteric branch can originate from the distal external carotid.
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(g)  Ascending palatine artery usually arises from the facial artery, but may 

originate directly from the proximal external carotid artery.

(h)  Transverse facial artery fairly frequently arises separately from the dis-

tal external carotid, although it is more often a branch of the superficial 

temporal.

 

1.4.        Internal carotid artery

 

Several  classification  schemes  exist  for  the  segments  of  the  ICA,  including 

various numbering systems (Fig. 1.13). The numbering systems can be confusing and needlessly arcane for the purposes of everyday clinical work. In everyday clinical prac-tice, the authors of this handbook favor the following simple system (corresponding to the description by Gibo and colleagues)77

1.  Cervical

2.  Petrous

3.  Cavernous

4.  Supraclinoid

The segmental nomenclature used by Bouthillier and coworkers will be used in this chapter for the purpose of anatomic description.78

The system established by Fischer in 1938 was intended to describe angiographic 

patterns  of  arterial  displacement  by  intracranial  tumors,  number  the  ICA  segments against the flow of blood, and exclude the extracranial ICA.79 Subsequent systems have included the cervical segment and have numbered the segments with the flow of blood.

 

1.4.1.       Cervical segment (C1)

This  segment  begins  at  the  carotid  bifurcation  and  ends  at  the  skull  base  and 

usually has no branches. The carotid bifurcation is usually at the level of C3. The ICA receives approximately 80% of flow from the CCA. The ICA is encircled by sympathetic fibers, and travels in the carotid sheath, which also contains the internal jugular vein and  the  vagus  nerve.  Some  authors  state  that  the  uppermost  portion  of  the  carotid sheath (superior to the nasopharynx) also contains cranial nerves IX, XI, and XII.

1.  Divisions

(a) Carotid bulb. Focal dilation of the ICA at the origin, measuring 7.4 mm 

in diameter on average, compared to 7.0 mm for the CCA and 4.7 mm for 

the ICA distal to the carotid bulb.80

(b) Ascending  cervical  segment.  The  diameter  remains  relatively  constant 

throughout its course. Coiling or complete looping of the vessel is seen in 

up to 15% of angiograms.1

2.  Branches: None.

[image: ]

 

Fig. 1.13  77–79  Selected segmental classification schemes of the internal carotid artery.
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3.  Variants

(a)  Position  of  origin.  The  carotid  bifurcation  can  be  found  as  low  as  T2  or 

as  high  as  C1.1  Rarely,  the  ICA  may  arise  directly  from  the  aortic  arch; in  these  cases  the  non-bifurcating  carotid  artery  gives  rise  to  all  of  the 

branches normally supplied by the ECA and then continues as the ICA.81

(b)  Agenesis and hypoplasia

i.  Congenital absence or hypoplasia of the ICA may occur sporadically 

in  a  association  with  other  congenital  anomalies,  such  as  anen-

cephaly or basal telangectasia.82 Intracranial aneurysms are asso-ciated in about 67% of cases. 83

ii.  Agenesis  of  the  ICA  has  a  prevalence  of  0.01%84  and  can  be  dis-

tinguished  from  ICA  occlusion  by  imaging  of  the  skull  base;  in 

patients  with  agenesis,  the  carotid  canal  is  absent.85  It  is  more frequent on the left.86

iii.  Bilateral ICA agenesis is seen in <10% of ICA agenesis cases86 and 

is associated with intracranial aneurysms in some 25% of cases. 87

iv  ICA  Hypoplasia  has  an  incidence  of  0.079%,86  and  should  not  be 

confused  with  diffuse  narrowing  of  the  ICA,  which  is  most  com-

monly seen with fibromuscular dysplasia, dissection, or secondary 

to  high-grade  atherosclerotic  stenosis.  Congenital  hypoplasia  can 

be distinguished from acquired stenosis by the presence of a small 

petrous carotid canal.85

(c)  Anomalous branches are rare but can include88

i.  Ascending pharyngeal artery

ii.  Superior thyroid artery

iii.  Occipital artery

iv.  Posterior meningeal artery

v.  Persistent stapedial artery

vi.  Vidian artery

(d)  Duplication and fenestration of the cervical ICA has been reported. 89, 90 (e)  Carotid–vertebrobasilar anastamoses. See below.

 

1.4.1.1.      Carotid–Vertebrobasilar anastomoses

Transient  connections  appear  during  development  between  the  carotid  and 

hindbrain  circulations.  These  anastomoses  usually  disappear  as  the  posterior  com-municating  arteries  develop;  in  rare  cases  these  vessels  persist  into  adulthood.  The most  common  of  these  is  the  persistent  fetal  origin  of  the  posterior  cerebral  artery, which has a prevalence of some 18–22% in the general population (see below). 91 Three of  the  four  other  embryonic  vessels  are  named  for  the  cranial  nerves  they  parallel. From superior to inferior, these persistent fetal vessels are (excepting the fetal PCA): trigeminal, otic, hypoglossal,  and proatlantal  intersegmental  arteries  (Fig.  1.14). A  mnemonic  for  this  uses  the  acronym TO(h)P:  The  primitive  anastomotic  vessels appear near the TO(h)P of the craniospinal axis.

1.  Persistent trigeminal artery

(a)  Most  common  carotid-basilar  anastomosis,  seen  in  some  0.1–0.2%  of 

angiograms. 33, 88

(b)  Extends from the cavernous ICA to the upper part of the basilar artery 

and often perforates the dorsum sella.

i.  The  vertebrobasilar  system  proximal  to  the  upper  basilar  artery 

may be hypoplastic, with the primitive trigeminal artery supplying 

most of the flow to the PCAs and the SCAs.

(c)  Two main variants.92 The relative prevalence of the two types is almost 

equal.93

i.  Saltzman  Type  I.  The  persistent  trigeminal  artery  supplies  the 

PCA  and  SCA  territories.  The  posterior  communicating  arteries 

and  the  basilar  artery  proximal  to  the  anastomosis  are  hypoplas-

tic.

ii.  Salzman  Type  II.  The  PCAs  are  supplied  by  the  posterior  com-

municating arteries, and the persistent trigeminal artery joins the 

basilar artery at the level of the SCAs.

(d)  Associated with intracranial aneurysms.

(e)  May  have  an  intrasellar  component  and  should  not  be  mistaken  for  a 

pituitary mass.94

2.  Persistent otic artery

(a)  Most rare carotid-basilar anastomosis.
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Fig. 1.14 Carotid–vertebrobasilar anastomoses. The most common configuration of each type of persistent embryologic connection between the carotid and vertebrobasilar 

system are shown. The persistent fetal origin of the PCA is illustrated in Fig. 1.20.

 (A) Persistent trigeminal artery; (B) Persistent otic artery; (C) Persistent hypoglossal 

artery; (D) Proatlantal intersegmental artery, Type I (dashed) and Type II (solid).

 

(b)  Extends  from  the  petrous  ICA  to  the  basilar  system  via  the  internal 

auditory canal.95, 96

(c)  The  existence  of  this  variant  is  controversial,  and  some  authors  argue 

that the otic artery does not exist as a separate entity.33

3.  Persistent hypoglossal artery

(a)  Second most common carotid-basilar anastomosis, seen in 0.03–0.26% of 

angiograms.97

(b)  Extends from the cervical ICA to the basilar artery via the hypoglossal 

canal.

i.  Arises from the ICA between the carotid bifurcation and C1.

ii.  The posterior communicating arteries may be absent.98 iii.  The ipsilateral vertebral artery is usually hypoplastic.

(c)  May be associated with an aneurysm. 99

4.  Proatlantal intersegmental artery

(a)  Extends from the cervical ICA or ECA to the vertebrobasilar system via 

the foramen magnum. Extremely rare.

(b)  Associated with aplasia or hypoplasia of the vertebral arteries in 50% of 

cases. 100
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(c)  Type I

i.  Arises from the ICA at C2–3, courses horizontally above the atlas, 

and gives rise to the ipsilateral vertebral artery.

ii.  More common than Type II.

(d)  Type II

i.  Arises from ICA and joins the vertebral artery at C1.

ii.  May have a common origin with the occipital artery.101

 

1.4.2.       Petrous segment (C2)

The petrous segment extends from the opening of the carotid canal in the skull 

base  to  the  posterior  edge  of  the  foramen  lacerum.  The  vertical  subsegment  transi-tions into the horizontal subsegment via the genu of the petrous ICA, which is a 90° bend in the vessel. At the entrance into the carotid canal, the carotid sheath splits into two layers; the inner layer continues as the periosteum of the carotid canal, and the outer layer is continuous with the periosteum of the inferior surface of the skull base. Post-ganglionic sympathetic fibers (internal carotid nerve) continue to travel with the ICA.  A  venous  plexus  also  surrounds  the  petrous  ICA;  the  existence  of  this  venous plexus has been proposed to effectively dampen the pulsation of the carotid, making it less perceptible by the adjacent hearing apparatus.102 In fact, anatomic specimens have shown that the venous plexus seems to be most prominent on the side of the ves-sel facing the cochlea, a finding that lends support to the theory (Fig. 1.15).

1.  Subsegments

(a)  Vertical

i.  Average length is 10.5 mm.103

(b) Horizontal

i.  Approximately twice the length of the vertical subsegment; average 

length is 20.5 mm.103

ii.  A  1-cm  length  of  this  segment  may  be  exposed  in  the  floor  of  the 

middle  fossa  lateral  to  the  trigeminal  nerve,  and  covered  by  dura 

only or a thin layer of cartilage.

2.  Branches

(a)  Normal  petrous  ICA  branches  are  visible  on  angiography  in  only  23% 

of  cases.104  In  a  cadaver  dissection  series,  the  petrous  ICA  was  found to have branches in only 38% of the specimens (a Vidian branch in was 

found in 30%, and a periosteal branch was present in 8%); the “carotico-

tympanic artery,” was not found in single case.103

(b)  Periosteal branch

i.  Arises at the entrance of the ICA into the carotid canal. Found in 

8% of the dissections.103
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Fig. 1.15 Relationship between the pericarotid venous plexus and the cochlea. 

Drawing of a histological section through the temporal bone showing that the pericarotid 

venous plexus (VP) is most developed on the side of the ICA facing the cochlea 

(C) IAC, internal auditory canal.
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(c)  Carticotympanic artery

i.  Commonly described branch of the petrous ICA, although its exist-

ence has been disputed by some authors.103

ii.  Arises from the petrous ICA near the genu and travels superiorly 

and posteriorly to the middle ear cavity.

iii.  Anastomoses with the ascending pharyngeal artery via the inferior 

tympanic artery.104

(d) Vidian artery (aka artery of the pterygoid canal)

i.  Small  branch  that  may  arise  from  the  horizontal  petrous  ICA 

and  travels  anteriorly  within  the  Vidian  (pterygoid)  canal  to  the 

pterygo-palatine fossa. The Vidian canal is in the floor of the sphe-

noid sinus and also contains the Vidian nerve.

–  The  Vidian  nerve  is  formed  by  the  combination  of  the  deep 

petrosal nerve (containing sympathetic fibers from the plexus 

surrounding  the  ICA)  and  the  greater  superficial  petrosal 

nerve (containing parasympathetic and sensory fibers).

ii.  Anastomoses with branches of the internal maxillary artery.

3.  Variants

(a)  Aberrant ICA.

i.  The  ICA  enters  the  temporal  bone  posterior  to  the  external  audi-

tory meatus, ascends between the facial canal and the jugular bulb, 

and passes within the middle ear cavity.

–  May present as a pulsitile mass within the middle ear or with 

hearing  loss;  this  variant  must  be  kept  in  mind  to  avoid  a 

potentially disastrous biopsy procedure.

–  Predilection for woman (67% of patients are female); 15% are 

bilateral.105

–  As  discussed  above,  the  so-called  “aberrant  ICA”  is  more 

appropriately termed ascending pharyngeal artery supplying 

collateral flow to segmentally atretic internal carotid. 18

(b)  Persistent stapedial artery

i  A rare, persistent embryonic vessel that appears as a branch of the 

vertical  segment  of  the  petrous  ICA,  travels  through  the  middle 

ear, and gives rise to the middle meningeal artery.106

(c)  Persistent  otic  artery  (described  with  the  other  carotid–vertebrobasilar 

anastomoses, above).

 

1.4.3.       Lacerum segment (C3)

The lacerum segment is a short part of the vessel that extends from the petrous 

ICA  to  the  cavernous  segment,  over  the  foramen  lacerum.  The  foramen  lacerum  is approximately  1-cm  long  and  is  filled  with  fibrocartilage,  amounting  to  a  “closed floor”  over  which  the  ICA  passes. 103  The  foramen  lacerum  is  not  a  true  foramen,  as no significant structures (other than the Vidian nerve) travel through it. The lacerum segment is separated from the cavernous segment by the petrolingual ligament. The petrolingual ligament is a small fold of periosteum that extends from the lingula of the sphenoid bone to the petrous apex, 107 and represents a continuation of the periosteum of the carotid canal. 78 The lacerum segment lies inferior to the trigeminal ganglion, and has thus been termed the “trigeminal segment” by some authors. 108 The foramen lacerum is vulnerable to wayward placement of needles or electrodes during percuta-neous procedures, such as foramen ovale instrumentation for trigeminal neuralgia.109 Among  patients  with  basilar  skull  fractures,  the  junction  between  the  lacerum  and cavernous  segments  is  the  most  frequently  fractured  segment  of  the  carotid  canal (62% of all carotid canal fractures occur at that site). 110

1.  Subsegments: None.

2.  Branches: None.

3.  Variants: None.

 

1.4.4.       Cavernous segment (C4)

The  cavernous  segment  is  S-shaped  and  extends  from  the  superior  margin 

of the petrolingual ligament, through the cavernous sinus, to the proximal dural ring (Fig. 1.16). This portion of the ICA is surrounded by areolar tissue, fat, postgangli-onic sympathetic fibers, and the interconnecting venous chambers of the cavernous 
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Fig. 1.16 Cavernous internal carotid artery.

 

Lateral view of the cavernous segment of the ICA. Major branches:

●      Posterior trunk

(a)  Tentorial artery (1)

(b)  Inferior hypophyseal artery (2)

(c)  Dorsal meningeal artery (3)

●      Lateral trunk

(a)  Anteromedial branch (4)

(b)  Anterolateral branch (5)

(c)  Posterior branch (6)

●   Medial branch group – not shown here because they arise from the opposite side 

of the ICA from that shown.

sinus. The ICA rests directly against the lateral surface of the body of the sphenoid bone in a groove called the carotid suclus, which defines the course of the cavernous segment of the ICA.111 The cavernous ICA also travels directly adjacent to the wall of the sphenoid sinus; a layer of bone less than 0.5-mm thick separates the artery from the sinus in almost 90% of cases, and a complete absence of bone between the artery and the sinus is present in nearly 10%. 111 In some cases, the ICA may actually extend  into  the  sphenoid  sinus,  an  anatomic  variant  that  should  be  kept  in  mind during surgery of the sphenoid sinus. The cavernous segment of the ICA forms the greater part of the carotid siphon (Fig. 1.17).

1.  Subsegments:112

(a)  Posterior vertical

(b)  Posterior bend

(c)  Horizontal

i.  Longest part of the cavernous ICA.

(d) Anterior bend

(e) Anterior vertical

2.  Branches:

(a)  The most prominent branches of the cavernous ICA can be divided into 

three groups.113 These branches are highly variable; the most consistent branches are the posterior and lateral trunks. 112

i.  Posterior  trunk  (aka  the  meningohypophyseal  artery)  arises  from 

the posterior bend of the cavernous ICA approximately 10 mm dis-

tal  to  the  foramen  lacerum.112  All  three  of  the  following  branches are found in some 70% of dissections:112

–  Tentorial artery. This vessel is the most consistent branch of 

the posterior trunk, being present in 100% of dissections.114 It has two branches:

(a)  Marginal  artery  of  the  tentorium  (aka  artery  of 

Bernasconi  and  Cassinari).115  Travels  posteriorly  along the medial edge of the tentorium. This artery may arise 

directly from the ICA.

(b)  Basal  tentorial  artery.  Travels  laterally  along  the 

border between the tentorium and the petrous ridge. 

Anastomoses  with  the  middle  meningeal  artery  and 

the dural arteries of the posterior fossa.5
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Fig. 1.17 Carotid siphon. The carotid siphon is an S-shaped part to the ICA; it begins 

 

[image: ]

at the posterior bend of the cavernous ICA and ends at the ICA bifurcation. It can have 

an open configuration (left) or a closed one (right), with obvious implications for the 

ease of endovascular navigation in this region. A closed siphon anatomy can be attrib-

uted in some cases to exaggerated tortuosity of the ICA, as can be seen in patients 

with advanced age or fibromuscular dysplasia.121 A CTA image of a closed siphon in a 

patient with an ophthalmic segment aneurysm (below).

 

–  Inferior hypophyseal artery

(a)  Travels  in  a  superior  and  medial  direction  to  supply 

the  posterior  lobe  of  the  pituitary  gland.116  It  anas-tomoses  with  the  superior  hypophyseal  artery,  the 

medial  branch  group,  and  the  contralateral  inferior 

hypophyseal artery.

–  Dorsal  meningeal  artery.  Two  branches  that  supply  dura  of 

the skull base:

(a)  Lateral clival artery

(b)  Dorsal (aka medial) clival artery

–  Recurrent artery of foramen lacerum: Tiny vessel that may anas-

tamose with the carotid branch of the ascending pharyngeal.19

ii.  Lateral  trunk  (aka  the  inferolateral  trunk,  artery  of  the  inferior 

cavernous  sinus,  or  lateral  main  stem)  arises  from  the  lateral 

aspect of the horizontal segment and travels superior to the abdu-

cens nerve to supply cranial nerves within the cavernous sinus. It 

is found in about 66% of dissections.113
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– Anteromedial  branch.  May  anastomose  with  the  ophthalmic 

artery via its recurrent meningeal branch.

– Anterolateral branch. May anastomose with the artery of the 

foramen rotundum.

– Posterior  branch.  May  anastomose  with  the  cavernous 

branches of the middle and accessory meningeal arteries.

– Superior branch. Very small vessel that may anastamose with 

ophthalmic.19

iii.  Medial  branch  group  (aka  capsular  arteries  of  McConnell)  arises 

from  the  most  superior  portion  of  the  cavernous  segment,  and 

supplies the pituitary gland. They are found in only about 28% of 

dissections.113

iv.  Other cavernous ICA branches:

–  Ophthalmic artery (found to arise from the cavernous segment, 

instead of the ophthalmic segment), in about 8% of cases117

–  Recurrent artery of the foramen lacerum

–  Artery of the Gasserian ganglion

3.  Variants:

(a)  Kissing intrasellar ICAs

i.  The  cavernous  ICA  may  extend  beyond  the  medial  wall  of  the 

cavernous  sinus  and  run  medially  in  the  sella  turcica.  The  ICAs 

approach within 4 mm of each other within the sella in some 10% of 

cases.118 Has been associated with acromegaly.119

(b)  Intercavernous ICA anastomoses

i.  Hypoplasia  or  agenesis  of  the  ICA  can  be  associated  with  an 

intercavernous ICA anastomosis, in which a large collateral vessel 

connects the cavernous carotid arteries.84, 85, 120

(c)  Persistent trigeminal artery (described with the other carotid–vertebro-

basilar anastomoses, above).

 

1.4.5.       Clinoidal segment (C5)

The clinoidal segment comprises a tiny wedge-shaped part of the ICA between the 

proximal and distal dural rings (Fig. 1.18). The anterior clinoid process lies superior and lateral to the clinoidal ICA, over the part of widest separation between the dural rings. Although this segment is described as “interdural,” the carotid is surrounded in this region by a “dural collar” that contains venous tributaries of the cavernous sinus, known  as  the  clinoid  venous  plexus. 114  These  venous  channels  extend  to  the  distal dural ring and have implications for surgery in this region.

1.  Subsegments: None

2.  Branches: The ophthalmic artery may arise from the clinoidal segment in rare 

cases.1

3.  Variants: None.

 

1.4.6.       Ophthalmic segment (C6)

The  ophthalmic  segment  is  the  most  proximal  intradural  part  of  the  ICA  and 

extends from the distal dural ring to the origin of the posterior communicating artery. The  average  length  is  9.6 mm.77  The  optic  nerve  travels  superior  and  medial  to  the ICA in this region, and the sphenoid sinus is anterior and inferior. The optic strut is a  bony  process  that  extends  between  the  base  of  the  anterior  clinoid  to  the  body  of the sphenoid bone. The optic strut separates the optic canal from the superior orbital fissure, and the identification of the optic strut on CT can help distinguish cavernous segment aneurysms from ophthalmic segment aneurysms. 123

1.  Subsegments: None.

2.  Branches:

(a) Ophthalmic artery (Fig. 1.19)

i.  The  ophthalmic  artery  arises  from  the  anterior  aspect  of  the  ICA 

medial to the anterior clinoid process. The vessel originates distal to 

or at the distal dural ring in > 90% of cases; in about 8% of cases, the 

vessel  arises  from  the  cavernous  segment.117  The  artery  then  usu-ally travels inferior and lateral to the optic nerve in the optic canal. 

Within  the  orbit,  the  ophthalmic  artery  loops  inferior  and  lateral 
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Fig. 1.18 Clinoidal segment

 

The clinoidal segment is defined by the proximal (P) and distal (D) dural rings, which are 

related to one another at an angle, like two dinner plates nearly touching on one edge. 

The space between the dural rings is wide on the lateral aspect of the ICA and small 

on the medial aspect, where the dural rings come closest together. The medial part of 

the distal dural ring is incomplete; this region, which includes the proximal portion of the 

ophthalmic segment, is known as the “carotid cave” and is a site for aneurysm forma-

tion. 108, 122 The anterior clinoid process (AC) extends like a thumb over the clinoidal segment; the relationships between the dural rings and the anterior clinoid are variable. 

OA, ophthalmic artery; OS, optic strut; M, medial; L, lateral.

 

to  the  optic  nerve  in  83%  of  cases,  and  then  approaches  the  globe 

along its medial aspect. In 17% of cases, the ophthalmic artery stays 

medial and inferior to the optic nerve throughout its course.117

ii.  The  diameter  of  the  ophthalmic  artery  at  the  origin  averages 

1.4 mm (range, 0.9–2.1 mm).124

iii.  Ophthalmic artery branches. The ophthalmic artery branches are 

highly variable, and anastomoses with the branches of the external 

carotid  artery  are  extensive.  Ophthalmic  artery  branches  can  be 

divided into three groups:

1.  Ocular group

(a)  Central retinal artery

i.  Arises  from  the  ophthalmic  artery  as  a  single 

trunk  or  in  common  with  a  posterior  cilliary 

artery, then penetrates the optic sheath and optic 

nerve to supply the retina.124 The central retinal artery  is  a  terminal  branch  of  the  ophthalmic 

artery and a true end-artery, with no appreciable 

collateral  circulation.  Occlusion  of  the  central 

retinal artery usually results in loss of vision.

ii.  The  inner  diameter  averages  400 µm  (range, 

300–600     124 µ m).
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Fig. 1.19 Ophthalmic artery.

 

Superior and lateral views of the ophthalmic artery (OA). In 83% of cases, the OA passes around  the  lateral  aspect  of  the  optic  nerve  (left);  in  the  remaining  cases  the  OA  stays medial to the optic nerve (right). Significant branches include:

1.  Recurrent meningeal arteries

2.  Posterior ethmoidal artery

3.  Muscular branches

4.  Central retinal artery

5.  Ciliary arteries (anterior and posterior)

6.  Lacrimal artery

7.  Anterior falx artery

The OA can be divided into three segments:129

1.  Segment 1. Extends from the entrance of the OA into the orbit to the point where 

the vessel changes direction to cross over or under the optic nerve.

2.  Segment 2. Short part of the vessel as it passes over or under the nerve.

3.  Segment 3. Extends from the bend in the vessel on the medial aspect of the optic 

nerve, to the edge of the orbit.

The safety point, beyond which embolization can be done with minimal risk of emboliza-tion of the retina, is generally thought to be anywhere beyond Segment 2.130

 

(b)  Cilliary arteries

i.  Divided  into  posterior  and  anterior  cilliary 

arteries,  these  vessels  produce  the choroidal blush seen on lateral angiography.

2.  Orbital group

(a)  Lacrimal artery

i.  The lacrimal artery arises from the ophthalmic 

artery  adjacent  to  the  optic  nerve  and  passes 

along  the  lateral  rectus  muscle  to  irrigate  the 

lacrimal gland and conjunctiva. It anastomoses 

anteriorly with branches of the superficial tem-

poral artery, and with multiple branches of the 

internal maxillary artery.125

ii.  A  significant  branch  of  the  lacrimal  artery  is 

the  recurrent  meningeal  artery,  which  travels 

back and out of the orbit through the superior 

orbital fissure, and anastomoses with the mid-

dle meningeal artery.
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(b)  Muscular branches

i.  Arteries  that  irrigate  the  extraocular  muscles 

and  periosteum  of  the  orbit;  each  branch  is 

named for the structure it irrigates (e.g., mus-

cular branch to the medial rectus).

3.  Extraorbital group

(a)  Ethmoidal arteries

i.  These vessels supply the upper nasal mucosa and 

anastomose with branches of the  sphenopalatine 

branches of the internal maxillary artery. They 

also  perforate  the  cribriform  plate  to  irrigate 

the dura of the anterior fossa.

ii.  Anterior ethmoidal artery

1.  Gives  rise  to  the  anterior  falx  artery 

which  enters  the  intracranial  space  via 

the foramen cecum.

iii.  Posterior ethmoidal artery

1.  Anastomoses with branches of the sphen-

opalatine artery.

(b)  Palpebral artery

i.  Divides  into  medial,  inferior  medial,  and 

superior  medial  palpebral  branches. 117  These branches  anastomose  with  the  frontal  branch 

of  the  superficial  temporal  artery  and  the 

infraorbital  branch  of  the  internal  maxillary 

artery.

(c)  Terminal portion of the ophthalmic artery

i.  The  ophthalmic  artery  terminates  by  dividing 

into the

1.  Supratrochlear branch

a.  Anastomoses  with  branches  of  the 

superficial temporal artery.

2.  Dorsal nasal branch

a.  Anastomoses  with  branches  of  the 

facial artery.

iv.  Ophthalmic artery variants

Several  anomalous  origins  of  the  ophthalmic  artery  have  been 

described. The most common is a middle meningeal artery origin, 

seen in nearly 16% of cases in a dissection series126 (conversely, an ophthalmic origin of the middle meningeal artery is seen in about 

0.5%  of  the  angiograms.).44  Other  reported  anomalous  origins include the cavernous ICA, the MCA, ACA, or PCA, and the basilar 

artery.117

(b) Superior hypophyseal artery

i.  There  is  an  average  of  1.8  superior  hypophyseal  arteries  arising 

from  the  ICA,  and  most  originate  within  5 mm  of  the  ophthal-

mic  artery  origin.127  Superior  hypophyseal  arteries  appear  in two  forms:  in  42%  of  cases,  a  single  large  artery  branches  like  a 

candelabra  into  smaller  branches,  and  in  the  remaining  cases, 

two or three hypophyseal arteries are present. 127 The vessels then travel toward the origin of the pituitary stalk and connect with the 

branches of the contralateral superior hypophyseal artery and the 

posterior  communicating  arteries  to  form  a  circuminfundibular 

anastomosis. 127  The  superior  hypophyseal  arteries  and  the  circu-minfundibular plexus are distributed to the pituitary stalk and the 

anterior  lobe  of  the  pituitary  (the  inferior  hypophyseal  branch  of 

the meningohypophyseal artery irrigates the posterior lobe).77

(c) Perforating branches

i.  Several  perforating  branches  arise  from  the  ophthalmic  segment 

that are not properly included with the superior hypophyseal arter-

ies. They arise from the posterior or medial aspect of the ICA and 

primarily irrigate the optic chiasm, the optic nerve, the floor of the 

third ventricle, and the optic tract.77

3.  Variants:  Most  discussions  of  anatomic  variants  of  the  ophthalmic  seg-

ment  of  the  ICA  are  limited  to  anomalous  origins  of  the  ophthalmic  artery 

(see  above).  A  fenestration  of  the  ophthalmic  segment  of  the  ICA  has  been 

reported.128
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The communicating segment begins just proximal to the origin of the posterior 

communicating artery and ends with the bifurcation of the ICA into the ACA and the MCA. The average length is 10.6 mm. 77

1.  Branches

(a) Posterior communicating artery

i.  The  posterior  communicating  artery  arises  from  the  ICA  at  an 

average  of  9.6 mm  distal  to  the  ophthalmic  artery  and  9.7 mm 

proximal  to  the  ICA  bifurcation.77  It  travels  posteromedially  an average distance of 12 mm, to join the PCA at the junction between 

the P1 and P2 segments.

ii.  Branches.  The  number  of  perforating  arteries  ranges  from  four  to 

14, with an average of 7.8.77 These branches terminate in the floor of the third ventricle, the posterior perforated substance, optic tract, 

pituitary  stalk,  and  optic  chiasm.131  These  perforators  reach  the thalamus,  hypothalamus,  and  internal  capsule.  These  vessels  are 

called  the  anterior  thalamoperforators  (to  distinguish  them  from 

the thalamoperforators that arise from the P1 segment); the largest 

and the most constant of these is the premamillary artery.91

iii.  Variants

1.  Persistent  fetal  origin.  A  “fetal  configuration”  is  defined  as 

a  prominent  P-comm  artery  that  gives  rise  to,  and  has  the 

same  diameter  of,  the  P2  segment  of  the  PCA  (Fig.  1.20). This anatomy is present in 18–22% of cases.91 The associated ipsilateral P1 segment is usually hypoplastic.

2.  Infundibulum. A funnel-shaped origin of the P-comm artery 

(see below).

3.  Hypoplasia.  Although  a  “hypoplastic”  P-comm  artery  is 

present in upto 34% of the dissections, the complete absence 

of the vessel is very rare.91

4.  Absence. Complete absence of the P-comm artery is found in 

0.6% of the dissections.132

5.  Fenestration of the P-comm artery has been reported.133

[image: ]

 

Fig. 1.20 Persistant fetal configuration of the posterior communicating artery. A posterior communicating artery is a “fetal” variant (arrow) when the diameter of the vessel is equal 

to the diameter of the P2 segment it connects to.
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(b) Anterior choroidal artery

i.  The  anterior  choroidal  artery  (Fig.  1.21)  arises  from  the  posterola-

teral aspect of the ICA, 2–4 mm distal to the posterior communicating 

artery, and an average of 5.6 mm proximal to the ICA bifurcation. 77 The diameter of the vessel averages 1.0 mm 77, and is duplicated in 4% of cases. 134 The anterior choroidal artery has two segments:

1. Cisternal  segment.  From  the  ICA,  the  vessel  travels  in  a 

posterior direction, sweeping first medially, then laterally to 

pass  around  the  cerebral  peduncle.  The  anterior  choroidal 

artery then angles upward as it passes through the choroidal 

fissure to enter the temporal horn of the lateral ventricle. The 

cisternal  segment  averages  24 mm  in  length  and  gives  rise 

to an average of eight perforating branches;134 these are the branches  of  the  anterior  choroidal  artery  that  irrigate  most 

of the vital structures that are vulnerable to ischemic injury 

with anterior choroidal artery occlusion.

2. Intraventricular  segment.  Within  the  ventricle,  the  anterior 

choroidal artery travels with the choroid plexus, anastomosing 

with branches of the lateral posterior choroidal artery in this 

region. The artery then arcs up and around the thalamus, and 

in some cases it reaches as far as the Foramen of Monro and 

anastomoses with branches of the medial posterior choroidal 

artery. Branches from the intraventricular segment supply to 

the optic tract, lateral geniculate body and thalamus. 135

ii.  Territories

1.  The anterior choroidal artery sends the branches, in decreas-

ing  order  of  frequency,  to  the  optic  tract,  cerebral  peduncle, 

lateral  geniculate  body,  uncus,  and  temporal  lobe.77  The brain  structures  irrigated  by  these  branches  include  the 

optic  radiations,  globus  pallidus,  midbrain,  thalamus,  and 

posterior limb of the internal capsule. Occlusion of the ante-

rior  choroidal  artery  can  produce  contralateral  hemiplegia, 

hemianesthesia,  hemianopia,  memory  loss,  and  somnolence. 

Regions of the brain affected by the anterior choroidal artery 

occlusion on CT include the posterior limb of the internal cap-
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Fig. 1.21 Anterior choroidal artery. On a lateral angiogram, the cisternal segment 

of the anterior choroidal artery has a characteristic gentle, undulating appearance as 

it passes around the cerebral peduncle. A kink appears in the vessel (the plexal point, 

(black arrow) ) where it enters the temporal horn. The posterior communicating artery (white arrow) travels inferior and parallel to the anterior choroidal artery.
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sule,  the  retrolenticular  portion  of  the  internal  capsule,  the 

internal  portion  of  the  globus  pallidus,  and  the  lateral  tha-

lamus.136 The severity of neurologic change after occlusion of the vessel is highly variable, however, presumably because of 

varying anastomoses with the posterior choroidal arteries as 

well as the PCA (and less commonly, the ACA and MCA). This 

variability  was  demonstrated  by  a  functional  neurosurgeon, 

Irving S. Cooper.137 During a subtemporal approach for a cer-ebral pedunculotomy to treat a patient with Parkinson’s dis-

ease,  Cooper  occluded  the  anterior  choroidal  artery  because 

of an inadvertent injury to the vessel. The patient awoke after 

surgery  with  complete  resolution  of  his  tremor  and  rigidity, 

without  any  persistent  hemiparesis.  Deliberate  occlusion  of 

the  anterior  choroidal  artery  was  undertaken  for  the  treat-

ment of Parkinson’s disease in the 1950s.138

iii.  Variants

1.  Ectopic origin. Seen in 4% of the dissections.135

(a)  The  anterior  choroidal  artery  may  originate  from  the 

MCA or PCA.

(b)  Rarely, the anterior choroidal artery may originate from the 

ICA proximal to the posterior communicating artery.139

2.  Absence of the anterior choroidal artery is seen in 3% of angi-

ograms.140

3.  Hyperplasia, in which the anterior choroidal artery supplies 

part of the PCA territory, is seen in 2.3% of angiograms.140

(c) Perforating branches

i.  Perforators arising from the communicating segment extend to the 

optic tract, floor of the third ventricle, and the anterior perforated 

substance.77

 

1.4.8.       The infundibulum: a normal variant

An infundibulum is a conical, triangular, or funnel-shaped dilatation at the origin 

of an artery, and is found most commonly at the junction of the posterior communica-tion artery and ICA (Fig. 1.22). At this location, an infundibulum has been defined as a symmetric bulge at the origin of the P-comm, with a maximum diameter of 3 mm. 141, 142 The authors of this handbook have also found infundibula at the P-comm-PCA junction, the P2 segment, in the anterior communicating artery complex, the ophthalmic artery origin,  and  at  the  origin  of  the  anterior  choroidal  artery.  The  reported  prevalence  of infundibula on otherwise normal angiograms is 7–15%.143–145 In some 25% of cases, the P-comm infundibula are present bilaterally. Angiographic criteria for infundibular dila-tion include round or conical in shape, ≤ 3 mm in the maximum diameter, without aneu-rysmal neck, and with a posterior communicating artery arising from its apex.141
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Fig. 1.22 Posterior communicating artery infundibulum.
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The circle of Willis is the ring of intercon-
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necting  vessels  that  encircles  the  pituitary 

infundibulum  and  provides  important  collat-

eral circulation between the carotid territories 

and  the  vertebrobasilar  system  (Fig.  1.23).  It is  actually  a  nonagon,  a  nine-sided  structure, 

rather  than  a  circle.  Although  it  bears  the 

name  of  Thomas  Willis  (named  in  honor  of 

Willis by his student Lower), who described the 

structure  in  1664  in  a  publication  illustrated 

by Sir Christopher Wren,146 earlier anatomists had  recognized  an  arterial  circle  at  the  base 

of  the  brain.147  Although  a  complete  circle  of Willis  is  present  in  some  90%  of  individuals, 

a well-developed and symmetric circle is found 

in  <50%  of  cases. 148  In  some  60%  of  cases,  at least  one  component  of  the  circle  is  relatively 

hypoplastic  and  diminished  in  its  capacity 

to  provide  collateral  flow.1  Asymmetry  of  the          Fig. 1.23 Circle of Willis. circle of Willis results in significant asymmetry 

of  flow,149  and  is  an  important  factor  in  the  development  of  intracranial  aneurysms and in ischemic stroke. Patients with aneurysms are more likely to have asymmetry or an anomaly of the circle,150 and the presence of a nonfunctional anterior collateral pathway in the circle of Willis in patients with ICA occlusive disease is strongly asso-ciated with ischemic stroke. 151 The individual components of the circle are discussed separately in this handbook. Anatomic variations that cause asymmetry of the circle are listed in Table 1.6.

 

Table 1.6 Sources of asymmetry in the circle of Willis

Vessel                        Variant                Incidence

A1 segment                       Hypoplastic                       10%152

Absent                                1 1–2%

A-comm artery                                                         153 Absent 5%

P-Comm artery                     Hyperplastic (Fetal)                  18–22%91

Hypoplastic                              91 34% Absent                                132 0.6%

ICA                              Hypoplastic                       0.079%86

Absent                                 84 0.01%

P1 segment                       Hypoplastic                       15–22%

Absent                           Rare132

 

1.6.        Anterior cerebral artery

 

Several  classification  schemes  for  the  ACA  have  been  described.  The  simplest  and 

most common system includes three segments (Fig. 1.24):

1.  A1. From ICA to anterior communicating artery

2.  A2. From anterior communicating artery to the origins of the pericallosal and 

supramarginal arteries

3.  A3. Distal branches
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artery complex

The  A1  segment  (aka  the  precommu-

nicating  segment)1  extends  from  the  ICA bifurcation in a medial and superior direction 

to its junction with the anterior communicat-

ing artery within or just inferior to the inter-

hemispheric fissure. It travels superior to the 

optic chiasm or optic nerves and inferior to the 

anterior  perforated  substance.  The  A-comm 

complex  is  highly  variable  and  may  take  one 

of  the  four  main  patterns  (Fig.  1.25).  The A-comm artery averages 4.0 mm in length and 

1.7 mm in diameter.154

1.  Branches.

(a)  A1  perforating  branches  can  be 

divided  into  superior  and  infe-

rior branches

i.  Some    2–15    superior 

branches  are  medial  len-    Fig. 1.24 Anterior cerebral artery. Left ticulostriate  arteries  that  lateral oblique view of the left ACA.

travel  superiorly  and  pos-

teriorly  into  the  anterior  perforated  substance  and  supply  the 

anterior hypothalamus, septum pellucidum, anterior commissure, 

fornix, and the anterior striatum.152

ii.  Inferior branches supply the optic chiasm and optic nerves.

(b)  A-comm branches

i.  Perforating  branches  of  the  A-comm  artery  can  be  divided  into 

subcallosal,  hypothalamic,  and  chiasmatic  branches,  according  to 

their vascular territories.154 The subcallosal branch is usually sin-gle and the largest branch of the A-comm; it supplies the septum 

pellucidum,  columns  of  the  fornix,  corpus  callosum  and  lamina 

terminalis.155 The hypothalamic branches are smaller and multiple. A chiasmatic branch is present in only 20% of cases. 154

(c)  Recurrent artery of Heubner, most often an A2 branch, may arise from 

the A1 segment in upto 17% of cases and from the ACA-A-comm junction 

in 35% of cases.156, 157 (See below for further discussion of Heubner).

2.  Variants

(a)  A1 variants

i.  Asymmetry. The left and right A1 segments are asymmetric in size 

in upto 80% of cases.5 About 10% of the A1 vessels are hypoplastic (defined as having a diameter of           152 ≤ 1.5 mm).

ii.  Absence. Absence of one A1 segment is seen in 1–2% of cases.1 iii.  Persistent  olfactory  artery.  Rare  anomaly  in  which  a  persistent 

primitive olfactory artery travels from the ICA, along the olfactory 

tract, to supply the distal ACA territory.158 May by associated with an aneurysm.159
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Fig. 1.25 Anterior communicating artery complex. In most cases, the A-comm complex 

[image: ]

assumes one of the four configurations.154 A, A single, or duplicated A-comm forms a 

bridge between the ACAs. B, A single large branch arises from the A-comm. C, The 

A-comm vessel is not present, and the two ACAs join together directly. D, Azygos ACA.
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iv.  Infraoptic ACA. In rare cases the A1 segment may travel inferior to 

or through the optic nerve. 160–162 Associated with aneurysms.

v.  Fenestration  of  the  A1  segment  is  rare  and  is  associated  with 

aneurysms. 163–165

vi.  Accessory  ACA.  An  atypical  branch  of  the  ICA  courses  under  the 

optic nerve and ACA to give rise to the orbitofrontal and frontopo-

lar arteries.166

vii. Anomalous  origins  of  the  A1  from  the  cavernous  ICA167,  from  the 

ICA at or proximal to the ophthalmic artery,168 and from the con-tralateral ICA169 have been reported.

(b)  A-comm  artery  variants.  Some  227  A-comm  artery  complex  variations 

have been described. 170 A “normal” A-comm artery, in which single ves-sel  forms  a  link  between  two  non-anomalous  ACAs,  is  present  in  only 

about 40% of cases. 154, 156, 170, 171 Anomalous A-comm anatomy is present in  the  remaining  60%  of  cases.  In  an  autopsy  study,  these  patterns 

included plexiform (i.e., multiple complex vascular channels, 33%), dim-

ple  (i.e.,  incomplete  fenestration,  33%),  fenestration  (21%),  duplication 

(18%), string (18%), fusion (12%), median artery of the corpus callosum 

(6%), and azygos ACA (3%).154 The A-comm artery is absent in some 5% of cases. 153

 

1.6.2.       A2 segment

The  A2  segment  travels  in  a  vertical  direction  from  the  A-comm  artery  to  its 

division into the pericallosal and callosomarginal arteries, adjacent to the genu of the corpus callosum. Defined in this way, the A2 segment is analogous to the M1 segment of the MCA, which is defined in this handbook as ending with its bifurcation into the superior and inferior divisions. Although the authors of this handbook prefer this defi-nition of the A2 segment, it is somewhat problematic, as some 18% of the hemispheres do  not  have  a  definite  callosomarginal  branch.172  Other  authors  have  defined  the A2–A3 junction as the part of the ACA immediately anterior to the corpus callosum genu 1 5  or at the junction between the rostrum and genu of the corpus callosum.

Defined  as  extending  from  the  A-comm  to  the  origin  of  the  callosomarginal 

artery,  the  length  of  the  A2  segment  averages  43 mm. 172  The  left  and  right  A2  seg-ments usually travel together in the interhemispheric fissure, although the right A2 is more often (72% of cases) anterior to the left A2 in the sagittal plane.172

1.  Branches

(a) Perforators. Perforating branches of the A2 segment are located along the 

first 5 mm of the segment, and penetrate the brain at the gyrus rectus 

and olfactory sulcus.156

(b) Recurrent artery of Heubner. This vessel, which is a large lenticulostri-

ate vessel, arises from the A2 segment in most (57–78%) cases. 152, 156 It doubles  back  and  runs  in  the  opposite  direction  to  the  A1  segment  to 

enter the lateral anterior perforated substance lateral to the ICA bifur-

cation.157 The vessel supplies the head of the caudate nucleus, anterior limb  of  the  internal  capsule,  and  the  anterior  third  of  the  putamen. 173 Although  it  is  often  not  large  enough  to  be  seen  on  angiography,  it  is 

regularly identified during surgery of the A-comm complex; inadvertent 

occlusion of the vessel can occur by pinching the vessel during retraction 

of the frontal lobe. Isolated infarction of the territory of this vessel can 

be clinically silent, or produce a hemiparesis that is most prominent in 

the face and upper extremity. 5

(c) Orbitofrontal artery. This artery is the first cortical branch of the A2 seg-

ment, and may appear as two or three vessels, rather than single branch. 172 The artery runs close to the midline in an anterior direction to the gyrus 

rectus, olfactory bulb, and medial aspect of the inferior frontal lobe.

(d) Frontopolar artery. This artery may also appear as a group of vessels and 

usually arises from the distal A2 segment, below the corpus callosum. It 

travels anteriorly and superiorly towards the frontal pole.

2.  Variants

(a) Bihemispheric ACA. In this variant, one A2 segment is hypoplastic and 

the other A2 vessel irrigates both the hemispheres. Present in upto 7% 

of cases.172

(b) Azygos ACA. This is defined as a single unpaired A2 segment that arises 

from  the  junction  of  the  A1s  (Fig.  1.26).  It  is  present  in  <  1%  of  the 
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general  population;174  as  many  as  41%  of  patients  with  an  azygos  ACA have  a  terminal  aneurysm. 175,  176  This  anomaly  is  also  associated  with holoprosencephaly.177

(c) Duplicated A2. More than one A2 segment has been reported in upto 13% 

of cases.1 In some cases, this may represent persistence of the primitive median artery of the corpus callosum, 1 154  which is found in 6% of cases.

(d) Superior anterior communicating artery. An anomalous communicating 

vessel  between  the  ACAs  near  the  corpus  callosum  has  been  described 

and is associated with aneurysms.178

 

1.6.3.       A3 branches

The “A3 branches” include all the ACA branches distal to the origin of the perical-

losal and callosomarginal arteries (Fig. 1.27). Other authors have further subdivided the  distal  ACA  into  A4  and  A5  segments;79,  172  in  this  system,  the  A3  segment  is defined as the part of the ACA that extends around the genu of the corpus callosum, and the A4 and A5 segments comprise the part of the ACA that travels posteriorly over the corpus callosum. The A4 and A5 segments are separated by the coronal suture. 172 The distal ACA branches have extensive anastomoses with distal branches of the MCA and  PCA.  These  connecting  vessels,  arising  from  the  furthest  reaches  of  the  intrac-ranial circulation, comprise the watershed zones; the corresponding territories of the brain are the most vulnerable to ischemia during hemodynamic failure.
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Fig. 1.26 Azygos anterior cerebral artery. In an azygos anterior cerebral artery, both A1 

segments join to form single A2 segment.
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Fig. 1.27 Distal ACA branches. (1) Orbitofrontal artery; (2) Frontopolar artery; (3) Anterior internal frontal artery; (4) Middle internal frontal artery; (5) Posterior internal frontal artery; 

 

(6) Paracentral artery; (7) Superior parietal artery; (8) Inferior parietal artery; 

(9) Callosomarginal artery; (10) Pericallosal artery.

1.  Branches

(a) Pericallosal artery. The pericallosal artery comprises the main trunk of 

the  ACA  as  it  passes  posteriorly  over  the  corpus  callosum.  It  gives  off 

multiple small branches (“short callosal arteries”)172 that travel laterally along  the  corpus  callosum  (Fig.  1.28)  and  anastomoses  with  the  sple-nial  artery  (the  “posterior  pericallosal  branch”),  a  branch  of  the  PCA. 

Infrequently, a “long callosal artery” may be present, which is a branch 

of and runs parallel to the pericallosal artery. 172

(b) Callosomarginal artery. The callosomarginal artery is the second largest 

distal branch of the ACA, after the pericallosal artery. It travels superi-

orly  over  the  cingulate  gyrus  to  run  in  a  posterior  direction  within  the 

cingulate sulcus. It is absent in 18% of the hemispheres.172
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Fig. 1.28 The smile and the mustache. During the late arterial phase of an AP 

angiogram (high magnification, inset), the branches of the pericallosal artery curve 

upward along the surface of the corpus callosum, forming a smile (left, black arrows). 

Branches of the callosomarginal artery curve downward, forming a mustache (left, white arrows). This pattern is nicely demonstrated in a photograph of the senior author of this 

handbook (right). Black bars have been placed across his eyes to protect his privacy 

and to comply with HIPAA regulations.
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(c) Internal  frontal  branches.  These  branches  are  identified  according  to 

which  part  of  the  superior  frontal  gyrus  they  supply.  They  may  arise 

from the pericallosal or the callosomarginal artery.

i.  Anterior internal frontal arteries

ii.  Middle internal frontal arteries

iii.  Posterior internal frontal arteries

(d) Paracentral  artery.  This  vessel  arises  from  the  pericallosal  or  callos-

omarginal artery midway between the genu and splenium of the corpus 

callosum, to supply the paracentral lobule.

(e) Parietal  arteries.  These  are  the  final  and  most  distal  branches  of  the 

ACA. They supply the medial aspect of the hemisphere above the corpus 

callosum,  and  most  of  the  precuneus 179  anastomose  with  the  parieto-occipital branch of the PCA. They can be divided into:

i.  Superior parietal artery

ii.  Inferior parietal artery

2.  Variants

(a)  Branches to the contralateral hemisphere are found in some 64% of the 

brains. 172

(b)  Although  the  anatomy  of  the  distal  ACA  branches  are  highly  variable, 

true developmental anomalies in this region are uncommon.1

Mnemonic for the Cortical ACA Branches

On Frontal Imaging, Find Peace and Prosperity

Orbitofrontal Artery

Frontopolar Artery

Internal Frontal Branches (Anterior, Middle, and Posterior)

Paracentral Artery

Parietal Arteries (Superior and Inferior)

The  two Ps  at  the  end  of  the  mnemonic  also  serve  to  remind  the  reader  of  the 

Posterior Pericallosal artery, which anastomose with the distal end of the ACA.

 

1.7.        Middle cerebral artery
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Most classification schemes divide the MCA 

into  four  segments.  The  authors  of  this  hand-

book favor the following system (Fig. 1.29):

1.  M1  From  ICA  to  the  bifurcation  (or  tri-

furcation)

2.  M2  From  the  MCA  bifurcation  to  the 

circular sulcus of the insula

3.  M3  From  the  circular  sulcus  to  the 

superficial aspect of the sylvian fissure

4.  M4 Cortical branches

 

Fig. 1.29 Middle cerebral artery.
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1.7.1.       M1 segment

The  M1  segment  (aka  horizontal  segment  or  sphenoidal  segment 180)  arises 

from the ICA and travels in a lateral direction, parallel to the sphenoid wing, and terminates  by  dividing  into  the  M2  segments.  The  M1  origin  is  usually  twice  the size  of  the  A1  origin.1  Although  most  anatomic  studies  define  the  M1  segment  as the ending where the MCA branches take a 90° turn within the sylvian fissure 79, 180 (and  thus  having  both prebifurcation  and postbifurcation  subsegments),  the  divi-sion  point  of  the  main  MCA  trunk  is  considered  by  most  clinicians  to  be  the  M1/ M2 junction.5 The MCA bifurcates in 71% of cases, trifurcates in 20% of cases, and divides into four branches in 9% of cases. 181 The M1 segment averages about 16 mm in length.181

1.  Branches

(a) Lateral  lenticulostriate  branches.  Approximately  80%  of  the  lenticu-

lostriates that arise from the MCA arise from the M1 segment. These 

branches average 10 in number,181, 182 and most arise from the superior aspect  of  the  M1  segment.  They  enter  the  anterior  perforated  sub-

stance  to  supply  the  anterior  commissure,  internal  capsule,  caudate 

nucleus, putamen, globus pallidus, and substantia innominata.

(b) Anterior  temporal  artery.  The  anterior  temporal  artery  typically  arises 

near the midpoint of the M1 segment. Less commonly, it arises from the 

inferior  division  (an  M2  segment)  or  as  part  of  an  M1  trifurcation.  It 

travels  in  an  anterior  and  inferior  direction  over  the  temporal  tip  and 

does not usually enter the sylvian fissure itself.1 It supplies the anterior temporal lobe.

2.  Variants

(a) MCA  duplication.  This  anomaly  consists  of  a  large  MCA  branch  aris-

ing from the ICA proximal to the ICA bifurcation, and has a frequency 

of  0.2–2.9%.183  This  vessel  travels  parallel  and  inferior  to  the  main  M1 segment  and  primarily  supplies  the  anterior  temporal  lobe.183,  184  It  is associated with aneurysms. 185, 186

(b) Accessory MCA. An accessory MCA arises from the ACA and runs paral-

lel  to  the  M1  segment,  and  has  a  frequency  of  0.3–4.0%. 183,  187  There  is the  Manelfe  classification  of  accessory  MCA:188  Type  1  arises  from  the carotid (aka MCA duplication), type 2 from the A1 segment, and type 3 

from the A2 segment. The accessory MCA primarily supplies the orbitof-

rontal area 180                                                     185, 189 , and is also associated with aneurysms. This anomaly should be not be confused with a large recurrent artery of Heubner.190

(c)  191  Aplasia  . Aplasia of the MCA is rare and is associated with aneurysms.

(d)  184  Fenestration  . Fenestration of the M1 segment has been reported.

 

1.7.2.       M2 segments

The M2 segments (aka insular segments) extend from the main division point of 

the M1 segment, over the insula within the sylvian fissure, and terminate at the circu-lar sulcus of the insula. The MCA divisions are equal in diameter and size to cortical area in 18% of the hemispheres; the superior division is larger (dominant) in 28% of the hemispheres and the inferior division is larger in 32% of the hemispheres.180 The cortical area supplied by the superior division usually extends from the orbitofrontal area to the posterior parietal area. The cortical area supplied by the inferior division usually extends from the temporal pole to the angular area. The M2 segments number from six to eight vessels at the point of transition into the M3 segments.

 

1.7.3.       M3 segments

The M3 segments (aka opercular segments) begin at the circular sulcus of the 

insula  and  end  at  the  surface  of  the  sylvian  fissure.  These  vessels  travel  over the surface of the frontal and temporal opercula to reach the external surface of the sylvian fissure. The M3 branches, together with the M2 vessels, give rise to the stem arteries, which in turn give off the cortical branches. There are usually eight stem arteries  per  hemisphere,  and  each  one  typically  gives  rise  to  one  to  five  cortical branches.180
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The M4 branches (aka cortical branches) begin at the surface of the sylvian fis-

sure  and  extend  over  the  surface  of  the  cerebral  hemisphere  (Figs.  1.30, 1.31).  The smallest cortical branches arise from the anterior sylvian fissure and the largest ones emerge  from  the  posterior  sylvian  fissure.180  The  cortical  branches  can  be  grouped according to the region of the cortex that they supply; any given region may have a sin-gle artery or several arteries supplying it. The following 12-subdivision system is in common usage.1, 180, 192 Although each branch is discussed as a single artery, any given cortical artery may actually exist as several branches (up to five) from a single stem artery.

1. Orbitofrontal artery. May arise from the M1 or M2 segment, and may share a 

common origin with the prefrontal artery. Travels within the anterior horizon-

tal ramus of the sylvian fissure to supply orbital surface of the frontal lobe.

2. Prefrontal  artery.  May  share  a  common  origin  with  the  orbitofrontal  artery. 

Supplies the opercular part of the inferior frontal gyrus and most of the middle 

frontal gyrus.

3. Precentral  artery.  Travels  within  the  precentral  sulcus.  Supplies  part  of  the 

inferior frontal gyrus and the inferior part of the precentral gyrus.

4. Central  artery.  (aka  Rolandic  artery)  Travels  within  the  central  sulcus.  May 

share a common origin with the anterior parietal artery. Largest MCA branch 

to the frontal lobe.180 Supplies the superior part of the precentral gyrus and the 

inferior half of the postcentral gyrus.

5. Anterior  parietal  artery.  May  arise  with  the  central  artery  or  the  posterior 

parietal artery. Travels in the postcentral sulcus. Supplies the superior part of 
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Fig. 1.30 MCA cortical branches.

The most common branching pattern of the MCA is shown:

  1.  Anterior parietal artery

  2.  Posterior parietal artery

  3.  Angular artery

  4.  Temporo-occipital artery

  5.  Posterior temporal artery

  6.  Middle temporal artery

  7.  Anterior temporal artery

  8.  Temporopolar artery

  9.  Orbitofrontal artery

10.  Prefrontal artery

11.  Precentral artery

12.  Central artery
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Fig. 1.31 Mnemonic for the cortical MCA branches.

 

Because of the astonishing coincidence that there are 12 cortical branches and 12 h on the clock, the cortical branches can be remembered by assigning each one to an hour of the day. The central artery occupies the central position on the clock, that of high noon. The position of the angular artery at 3 o’clock, reflects the importance of that vital artery, because, as we all know, 3 o’clock was the time that school let out when we were kids. The middle temporal artery is at 6 o’clock, which is in the middle position at the bottom of the clock. The orbitofrontal artery is at the extreme left position, at 9 o’clock, which is appropri-ate because the orbitofrontal artery is the most extreme anterior branch of the MCA.

 

the postcentral gyrus, the upper part of the central sulcus, the anterior part of 

the inferior parietal lobule, and the anteroinferior part of the superior parietal 

lobule.

6. Posterior parietal artery. The most posterior ascending branch of the MCA. May 

share a common trunk with the anterior parietal artery or the angular artery. 

Supplies the posterior part of the superior and inferior parietal lobules, includ-

ing the supramarginal gyrus.

7. Angular artery. The terminal and largest branch of the MCA. It emerges from 

the  posterior  end  of  the  sylvian  fissure  to  travel  over  the  superior  temporal 

gyrus  and  terminate  over  the  superior  half  of  the  occipital  lobe.  Supplies  the 

posterior part of the superior temporal gyrus, and parts of the supramarginal 

and angular gyri, and superior parts of the lateral occipital lobe.

8. Temporo-occipital artery. May share an origin with the angular artery. Supplies 

the  posterior  half  of  the  superior  temporal  gyrus,  the  posterior  extent  of  the 

middle and inferior gyri, and the inferior parts of the lateral occipital lobe.

9. Posterior  temporal  artery.  Leaves  the  posterior  sylvian  fissure  and  crosses 

over the superior and middle temporal gyri. Supplies the middle and posterior 

parts of the superior temporal gyrus, the posterior third of the middle temporal 

gyrus, and the posterior extent of the inferior temporal gyrus.

10. Middle  temporal  artery.  Emerges  from  the  middle  of  the  sylvian  fissure. 

Supplies the middle parts of the temporal gyri.
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11. Anterior  temporal  artery  Passes  inferiorly  and  posteriorly  over  the  temporal 

lobe, and terminates in the middle temporal sulcus. Supplies the anterior parts 

of the superior, middle, and inferior temporal gyri.

12. Temporopolar artery. Supplies the anterior pole of the temporal lobe.

The cortical branches can be grouped according to which lobe they supply:192

1. Frontal lobe. Orbitofrontal, prefrontal, precentral, and central arteries

2. Parietal lobe. Anterior and posterior parietal arteries and angular artery

3. Temporal lobe. Temporopolar, anterior, middle and posterior temporal arteries, 

and temporooccipital artery

4. Occipital lobe. Temporo-occipital artery

The cortical branches can also be grouped according to which M2 segment they arise from:180

1. Superior division. Orbitofrontal, prefrontal, precentral, and central arteries.

2. Inferior division. Temporopolar, temporo-occipital, angular, and anterior, mid-

dle, and posterior temporal arteries.

3. Dominant division (these branches may arise from either division, and usually 

come  off  of  the  larger  of  the  MCA  divisions).  Anterior  and  posterior  parietal 

arteries.

 

1.8.        Posterior cerebral artery

 

Most classification schemes for the PCA include three or four segments. The fol-

lowing system is the most common (Fig. 1.32):

1.  P1  From  the  basilar  artery  bifurcation  to  the  junction  with  the  P-comm 

artery.

2.  P2 From the P-comm artery to the posterior aspect of the midbrain.

3.  P3 From the posterior aspect of the midbrain to the calcarine fissure.

4.  P4  The  terminal  branches  of  the  PCA  distal  to  the  anterior  limit  of  the  cal-

carine fissure.
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Fig. 1.32 Posterior cerebral artery. The most common PCA configuration is on the left, 

and the persistent fetal origin of the PCA is on the right.
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The PCA branches can be divided into three categories:

1.  Perforating branches, to the brainstem and thalamus.

2.  Ventricular branches.

3.  Cortical branches.

Perforating branches arise from the P1 and P2 segments. Ventricular branches origi-nate  mostly  from  the  P2  segment.  Cortical  branches  arise  from  the  P2,  P3,  and  P4 segments.  Perforating  arteries  are  divided  into  direct  branches,  which  pass  directly into the brain, and circumflex vessels, which travel around the brainstem for various distances before entering the brain (Fig. 1.33).

 

1.8.2.       P1 segment

The P1 segment (aka precommunicating, mesencephalic or horizontal segment) 

lies immediately superior to the oculomotor and trochlear nerves. The average length is 6.6 mm; when a fetal PCA is present, the vessel averages 8.6 mm in length. 193

1.  Branches.

(a)  Perforators

i.  Direct  perforating  branches  (aka  posterior  thalamoperforating 

arteries)  from  the  P1  segment  pass  directly  into  the  brainstem. 

These  are  termed  the  posterior  thalamoperforators  to  distinguish 

them  from  the  anterior  thalamoperforators,  which  arise  from 

the  P-comm  artery.  These  vessels  average  2.7  in  number, 193  and arise  from  the  posterior  and  superior  aspects  of  the  P1  segment, 
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Fig. 1.33 Major branches of the posterior cerebral artery. (1) Posterior communicating 

artery; (2) Hippocampal artery; (3) Posteromedial choroidal artery; (4) Anterior temporal artery; (5) Middle temporal artery; (6) Posterior temporal artery; (7) Posterolateral choroi-

dal artery; (8) Splenial artery; (9) Parieto-occipital artery; (10) Calcarine artery.
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although,  rarely,  they  may  arise  from  the  anterior  aspect  of  the 

vessel.131  The  direct  perforators  enter  the  brain  medial  cerebral peduncles and posterior perforated substance to supply parts of the 

thalamus, brainstem, and posterior internal capsule.

ii.  Circumflex  arteries.  The  circumflex  arteries  (aka  peduncular, 

mesencephalic,  or  tegmental  thalamoperforating  arteries)  arise 

from  the  P1  and  P2  segments  and  encircle  the  midbrain  parallel 

and  medial  to  the  PCA.  They  are  subdivided  into  short  and  long 

circumflex arteries. The short and long circumflex arteries number 

0.8 and 1.3 per hemisphere, respectively.193

1. Short circumflex arteries. One or more short circumflex arter-

ies travel a short distance around the brainstem before enter-

ing the brain, and reach only as far as the geniculate bodies. 

Most short circumflex arteries arising from P1 terminate at 

the posterolateral border of the peduncle.193

2. Long circumflex arteries. Up to three long circumflex arteries 

(aka  quadrigeminal  arteries)  pass  around  the  brainstem,  to 

supply  the  geniculate  bodies  and  superior  colliculi.  It  arises 

from  the  PCA  distal  to  the  origin  of  the  short  circumflex 

arteries;  in  80%  of  cases  they  arise  from  P1  and  in  the 

remaining  cases  they  arise  from  P2.193  The  long  circumflex artery anastomoses with the branches of the superior cerebel-

lar arteries.

(b)  Posteromedial  choroidal  artery.  This  vessel  usually  arises  from  the  P2 

segment (see below), but arises from the P1 segment in 12% of cases.193

(c)  Meningeal branch (aka artery of Davidoff and Schecter). A small branch 

from the P1 segment to supply a midline strip of the inferior surface of 

the tentorium may be enlarged by pathological processes.194

2.  Variants

(a)  Side-to-side asymmetry of the P1 segments common, being present 

in  52%  of  angiograms.195  When  a  fetal  P-comm  artery  is  present, the ipsilateral P1 is typically hypoplastic, and may not fill notice-

ably on angiography, making it appear to be absent or occluded.

(b)  In  some  persistent  carotid–vertebrobasilar  anastomoses,  the  PCA 

may be supplied by branches from the carotid system (see above).

(c)  True anomalies of the P1 segment are uncommon, accounting for 

3%  of  cases  in  an  autopsy  series.196  These  included  a  duplication, fenestration, and a bilateral shared origin of the PCA and SCA.

(d)  Congenital absence of the P1 is rare.131 (e)  There  may  be  a  prominent  perforating  branch  that  supplies  por-

tions of both the ipsilateral and contralateral thalamus and poten-

tially  mid-brain,  as  well.197  This  perforator  has  been  called  the artery of Percheron.198, 199

 

1.8.3.       P2 segment

The  P2  segment  (aka  ambient  segment)  is  relatively  long,  averaging  50 mm  in 

length.193 It is subdivided by some authors into an anterior half and a posterior half for discussion of surgical approaches.193 The P2 segment begins at the P-comm artery junction  and  travels  around  the  lateral  aspect  of  the  midbrain  within  the  ambient cistern, parallel and inferior to the basal vein of Rosenthal. Other adjacent structures are  the  trochlear  nerve,  the  free  edge  of  the  tentorium,  and  the  superior  cerebellar artery.

1.  Branches

(a)  Perforators

i.  Direct perforators

1.  Thalamogeniculate arteries arise from the midportion of the 

P2 segment, and arise in a superior and lateral direction to 

perforate  the  inferior  surface  of  the  geniculate  bodies.  They 

number  1–3  per  hemisphere,193,  200  and  supply  the  posterior half of the lateral thalamus, the posterior limb of the internal 

capsule, and the optic tract.

2.  Peduncular  perforating  arteries  pass  directly  into  the  cer-

ebral  peduncle  and  supply  multiple  structures  within  the 
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brainstem  as  well  as  parts  of  the  oculomotor  nerve.  They 

average 2.8 per hemisphere. 193

ii.  Circumflex arteries. The circumflex arteries usually arise from the 

P1  segment.  In  20%  of  cases,  however,  the  long  circumflex  artery 

arises from the P2 segment.193

(b)  Posteromedial choroidal artery (Fig. 1.34). This vessel (aka medial pos-

terior choroidal artery) is single in 54% of the hemispheres and may be 

duplicated  or  triplicated. 193  The  vessel  arises  from  the  P2  segment  in most  cases.  Other  sites  of  origin  of  the  posteromedial  choroidal  artery 

are  the  P1  segment  (12%),  P3  segment  (4%),  parieto-occipital  artery 

(10%), and calcarine artery (3%),193 or, rarely, the basilar artery.201 The posteromedial choroidal artery has two segments:

i.  Cisternal  segment.  This  segment  averages  42 mm  in  length.202

From its origin, the vessel curves around the brainstem medial to 

the main trunk of the PCA and gives off small tegmental branches 

before  it  turns  forward  adjacent  to  the  pineal  gland  to  enter  the 

roof  of  the  third  ventricle.  The  tegmental  branches  irrigate  por-

tions  of  the  midbrain,  tectal  plate,  pineal  gland,  thalamus,  and 

medial geniculate body.

ii.  Plexal  segment.  This  segment  travels  anteriorly  within  the  velum 

interpositum  between  the  thalami,  adjacent  to  the  internal  cer-

ebral vein and the contralateral medical posterior choroidal artery. 

It travels through the foramen of Monro to enter the choroid plexus 

of the lateral ventricle, and anastomose with the terminal branches 

of the lateral posterior choroidal artery. Branches from the plexal 

segment irrigate the choroid plexus of the third ventricle, as well 

as the thalamus and the stria medullaris.202
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Fig. 1.34 Posteromedial choroidal artery. The undulating course of the posteromedial 

choroidal artery as it passes over the quadrigeminal plate, gives it a characteristic undu-

lating “3” pattern ( arrows).
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(c)  Posterolateral  choroi-

dal  arteries.  Unlike 

the    posteromedial choroidal  artery,  the 

posterolateral  choroi-

dal  arteries  are  mul-

tiple  in  the  majority 

(84%)  of  cases202  and number  up  to  nine 

(average:  4).193  They arise from the P2 seg-

ment in 51% of cases; 

other  sites  of  origin 

include  the  parieto-

occipital  (13%),  ante-

rior  temporal  (10%), 

hippocampal    (8%), posterior    temporal (9%),  posteromedial 

choroidal  (4%),  cal-

carine  (2%),  or  mid-

dle  temporal  artery 

(2%).193  Size  of  these                Fig. 1.35 The PCA pitchhfork. vessels  are  inversely  A distinctive identifying landmark of the PCA on a 

proportional  to  the  lateral  view  is  the  “pitchhfork”  appearance  of  the 

size  of  the  anterior  take-off  of  the  posterior  temporal  artery  from  the 

choroidal  artery.203 main trunk of the PCA. Visualization of this feature 

The    posterolateral can  help  distinguish  the  PCA  from  other  arteries choroidal    arteries    on a cluttered angiogram. travel  laterally  to 

enter  the  choroidal 

fissure, and have two 

segments:

i.  Cisternal segment. The cisternal segment averages 23 mm in length 

and  sends  branches  to  the  thalamus,  geniculate  bodies,  fornix, 

cerebral  peduncle,  pineal  body,  corpus  callosum,  tegmentum,  and 

temporal occipital cortex.202

ii.  Plexal segment. This segment begins with the passage of the lateral 

posterior  choroidal  arteries  through  the  choroidal  fissure  lateral 

to the ambient cistern at the level of the temporal horn or atrium. 

They  travel  along  the  medial  border  of  the  choroid  plexus  in  the 

lateral  ventricle,  eventually  intermingling  with  branches  of  the 

medial posterior choroidal artery in the body of the ventricle and 

at the foramen of Monro.202 Branches from plexal segment vessels irrigate the choroid plexus and penetrate the ventricular surfaces 

of the thalamus and fornix.

(d)  Hippocampal artery. A hippocampal artery arises from the P2 segment 

in 64% of cases; when present, it is the first cortical branch of the PCA.193 This artery supplies the uncus, hippocampal gyrus, hippocampal forma-

tion,  and  dentate  gyrus.  Some  authors  include  the  hippocampal  artery 

with the inferior temporal arteries.193

(e)  Inferior temporal arteries. The inferior temporal arteries are distinguished 

from the temporal arteries, which are branches of the MCA. The inferior 

temporal arteries are variable and may appear as a single initial branch of 

the P2 segment, called a common temporal artery (aka lateral division of 

the PCA or lateral occipital artery), which is seen in 16% of cases.193

i.  Anterior  inferior  temporal  artery.  The  anterior  temporal  artery  is 

usually the second cortical branch of the PCA. It may be duplicated. 

It travels anteriorly and laterally inferior to the hippocampal gyrus, 

and anastomoses with anterior temporal branches of the MCA.195

ii.  Middle  inferior  temporal  artery.  A  middle  temporal  artery  is 

present in 38% of the hemispheres, and supplies the inferior sur-

face of the temporal lobe.193

iii. Posterior  inferior  temporal  artery  (Fig.  1.35).  The  posterior  tem-

poral artery is a prominent branch of the PCA and usually arises 

from the inferior and lateral aspect of the P2 segment and travels 

obliquely toward the occipital pole. It supplies the inferior temporal 
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and  occipital  surfaces.  This  vessel  arises  from  the  P3  segment  in 

6% of cases.

(f)  Parieto-occipital  artery.  The  parieto-occipital  artery  arises  as  a  single 

trunk  from  the  P2  segment  slightly  more  commonly  than  from  the  P3 

segment.193 It travels posteriorly and laterally within the parieto-occip-ital fissure, which separates the parietal lobe from the occipital lobe, to 

supply the posterior parasagittal region, cuneus, precuneus, and lateral 

occipital gyrus. In 24% of cases it sends branches through the choroidal 

fissure into the lateral ventricle.

(g)  Calcarine  artery.  The  calcarine  artery  arises  from  the  P2  segment 

slightly less commonly than from the P3 segment (see below).

(h)  Splenial  artery.  The  splenial  artery  originates  from  the  P2  segment  in 

4% of cases (see below).193

(i)  Artery of Davidoff and Schechter. (aka dural branch) Generally only seen 

in pathological conditions, this artery supplies the apex of the tentorium, 

walls of the vein of Galen, and then curves forward along the free edge of 

the falx cerebri.204 It can also provide some collateral supply to the supe-rior vermis and inferior colliculi.205 The artery of Davidoff and Schechter is  often  difficult  to  see  angiographically,  even  when  enlarged,  due  to 

superimposition with other PCA branches. It is more commonly seen on 

the left.206

2.  Variants.

(a)  Anomalous  origin  of  cortical  branches.  In  rare  cases,  the  parieto-occip-

ital, posterior temporal, or calcarine artery may arise directly from the 

ICA.1, 207 Similarly, anomalous anterior choroidal artery supply to tempo-ral, parietal and occipital cortical regions normally supplied by branches 

of the PCA has been reported.208

 

1.8.4.       P3 segment

The P3 segment (aka quadrigeminal segment) extends in a medial and posterior 

direction from the quadrigeminal plate to the anterior limit of the calcarine fissure, and averages 20 mm in length. The P3 segments from each side approach each other. The point where the two PCAs are nearest to each other is referred to as the collicular, or  quadrigeminal  point;  this  separation  averages  8.9 mm. 193  The  PCA  often  divides into its two terminal branches (the calcarine and parieto-occipital arteries) between the quadrigeminal plate and the calcarine fissure.

1.  Branches

(a)  Parieto-occipital artery. The parieto-occipital artery arises from the P3 

segment in 46% of the hemispheres (see above).

(b)  Posterolateral choroidal artery. This vessel arises from the P3 segment 

in 11% of cases (see above). 202

 

1.8.5.       P4 segment

The P4 segment begins at the anterior limit of the calcarine fissure, and includes 

one  of  the  two  main  terminal  branches  of  the  PCA,  the  calcarine  artery.  The  other main terminal branch of the PCA, the parieto-occipital artery, frequently arises from the P2 or P3 segment.

1.  Branches

(a)  Calcarine  artery.  The  calcarine  artery  travels  posteriorly  and  medially 

within the calcarine fissure to reach the occipital pole. It is duplicated in 10% 

of cases, and arises from the parieto-occipital artery in 10% of cases. 193 The calcarine artery sends branches to the lingual gyrus and inferior cuneus, and 

primarily supplies visual cortex.

(b)  Splenial  artery.  The  splenial  artery  (aka  posterior  pericallosal  artery) 

arises  from  the  parieto-occipital  artery  in  62%  of  cases,  but  may  arise 

from the calcarine (12%), posteromedial choroidal (8%), posterior tem-

poral (6%), P2 or P3 segments (4% each) or the posterolateral choroidal 

artery  (4%). 193  The  splenial  artery  is  relatively  constant  and  travels superiorly  around  the  splenium  of  the  corpus  callosum  to  anastomose 

with the pericallosal artery.
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Most classification schemes divide the verte-
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bral artery into four segments (Fig. 1.36).

1.  V1  From  the  subclavian  artery  to  the 

foramen tranversarium of C6.

2.  V2  From  C6  to  the  foramen  transver-

sarium of C1.

3.  V3 From the C1 to the dura.

4.  V4  Intradural  part  of  the  vertebral 

artery.

 

1.9.1.       V1 segment

The  V1  segment  (aka  extraosseous  seg-

ment)  arises  from  the  posterosuperior  wall 

of the subclavian artery (Fig. 1.37), travels in a  superior  and  posterior  direction.  It  passes 

posterior  to  the  anterior  scalene  muscles  and 

enters the transverse foramen of the C6 (90% 

of  most  cases),  C5  (7%)  or  C7  (3%).  Supplies 

the stellate ganglion.209

1.  Variants.

(a) Anomalous  origin.  The  left  ver-

tebral artery arises directly from 

the  aortic  arch  in  about  0.5%  of 

cases.1  Anomalous  origins  of  the right  vertebral  artery  from  the 

arch,210 of both vertebral arteries from the arch,211 and of the right vertebral  artery  from  the  right 

common  carotid  artery212  have been reported.

(b) Duplication  and  fenestration. 

Duplication213  or  fenestration  of          Fig. 1.36 Vertebral artery. the vertebral artery are found in 

<1% of dissections.113

 

1.9.2.       V2 segment

The  V2  segment  (aka  foramenal  segment)  travels  in  a  vertical  direction  within 

the  foramen  transversaria,  usually  from  C6  to  C2.  It  is  surrounded  by  sympathetic fibers (although this is now debatable 214) from the stellate ganglion and by a venous plexus that covers the entire V2 segment and drains through the vertebral vein into the  subclavian  or  internal  jugular  veins.215  The  vertebral  vein  (or  veins)  is  usually large and directly anterior to the vertebral artery. 216

1.  Branches

(a) Spinal branches. These branches (aka radiculomedullary branches) arise 

from the vertebral artery from C1 to C5 and may vary in the number and 

side of origin. 215, 216 They supply the spinal cord as well as the periosteum and bone of the vertebrae.

(b) Muscular branches. Multiple small muscular branches arise from the V2 

segment to supply the cervical muscles.

(c) Artery  of  the  cervical  enlargement.  The  artery  of  the  cervical  enlarge-

ment  usually  arises  from  both  vertebral  arteries  in  the  region  of  C4 

to  C6  and  anastomoses  with  the  anterior  spinal  artery  to  supply  the 

ventral  aspect  of  the  spinal  cord.  This  vessel  may  also  arise  from  the 

thyrocervical trunk. 5

(d) Anterior  meningeal  artery.  Originates  from  the  distal  V2  segment  and 

supplies the dura around the foramen magnum and extends up the clivus. 
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Fig. 1.37 Vertebral artery origin. Anterolateral view of a cervical spine CT angiogram showing the right vertebral artery (arrow) arising from the posterior wall of the subclavian artery. The optimal angiographic projection is usually an AP view with 20–30° of Townes.

 

Forms collaterals with the ascending pharyngeal via the odontoid arcade 

and the dural branches of the ascending pharyngeal, and with the inter-

nal carotid via the meningohypophyseal trunk branches.

(e) Posterior  meningeal  artery.  Arises  near  the  foramen  magnum  and  sup-

plies the medial occipital dura and the falx cerebelli.

(f)                                                                                    217 PICA . Rarely, the PICA may originate at the C1 level.

 

1.9.3.       V3 segment

The  V3  segment  (aka  extraspinal  segment)  begins  as  the  vertebral  artery,  and 

exits the transervse foramen of C1 on the medial side of the lateral rectus muscle of the head. It then travels in a horizontal and medial direction superior to the posterior arch of C1 and runs inferior to the posterior atlanto-occipital membrane before turn-ing superiorly and anteriorly to penetrate the dura.

1.  Branches

(a) PICA. In some 5–20% of cases, the PICA has an extradural origin, usu-

ally  from  the  V3  segment.217  In  these  cases  the  PICA  may  originate  at any point along the V3 segment.

 

1.9.4.       V4 segment

The V4 segment is the intradural part of the vertebral artery and extends from its 

entrance through the dura to the junction with the opposite vertebral artery. The dura is thickened and it forms a fibrous dural ring around the vertebral artery.218 The length of  the  V4  segment  averages  22 mm.219  The  left  and  right  V4  segments  usually  come together at the level of the pontomedullary junction. The branches of the intradural ver-tebral artery can be separated into medial branches (including the anterior spinal artery 
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1.  Branches

(a) Posterior  inferior  cerebellar  artery  (PICA).  The  PICA  is  the  largest  and 

most complex of the cerebellar arteries (Fig. 1.38). It originates approxi-mately  16–17 mm  proximal  to  the  vertebrobasilar  junction,  an  average 

of  8.6 mm  superior  to  the  foramen  magnum.220  The  territory  supplied by  the  PICA  includes  lower  medulla  and  inferior  aspects  of  the  fourth 

ventricle,  cerebellar  tonsils,  vermis,  and  inferolateral  cerebellar  hemi-

sphere. The PICA arises from the vertebral artery and travels postero-

laterally  around  the  medulla.  Over  the  dorsal  aspect  of  the  brainstem, 

the  vessel  travels  inferiorly  for  a  variable  distance  –  sometimes  as  far 

south as C2 – then forms a loop (the caudal loop) and turns 180° to travel superiorly adjacent to the cerebellar tonsil. The vessel then reaches its 

superior extent and forms another loop (the cranial loop) and then trav-els inferiorly and laterally to emerge over the cerebellar hemisphere (Fig.  1.39).  The  PICA  can  be  divided  into  five  segments,  detailed  below.  The first four segments can be remembered by using the acronym, ALPS.

i.  Anterior medullary segment. Extends from the origin to the inferior 

olivary prominence. In some 40% of cases, there is no anterior med-

ullary segment, because the PICA arises lateral, rather than ante-

rior to the medulla. 220 220  This segment averages one perforator.

ii.  Lateral  medullary  segment.  Extends  from  the  inferior  olivary 

prominence  to  the  origins  of  the  ninth,  10th,  and  11th  cranial 

nerves, and averages 1.8 perforators.220

[image: ]

 

Fig. 1.38 Posterior inferior cerebellar artery. Lateral view of the brainstem and cerebellum. The segments of the PICA include the anterior medullary (A), lateral medullary 

(L), posterior medullary (P), supratonsillar (S), and cortical (C) segments. Arrow indicates 

the choroidal point. The artist was inspired to depict the Swiss Alps in the background.
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Fig. 1.39 The choroidal point. The single most important anatomical fact about the PICA 

 

for neurointerventionalists has to do with the cranial loop (arrow), aka the choroidal point.

The choroidal point is the superior-most point of the PICA. The PICA gives off branches to 

the brainstem proximal to the choroidal point but not distal to it. Occlusion of the PICA at 

or distal to the choroidal point does not usually result in a functionally 

significant ischemic injury, because of anastomotic connections with AICA and SCA.226, 227

 

iii.  Posterior  medullary  segment.  This  segment,  aka  tonsillomedul-

lary segment, begins where the PICA passes posterior to the lower 

cranial  nerves  and  ends  where  the  ascending  vessel  reaches  the 

midlevel of the medial surface of the tonsil. It passes immediately 

posterior  to  the  roof  of  the  lower  half  of  the  fourth  ventricle,  and 

averages 3.3 perforators.220

iv.  Supratonsillar  segment.  This  segment,  aka  telovelotonsillar  seg-

ment, begins midway up the tonsil, includes the cranial loop, and 

ends where the PICA exits the fissures between the vermis, tonsil, 

and  cerebellar  hemisphere  to  reach  the  cortical  surface.  On  a 

lateral  angiogram,  the  supratonsillar  segment  outlines  the  tonsil 

along its anterior, superior, and posterior aspects.5

v.  Cortical segments. These segments are also known as hemispheric 

branches. The PICA often bifurcates into medial and lateral trunks 

where  the  vessel  emerges  onto  the  inferior  cortical  surface.  The 

medial trunk gives rise to the vermian and tonsillar branches, and 

the lateral trunk produces the hemispheric branches.

vi.  PICA branches.
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1.  Perforators

(a)  Direct  perforators.  These  branches  travel  directly  into  the 

brainstem, and are found in all three medullary segments.

(b)  Circumflex  perforators.  These  perforators  travel  around 

the brainstem for some distance before entering it. These 

vessels arise mostly from the lateral and posterior medul-

lary segments.

2.  Choroidal  arteries.  Branches  to  the  choroid  plexus  of  the 

fourth  ventricle  arise  from  the  posterior  and  supratonsillar 

segments.

3.  Cortical arteries

(a)  Vermian branches

(b)  Tonsillar branches

(c)  Hemispheric branches

4.  Meningeal branches. The posterior meningeal artery and the 

artery of the falx cerebelli may arise from the PICA.

vii. PICA variants

1.  Anomalous  origin.  Extradural  origin  of  the  PICA  is  found 

in 5–20% of cases (see above). Origination of the PICA from 

the  ICA,221                                            222  the  posterior  meningeal  artery,  a  hypoglossal artery,223 and a proatlantal artery223 have been reported.

2.  Duplication.  The  PICA  is  duplicated  in  some  2.5–6%  of 

cases.220

3.  Hypoplasia.  The  PICA  is  hypoplastic  in  5–16%  of  the  hemi-

spheres.223, 224

4.  Absence. The PICA is absent on one side in 15–26% of cases 

and on both sides in 2% of cases.223, 224

5.  A shared AICA-PICA trunk is a normal variant.1 6.  In 0.2% of cases, the vertebral artery terminates in PICA.1.

(b) Perforators. An average of 4.2 perforators arise directly from each verte-

bral artery and supply lateral medulla, inferior cerebellar peduncle, and 

the medullary surface of the cerebellum.219

(c) Anterior spinal artery. The anterior spinal artery arises from the verte-

bral artery 6.5 mm proximal to the vertebrobasilar junction219 and trav-els in an inferior direction to supply the anterior surface of the medulla 

and  spinal  cord.  In  about  50%  of  cases  a  small  communicating  artery 

(the  anterior  spinal  communicating  artery)  connects  the  left  and  right 

anterior spinal arteries on the anterior surface of the medulla. 219

(d) Branches of the foramen caecum. In about one third of cases, branches of 

the  vertebral  artery  travel  superiorly  to  supply  the  foramen  caecum  at 

the base of the pons.219

(e) Lateral  spinal  artery.  The  lateral  spinal  artery  may  arise  from  the  V4 

segment or from the PICA,225 and may be difficult to see on angiography.5 It  originates  lateral  to  the  medulla  and  travels  in  a  caudal  direction, 

anterior to the posterior spinal nerve roots and posterior to the dentate 

ligament. It supplies the 11th cranial nerve and the lateral and posterior 

surfaces of the cord via branches to the C1–C4 spinal nerves.

(f) Meningeal  branches.  The  posterior  meningeal  artery  and  the  artery  of 

the falx cerebelli may arise from the PICA.

 

1.10.      Basilar artery

 

The basilar artery originates at the pontomedullary junction, travels anterior to 

the pons, and terminates near pontomesencephalic junction. The normal vessel aver-ages  32 mm  in  length131  and  travels  in  the  midline,  or  at  least  medial  to  the  lateral margins of the clivus, in 98% of cases. 228 The course of the vessel is straight in 45% of cases, curved in 35%, and tortuous in 20%.229 The outer diameter is typically constant, averaging 4.1 mm in adults, 230 except for a widening at the basilar bifurcation, giving it a “cobra-like appearance,” in 16% of cases.131

1.  Branches

(a) Anterior  inferior  cerebellar  artery  (AICA).  The  AICA  arises  from  the 

basilar artery at an average of 9.6 mm distal to the vertebrobasilar junc-

tion.229 It travels in a posterior, inferior and lateral direction across the 
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pons  toward  the  cerebellopontine  angle.  It  terminates  by  passing  over 

and sending branches to the anterolateral surface of the cerebellar hemi-

sphere.231 Usually the smallest of the three cerebellar arteries, the AICA has a reciprocal relationships and extensive anastomoses with the SCA 

and the PICA. It also has anastomoses with the SCA. The sixth cranial 

nerve crosses the AICA 6–7 mm distal to the origin of the artery,230 and the vessel lies adjacent to the seventh and eighth cranial nerves in the 

cerebellopontine angle.232 The AICA has three segments:

i.  Premeatal  segment.  Extends  from  the  origin  of  the  vessel  to  the 

seventh and eighth cranial nerves.

ii.  Meatal segment. The part of the AICA that is related to the inter-

nal auditory canal.

iii.  Postmeatal segments. The AICA typically divides into rostral and 

caudal  trunks  in  the  cerebellopontine  angle.233,  234  After  crossing the  seventh  and  eighth  cranial  nerves,  the  rostral  trunk  travels 

laterally over the flocculus to reach the middle cerebellar peduncle 

and the superior part of the anterolateral (petrosal) surface of the 

cerebellar hemisphere. The caudal trunk supplies the inferior part 

of the anterolateral surface.

iv.  AICA branches.

1.  Perforators.  The  brainstem  receives  small  perforating 

branches  from  the  premeatal  segment  and  recurrent  perfo-

rating branches from the meatal segment.

2.  Internal  auditory  artery  (aka  labyrinthine  artery).  This 

vessel  arises  from  the  AICA  in  45%  of  cases.1  The  vessel may  arise  from  the  premeatal  or  meatal  segment,  or  from 

the  lateral  branch  of  the  postmeatal  segment.  The  internal 

auditory artery travels with the seventh and eighth cranial 

nerves into the internal auditory meatus and is distributed 

to the inner ear. 235

3.  Subarcuate  artery.  The  subarcuate  artery  arises  from  the 

AICA medial to the internal auditory meatus and penetrates 

the dura covering the subarcuate fossa on the posterior sur-

face of the temporal bone and supplies the bone in the region 

of the semicircular canals.236

4.  Cerebellar cortical branches.

v.  AICA variants.

1.  Duplication. The origin of the vessel is single in 72% of cases, 

a duplicate in 26%, and triplicate in 2%.236

2.  Anomalous origin. Origination of the AICA from the ICA has 

been reported several times.237

(b) Basilar perforators. An average of 17 perforators arises from the basilar 

artery  from  its  origin  to  the  SCAs.229  In  addition,  on  average,  another 2.5  average  small  horizontal  brainstem  perforators  arise  from  the  pos-

terior  surface  of  the  basilar  artery  distal  to  the  origin  of  the  SCAs.238 Significantly,  no  perforators  arise  directly  from  the  tip  of  the  basilar 

artery.238,  239  Basilar  perforators  supply  the  posterior  perforated  sub-stance and brainstem structures such as the corticospinal and corticob-

ulbar tracts, pontine nuclei, and the lemnisci, fasciculi, and motor nuclei 

of the midbrain and pons.

i.  Medial perforators. Medial perforators average 5.8 mm in length and 

enter the pons in the basilar suclus or within a few mm of it. 229

ii.  Circumflex  perforators.  Circumflex  perforators  average  16 mm  in 

length and travel around the brainstem for various distances before 

entering.

(c) Superior  cerebellar  artery  (SCA).  The  SCA  is  the  most  constant  cer-

ebellar  artery  and  arises  from  the  basilar  artery  immediately  prior  to 

the  basilar  bifurcation.  The  SCA  travels  posterolaterally  around  the 

brainstem,  inferior  to  the  third  and  fourth  cranial  nerves  and  superior 

to  the  fifth  cranial  nerve.  The  SCA  comes  into  contact  with  the  fifth 

cranial  nerve  in  50%  of  cases,240  and  is  usually  the  target  of  surgical microvascular  decompression  for  trigeminal  neuralgia  (the  AICA  and 

adjacent  veins  may  also  come  into  contact  with  the  fifth  nerve).  At  an 

average  distance  of  18.5 mm  from  the  origin,  the  SCA  bifurcates  into  a 

rostral  and  a  caudal  trunk.241  The  rostral  trunk  continues  around  the brainstem,  gives  off  direct  and  circumflex  perforators,  sends  branches 

to the inferior colliculi, and supplies the superior surface of the vermis 
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and  the  paramedian  aspect  of  the  cerebellar  hemisphere.  The  caudal 

trunk supplies the superior lateral surface of the cerebellar hemisphere, 

the  superior  cerebellar  peduncle  and  dentate  nucleus,  and  part  of  the 

brachium pontis. The SCA can be divided into four segments: 241

i.  Anterior pontomesencephalic segment. This segment (aka anterior 

pontine segment) extends from the SCA origin to the anterolateral 

margin of the brainstem.

ii.  Lateral pontomesencephalic segment. This segment (aka ambient 

segment) extends from the anterolateral margin of the brainstem 

to the anterior margin of the cerebellomesencephalic groove. This 

segment is parallel to the PCA and basal vein of Rosenthal. The 

fourth cranial nerve crosses the midportion of this segment.

iii.  Cerebellomesencephalic  segment.  This  segment  (aka  quadrigemi-

nal  segment)  travels  within  a  groove  between  the  cerebellum  and 

the midbrain and the superior cerebellar peduncles.

iv.  Cortical  segments.  The  cortical  segments  include  branches  to  the 

vermis and superior cerebellar hemisphere cortical surface.

v.  SCA branches

1.  Perforators.  An  average  of  two  perforators  arises  from  the 

main  SCA  trunk,  five  from  the  rostral  trunk,  and  two  from 

the caudal trunk.241 Direct perforators from the SCA are less common than circumflex perforators.

2  Precerebellar  arteries.  The  precerebellar  arteries  arise  from 

the  hemispheric  branches  (average:  four)  and  the  vermian 

branches (average: two), and supply the deep cerebellar nuclei, 

the inferior colliculi, and the superior medullary velum. 241

3.  Cortical arteries.

(a)  Hemispheric branches

(b)  Vermian branches

(c)  Marginal artery.

4.  Internal auditory artery. This vessel is most often a branch of 

the AICA (see above) but arises from the SCA in 25% of cases.1

vi.  SCA variants

1.  Duplication.  The  Table 1.7 Intracranial arterial fenestrations

SCA  is  dupli-

cated  in  14%  of                Vessel               References hemispheres;241 in  these  cases,     ICA                           244 the duplicate ves-     A1 segment                    245 sels  correspond 

to the rostral and     Azyos anterior cerebral artery      246 caudal trunks.       M1 segment                  184

2.  Absence. Although     P-comm artery                 133

the SCA has been     P1 segment                   196 rare,  absence  of reported.242            Vertebral artery                   247, 248

(d) Internal auditory artery.     Basilar artery                      219, 249

This vessel is most often 

a  branch  of  the  AICA 

(see above) but arises directly from the basilar artery in 16% of cases.1

2.  Variants

(a)  Fenestration  of  the  basilar  artery  is  found  in  1.33%  of  dissection  and 

0.12% of angiograms.1, 243

i.  Fenestration or segmental duplication is a rare congenital anomaly. 

In a review of 5,190 cerebral angiograms, arterial fenestration was 

observed  in  37  (0.7%).250  Considering  all  fenestrations,  the  preva-lence of an associated aneurysm is 7%.250 Table 1.7 is an inventory of reported intracranial fenestrations.

 

1.11.      Venous system

 

The most important facts about the craniocervical venous system are:

1.  The venous anatomy is highly variable.
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2.  The venous structures of the head and neck are widely interconnected.

3.  Valves are not present in the intracranial venous system.

4.  Valves  are  typically  present  at  several  predictable  locations  in  the  cervical 

region.

Two other useful generalizations can be made:

1.  The  size  of  many  venous  structures  have  reciprocal  relationships  with  other 

structures.  For  instance,  if  the  vein  of  Labbé  is  large,  the  vein  of  Trolard  is 

usually small.

2.  In addition to anatomical variation, the size and flow direction of any given vein 

can vary greatly with the patient’s head and neck position and in the presence 

of pathology.

As the venous system is so variable, the following discussion details the most common venous  anatomic  patterns  and  selected  clinically  relevant  variants.  An  exhaustive inventory  of  known  variations  would  be  mind-numbingly  tedious  to  read  and  not particularly useful.

 

1.11.1.     Extracranial veins

1.11.1.1.    Scalp veins

The scalp veins have extensive connections with the emissary vein of the skull, 

although these connections are not normally seen on angiography.

1. Frontal vein. Drains the anterior part of the skull and forehead and communi-

cates with the supratrochlear and supraorbital veins.

2. Supratrochlear vein. Drains the frontal scalp and forehead and descends over 

the forehead medial to the supraorbital vein.

3. Supraorbital  vein.  Drains  the  frontal  scalp  and  forehead  and  travels  over  the 

superior orbital rim lateral to the supratrochlear vein to anastomose with the 

orbital veins and the angular vein.

4. Medial temporal vein. Drains the anterior temporal region and joins the super-

ficial temporal vein.

5. Superficial temporal vein. Usually runs together with the corresponding super-

ficial temporal artery. It descends in front of the ear and penetrates the parotid 

glands,  where  it  is  joined  by  the  maxillary  vein  to  form  the  retromandibular 

vein, which drains into the internal jugular (IJ) or external jugular (EJ) vein.

6. Posterior auricular vein. Drains the retroauricular area and connects to the IJ 

or EJ.

7. Occipital vein. Drains the occipital and posterior cervical areas and anastomo-

ses with the deep cervical and vertebral veins and the transverse sinus via the 

mastoid emissary vein. It drains into the IJ or EJ (Fig. 1.40).

 

1.11.1.2.    Orbital veins

The  orbital  veins  comprise  an  important  anastomoses  between  the  intracranial 

and  extracranial  venous  systems,  and  are  typically  enlarged  in  the  presence  of  a carotid-cavernous fistula.

1. Superior  ophthalmic  vein  (SOV).  The  largest  and  the  most  constant  orbital 

vein.251 It originates near the trochlea below the medial orbital roof, and travels posteriorly and medially to enter the cavernous sinus. The normal direction of 

flow in the ophthalmic veins is from extracranial to intracranial;252 reversal of flow in the SOV should raise suspicion of intracranial venous hypertension. The 

SOV anastomoses with the supraorbital vein and the angular vein.

2. Inferior  ophthalmic  vein.  Much  smaller  than  the  SOV,  it  is  connected  to  the 

SOV  via  several  anastomotic  vessels  (anterior,  medial,  and  posterior  anasto-

mosing  veins),  and  also  drains  into  the  cavernous  sinus  or  directly  into  the 

superior ophthalmic vein.

3. Medial ophthalmic vein. Present in some cases.

 

1.11.1.3.    Facial veins

1. Angular vein. The angular vein is formed by the junction of the supratrochlear 

and supraorbital veins. It travels in an inferior direction at an angle next to the 
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Fig. 1.40 Superficial extracranial veins. (1) Frontal vein; (2) Supratrochlear vein; (3) 

 

Supraorbital vein; (4) Medial temporal vein; (5) Superficial temporal vein; (6) Posterior 

auricular vein; (7) Occipital vein; (8) Angular vein; (9) Facial vein; (10) Labial veins; (11) 

Submental vein; (12) Retromandibular vein; (13) Thyroid veins; (14) Internal jugular vein; 

(15) External jugular vein.

 

nose (thus the name), medial to the orbit. The angular vein communicates with 

orbital veins and continues inferiorly as the facial vein.

2. Facial  vein.  The  facial  vein  (aka anterior  facial  vein)  is  the  continuation  of 

the angular vein, and it begins at the medial palpebral angle. The facial vein 

descends  obliquely  across  the  face  and  curves  around  the  inferior  edge  of  the 

mandible to merge with the submental and retromandibular veins to drain into 

the IJ. Along its course, the facial vein receives tributaries from the orbit, facial 

muscles, and submental region. 1 It has extensive connections with deep facial 

vein, pterygoid plexus, and cavernous sinus.252

3. Pterygoid plexus. The pterygoid plexus is a network of venous channels that is 

nestled between the temporalis and lateral pterygoid muscles. It is connected 

to the facial vein via the deep facial vein, and it receives a wide array of tributaries 

from  deep  facial  and  oropharyngeal  structures.  It  connects  to  the  cavernous 

sinus via emissary veins that travel through the foramen ovale and spinosum, 

and to the IJ via the maxillary vein (Fig. 1.41).

4. Deep  facial  vein.  Connection  between  the  facial  vein  and  the  pterygoid 

plexus.
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Fig. 1.41 Deep extracranial veins. (1) Superior orbital vein; (2) Inferior orbital vein; (3) 

 

Angular vein; (4) Facial vein; (5) Pterygoid plexus; (6) Deep facial veins; (7) Maxillary 

vein; (8) Common facial vein; (9) Suboccipital veins; (10) Pharyngeal vein.

 

5. Maxillary vein. This vein connects to the pterygoid plexus and travels posteri-

orly to join the superficial temporal vein to form the retromandibular vein.

6. Labial veins. The superior and inferior labial veins drain the upper and lower 

lips, respectively, and drain into the facial vein.

7. Retromandibular vein. This vein (aka temporo-maxillary vein) is formed by the 

confluence of the maxillary and superficial temporal veins, and passes within 

the parotid gland to join the facial vein.

8. Common facial vein. Formed by the junction of the facial, lingual anterior divi-

sion  of  the  retromandibular  and  communicating  veins.  It  receives  submental, 

lingual and thyroid tributaries, and drains into the IJ.1

9. Submental vein. Drains the floor of the mouth and runs under the mandible. It 

drains into the facial vein.

1.11.1.4.    Cervical veins

1. Internal  jugular  vein  (IJ).  The  IJ  begins  in  the  jugular  fossa  and  is  the 

continuation of the sigmoid sinus. The enlargement of the IJ at its origin is 

termed as the superior jugular bulb. The IJ travels within the carotid sheath 

posterior  and  lateral  to  the  common  carotid  artery,  and  connects  with  the 

subclavian  vein  on  each  side  to  form  the  branchiocephalic  vein.  Valves  are 

usually present where the IJ meets the subclavian vein. The right IJ is usu-

ally dominant.

2. External  jugular  vein  (EJ).  The  EJ  is  formed  by  the  junction  of  the  posterior 

division  of  the  retromandibular  and  posterior  auricular  veins.  It  originates 
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inferior to the angle of the mandible and travels across the sternocleidomastoid 

muscle to drain into the subclavian vein. Valves may be present where the EJ 

meets the subclavian vein.

3. Suboccipital veins. These veins drain the suboccipital region and communicate 

with the vertebral venous plexus.

4. Thyroid veins. Superior and inferior thyroid veins drain the thyroid gland and 

connect to IJ.

5. Pharyngeal vein. Drains the posterior pharyngeal region and connects to the IJ.

6.  Anterior  condylar  vein.  The  anterior  condylar  vein  travels  through  the 

hypoglossal  canal  and  connects  the  inferior  petrosal  sinus  with  the  vertebral 

venous  plexus  and  suboccipital  veins.  It  is  the  rostral  equivalent  of  a  spinal 

radicular vein.253

7. Posterior  condylar  vein.  Connection  between  the  sigmoid  sinus  and  vertebral 

venous plexus.1

8. Spinal  radicular  veins.  Each  spinal  radicular  vein  corresponds  to  a  spinal 

artery. These veins travel within the neural foramena and connect the epidural 

venous plexus to the vertebral venous plexus.

9. Vertebral  venous  plexus.  The  vertebral  venous  plexus  begins  in  the  suboccipi-

tal region and extends inferiorly along the vertebral column to drain into the 

brachiocephalic vein. It surrounds the V2 segment of the vertebral artery and 

has numerous connections with the occipital veins, epidural venous plexus, and 

other cervical and facial veins.

10. Vertebral vein. The vertebral vein (aka anterior vertebral vein254) is anterior to 

the vertebral artery216 and drains into the vertebral venous plexus.

 

1.11.2.     Venous structures of the skull

A rich network of veins connects the intracranial venous system to the extracra-

nial venous system.

1. Diploic  veins.  The  cancellous  bone  between  the  inner  and  outer  tables  of  the 

skull, contains an extensive network of veins that do not normally cross suture 

lines  and  are  not  normally  seen  on  angiography.5  They  communicate  widely 

with meningeal and pericranial veins, and with the dural sinuses.

2. Emissary veins. These veins connect the extracranial veins to the intracranial 

venous sinuses.

(a) Parietal  emissary  veins.  Communicate  between  the  scalp  veins  and  the 

superior sagittal sinus.

(b) Mastoid emissary veins. Communicate between the occipital and poste-

rior auricular veins and the sigmoid sinus.

 

1.11.3.     Meningeal veins

Meningeal  veins  lie  on  the  outer  surface  of  the  dura  and  each  corresponds  to 

its  respective  meningeal  artery5.  The  anterior  meningeal  vein  joins  the  superficial Sylvian vein to form the sphenoparietal sinus.

 

1.11.4.     Intracranial venous sinuses

The dural sinuses are venous channels that are located between the meningeal 

and  endosteal  layers  of  dura.  They  are  rigid  and  do  not  have  valves.  They  may  be trabeculated and contain bands, chords, and bridges.255 They also contain arachnoid granulations; Pacchionian granulations are macroscopic arachnoid granulations that project directly into the venous sinuses. Pacchionian granulations may measure upto 1 cm  in  diameter 256  and  should  not  be  mistaken  on  angiography  for  intraluminal thrombus (Fig. 1.42). Dural sinuses are also present within the falx cerebri and ten-torium. There are two main groups of dural venous sinuses. 256

1.11.4.1.    Superior group

The superior group primarily drains the majority of the brain and skull (Fig. 1.43).
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Fig. 1.42 Arachnoid granulation. Venogram of the inferior venous sinuses, showing an arach-noid granulation in the transverse sinus (arrow). Arachnoid granulations can have a “punched 

 

out” appearance on angiography that can mimic a flow void due to intraluminal thrombus.
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Fig. 1.43 Superior group of dural venous sinuses. (1) Superior sagittal sinus; (2) Inferior 

sagittal sinus; (3) Straight sinus; (4) Occipital sinus; (5) Transverse sinus; (6) Sigmoid sinus.
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1. Superior  sagittal  sinus  (SSS).  The  SSS  lies  in  a  shallow  midsagittal  groove 

at  the  junction  of  the  falx  cerebri  and  the  dura  lining  the  inner  table  of  the 

calvaria.  It  originates  near  the  crista  galli  and  terminates  in  the  torcular 

Herophili. The transverse diameter of the SSS ranges from 4 mm in the fron-

tal  area  to  10 mm  in  the  occipital  region.255  The  “1/3rd  Rule”  states  that  it  is 

generally  safe  to  therapeutically  occlude  the  SSS  in  the  anterior  third  of  the 

structure,  without  a  significant  risk  of  venous  infarction.257  Cortical  venous 

tributaries are most prominent in the middle third of the SSS, and relatively 

few in number and caliber in the posterior third.

(a)  Venous connections

i.  Facial and nasal veins

ii.  Scalp veins

iii.  Cortical veins

iv.  “Intermediate  veins”:256  Diploic,  meningeal,  and  emissary  veins. 

These  structures  provide  important  collateral  pathways  in  the 

event of venous sinus occlusion

2. Inferior sagittal sinus. The inferior sagittal sinus is relatively small and travels 

in, or slightly superior to the falx. It begins at the junction of the anterior and 

middle  thirds  of  the  falx,  runs  above  the  corpus  callosum,  and  terminates  at 

the falcotentorial apex by connecting with the vein of Galen to form the straight 

sinus. It is more prominent in infants and young children, than adults.256

(a)  Venous connections

i.  Tributaries from the falx, corpus callosum, medial cerebral hemi-

spheres, and SSS via falcine veins.

3. Straight  sinus.  The  straight  sinus  is  formed  by  the  confluence  of  the  inferior 

sagittal  sinus  and  vein  of  Galen.  It  travels  posteriorly  and  inferiorly  beneath 

the  splenium  of  the  corpus  callosum  towards  the  internal  occipital  protuber-

ance. The straight sinus averages 5 cm in length258 and drains into the conflu-

ence  of  the  sinuses,  or  predominantly  into  one  transverse  sinus,  usually  the 

left.256  The  straight  sinus  is  single  channel  in  most  cases,  but  is  doubled  or 

tripled in some 15% of cases.259

(a)  Venous connections

i.  Vermian veins

ii.  Tentorial sinuses

iii.  Cerebellar hemispheric veins

4. Occipital sinus. The occipital sinus is present in 65% of cases, and travels in the 

midline, within the attached margin of the falx cerebelli, between the conflu-

ence of the sinuses and the marginal sinus.260

5. Torcular  Herophili.  The  confluence  of  the  sinuses  (Fig.  1.44)  is  formed  by  the 

junction  of  the  SSS,  straight  sinus,  transverse  sinuses,  and  occipital  sinus.  The 

torcular Herophili is typically asymmetric and widely variable in its configuration. 

In 10–15% of cases, the superior sagittal sinus drains into one transverse sinus, 

and there is no direct connection between the left and right transverse sinuses.261

6. Transverse sinus. The transverse sinus (aka lateral sinus) travels within the periph-

eral margin of the tentorium and extends from the internal occipital  protuberance to 
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Fig. 1.44 Torcular herophili. The confluence of the sinuses carries the eponym, Torcular Herophili, after the anatomist, Herophilus of Chalcedon. The term “torcular” is commonly thought to be translated from the ancient Greek as “wine press,” as the four-limbed con-fluence (                                                       262 left ) bears some resemblance to a wine press ( right ). An alternative school of 

thought holds that this is a mistranslation, and that Torcular Herophili actually refers to 

the concavity on the interior of the occipital bone that houses the confluence.263
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the base of the petrous temporal bone. They are asymmetric in about half of cases, 

and the right transverse sinus is usually larger.261 In some 20% of cases, there is partial or total agenesis of one of the transverse sinuses, usually the left, and in 

these cases the sigmoid sinus may fill via the vein of Labbé.261

(a)  Venous connections

i.  SSS and contralateral transervse sinus

ii.  Veins from the inferior and lateral surfaces of the temporal and 

occipital lobes, including the vein of Labbé.

iii.  Cerebellar veins.

iv.  Veins of the scalp via mastoid emissary veins.

v.  Superior petrosal sinus

7. Sigmoid sinus. The sigmoid sinus originates where the transervse sinus leaves 

the tentorial margin. It forms a gentle S-shape and terminates at jugular bulb, 

where the internal jugular vein begins.

(a) Venous connections

i.  Transverse sinus and internal jugular vein.

ii.  Suboccipital  muscular  and  scalp  veins  and  the  vertebral  venous 

plexus via the mastoid and condylar emissary veins.

1.11.4.2.    Inferior group

The inferior group primarily drains the sylvian veins, the inferior surface of the 

brain, and the orbits (Fig. 1.45).
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Fig. 1.45 Inferior group of dural venous sinuses

1. Cavernous sinus 2. Superior petrosal sinus 3. Inferior petrosal sinus 4. Basilar 

venous plexus 5. Sphenoparietal sinus 6.Vertebral venous plexus.
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1. Cavernous sinus. Each cavernous sinus lies lateral to the body of the sphenoid 

bone  and  extends  from  the  superior  orbital  fissure  to  the  petrous  apex.  The 

anterior  and  posterior  part  of  the  cavernous  sinuses  are  connected  to  each 

other via the circular sinus (aka “intercavernous sinus”) around the sella tur-

cica, and the basilar venous plexus. Cranial nerves III, IV, V1, and V2 travel in 

the lateral wall of the cavernous sinus, and the ICA, sympathetic plexus, and 

cranial nerve VI are suspended by fibrous trabeculae within the lumen of the 

cavernous sinus.256

(a)  Venous connections

i.  Superior and inferior ophthalmic veins

ii.  Sphenoparietal sinus

iii.  Superior petrosal vein

iv.  Inferior petrosal sinus

v.  Pterygoid plexus via emissary veins of the foramen ovale, foramen 

lacerum, and foramen Vesalius.

2. Inferior petrosal sinus. The inferior petrosal sinus travels in groove between 

the petrous apex and the clivus (Dorello’s canal), extending from the poste-

rior part of the cavernous sinus to the anterior, superior aspect of the jugu-

lar  bulb.  In  some  39%  of  cases,  the  left  and  right  inferior  petrosal  sinuses 

are markedly asymmetric, and in 8% of cases the sinus is absent on at least 

one side.264

(a)  Venous connections

i.  Cavernous sinus

ii.  Basilar venous plexus

iii.  Internal auditory veins

iv.  Cerebellar and brainstem veins

v.  Internal jugular vein

3. Superior  petrosal  sinus.  The  superior  petrosal  sinus  extends  from  the  trans-

verse  sinus  to  the  cavernous  sinus,  and  travels  along  the  attachment  of  the 

tentorium to the superior margin of the petrous temporal bone. The direction 

of flow is presumably from posterior to anterior265

(a)  Venous connections

i.  Transverse sinus

ii.  Petrosal vein

iii.  Lateral mesencephalic vein

iv.  Cerebellar veins

v.  Veins draining the tympanic cavity

vi.  Cavernous sinus

4. Sphenoparietal sinus. The sphenoparietal sinus (aka sinus of Breschet) is the 

medial extension of the Sylvian veins.256 It travels beneath the lesser wing of 

the sphenoid bone and drains into the cavernous sinus, pterygoid plexus, or into 

the inferior petrosal sinus or transverse sinus.265 A “true” sphenoparietal sinus 

exists  when  the  structure  anastomoses  with  other  venous  structures  at  both 

ends.251

5. Basilar venous plexus. The basilar venous plexus (aka clival venous plexus) is 

a network of dural veins that extends over the dorsal surface of the clivus.

(a)  Venous connections

i.  Cavernous sinus

ii.  Inferior petrosal sinus

iii.  Marginal sinus

6. Marginal sinus. The marginal sinus lies in the margin of the foramen magnum 

and drains into the jugular bulbs. It anastomoses with the occipital sinus and 

vertebral venous plexuses.

7. Vertebral  venous  plexus.  The  venous  plexus  is  the  extensive  network  of  veins 

associated with the spine. It is sometimes, subdivided into internal and exter-

nal components.

 

1.11.5.     Supratentorial cortical veins

The cortical veins drain the outer 1–2 cm of the cortex and the subcortical white 

matter, and travel centrifugally (Fig. 1.46). They have no valves. They exhibit recipro-cal prominence, i.e., when one vein is large on a given side, others are usually small.256 Cerebral cortical drainage occurs via three principle routes:

1. Sylvian veins. The Sylvian veins (aka superficial middle cerebral veins) origi-

nate in the posterior third of the lateral Sylvian fissure and travel through the 
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Fig. 1.46 Superficial cortical veins. (1) Sylvian vein; (2) Vein of Labbé; (3) Superior 

convexity veins; (4) Vein of Trolard.

 

lateral aspect of the sylvian fissure and drain parts of the frontal and temporal 

lobes into the cavernous sinus and pterygoid plexus.256, 266

2. Temporo-occipital veins. These veins drain temporal, occipital and parts of the 

parietal cortex into the transverse sinus.

(a) Vein of Labbé (aka occipito-temporal vein) is defined as the largest corti-

cal  vein  crossing  the  temporal  lobe  convexity  from  the  sylvian  vein  to 

the transverse sinus. 5 It can be identified on one or both hemispheres in 75% of dissections,267 and is most commonly prominent in the dominant hemisphere. 268  It  travels  in  the  occipitotemporal  sulcus  and  may  have important anastomotic connections with tentorial dural sinuses.

3.  255  Superior  convexity  veins  .  These  veins,  which  average  14  per  hemisphere,

drain  the  superolateral  and  superomedial  cortex  into  the  superior  sagittal 

sinus. The veins enter the superior sagittal sinus perpendicularly in the ante-

rior frontal region; the angle becomes progressively more acute (i.e., opposite to 

the direction of flow in the superior sagittal sinus) in the parietal and occipital 

regions.  Occipital  region  veins  may  pass  for  a  considerable  distance  before 

connecting  to  the  superior  sagittal  sinus,  and  may  be  confused  with  venous 

anomalies.256 The vein of Rolando travels in the central sulcus.

(a) Vein of Trolard (aka frontoparietal vein) is defined as the largest anasto-

motic channel connecting the Sylvian vein to the superior sagittal sinus.5 It is most commonly prominent in the non-dominant hemisphere. 268

 

1.11.6.     Deep Venous system

The deep venous system drains the periventricular white matter, basal ganglia, 

and  thalamic  regions  (Fig.  1.47).  In  contrast  to  the  cortical  venous  system,  which runs  centrifugally,  the  deep  venous  system  runs  centripetally.  The  deep  veins  can be  divided  into  a ventricular  group  (which  includes  the  subependymal  veins  and internal cerebral vein) and a cisternal group (primarily consisting of the basal vein of Rosenthal and its tributaries).

1. Medullary veins. The medullary veins are an array of veins that drain the cer-

ebral white matter. They originate 1–2-cm deep to the cortical mantle and join 
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Fig. 1.47 Deep venous system. (1) Medullary veins; (2) Subependymal veins; (3) Septal 

 

vein; (4) Anterior caudate vein; (5) Thalamostriate vein; (6) Internal cerebral vein; 

(7) Basal vein of Rosenthal; (8) Vein of Galen (aka great cerebral vein).

 

the subependymal veins. They are typically straight and perpendicular to the 

subependymal veins.

2. Subependymal veins

(a) Septal veins. The septal veins originate at the lateral aspect of the fron-

tal  horns  and  travel  posteriorly  and  medially  to  run  along  the  septum 

pelucidum. In the majority of cases, the septal veins join the thalamos-

triate veins to form the internal cerebral vein. The venous angle is the 

junction  of  the  septal  vein  with  the  thalamostriate  vein.  Although 

the venous angle is generally considered to approximate the location of 

the foramen of Monro on angiography, in 47.5% of hemispheres, the sep-

tal vein joins the internal cerebral vein at an average of 6 mm posterior 

to the foramen of Monro.269 The septal veins drain the deep frontal white matter and anterior corpus callosum.

(b) Anterior  caudate  veins.  The  anterior  caudate  veins  (aka  longitudinal 

caudate vein or anteroinferior caudate veins) are a group of tributaries 

from the medial surface of the caudate nucleus that drain into the thala-

mostriate vein.

(c) Thalamostriate  vein.  The  thalamostriate  vein  arises  from  tributaries 

that converge on the sulcus between the caudate nucleus and the thala-

mus, and travels in a medial direction towards the Foramen of Monro to 

join  the  septal  veins  and  form  the  internal  cerebral  vein.  It  drains  the 

posterior frontal lobe, anterior parietal lobe, caudate nucleus, and internal 

capsule. Despite its name, the thalamostriate vein does not receive sig-

nificant tributaries from the thalamus.

(d) Medial  and  lateral  atrial  veins.  These  veins  drain  the  walls  of  the 

atrium, and may drain directly into the internal cerebral vein, basal vein 

of Rosenthal, or the vein of Galen.270

3. Internal cerebral vein. The internal cerebral vein is formed by the junction of 

the septal veins and the thalamostriate vein posterior to the foramen of Monro. 

It travels posteriorly to join the contralateral internal cerebral vein to form the 

vein  of  Galen.  The  internal  cerebral  vein  receives  subependymal  tributaries 

and, just anterior to the vein of Galen, the ipsilateral basal vein of Rosenthal. 
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It averages 30.2 mm in length270 and drains the posterior frontal lobe, anterior parietal lobe, caudate nucleus, lentiform nucleus, and internal capsule.

4. Basal  vein  of  Rosenthal.  The  basal  vein  of  Rosenthal  (aka  basal  vein)  is  the 

most  prominent  cisternal  vein  and  is  formed  below  the  anterior  perforated 

substance  by  the  junction  of  the anterior  cerebral  and deep  middle  cerebral veins. The anterior cerebral vein originates near the optic chiasm and is con-nected to its contralateral counterpart by the anterior communicating vein. The 

deep middle cerebral vein is formed near the limen insula by the confluence of 

the insular veins. The basal vein of Rosenthal travels posteriorly between the 

midbrain and the temporal lobe and terminates by joining the internal cerebral 

vein  or  the  vein  of  Galen.  It  receives  extensive  tributaries  from  the  temporal 

lobe, thalamus, and midbrain.

5. Vein  of  Galen.  The  vein  of  Galen  (aka  great  cerebral  vein)  originates  in  the 

quadrigeminal cistern by the union of the internal cerebral veins. It curves in a 

posterosuperior direction towards the apex of the tentorium, where it joins the 

straight sinus. It is 5–20 mm in length5 and its tributaries include the posterior pericallosal, superior cerebellar, and precentral cerebellar veins.

 

1.11.7.     Infratentorial venous system

The veins of the posterior fossa can be grouped according to the principle route 

of drainage (Fig. 1.48).

1. Superior (vein of Galen) group. These veins drain the upper part of the cerebel-


lar hemispheres, vermis, and midbrain.

(a) Precentral  cerebellar  vein.  The  unpaired  midline  precentral  cerebellar 

vein  receives  the  superior  hemispheric  and  vermian  tributaries,  and 

[image: ]

 

Fig. 1.48 Infratentorial venous system. (1) Vein of Galen; (2) Straight sinus; (3) 

Precentral cerebellar vein; (4) Superior vermian vein; (5) Basal vein of Rosenthal; (6) 

Anterior pontomesencephalic vein; (7) Anterior medullary vein; (8) Petrosal vein; (9) 

Lateral mesencephalic vein; (10) Inferior vermian vein; (11) Posterior mesencephalic 

vein; (12) Brachial vein; (13) Superior retrotonsilar vein; (14) Inferior retrotonsilar vein.
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travels superiorly and posteriorly parallel to the roof of the forth ventri-

cle. It enters the vein of Galen posterior to the inferior colliculi.

(b) Superior vermian vein. The paired superior vermian veins originate from 

tributaries  in  the  culman,  posterior  to  the  precentral  cerebellar  vein. 

They travel superiorly to drain into the vein of Galen, with or anterior to 

the precentral cerebellar vein

(c) Posterior mesencephalic vein. This vein originates in the interpeduncular 

fossa and curves around the midbrain to enter the vein of Galen or inter-

nal cerebral vein.251

2. Anterior  (petrosal  vein)  group.  These  veins  drain  the  anterior  part  of  the 

brainstem and cerebellum, and empty primarily into the superior and inferior 

petrosal sinuses.

(a) Anterior  pontomesencephalic  vein.  The  unpaired  midline  pontomesen-

cephalic vein travels along the anterior belly of the pons, connecting the 

midline anterior  medullary  vein  inferiorly  (which,  in  turn,  connects  to the anterior spinal vein) to the peduncular vein, in the interpeduncular cistern.  It  may  also  communicate  with  the  petrosal  vein  and  the  basal 

vein of Rosenthal.

(b) Petrosal vein (aka Dandy’s vein). The petrosal vein is formed by numer-

ous  tributaries  from  the  pons,  medulla,  and  cerebellum.  It  is  2–2.5 cm 

long,251 and travels anterior and lateral to the trigeminal nerve to enter the superior petrosal sinus above the internal auditory meatus.

(c) Lateral mesencephalic vein. This vein runs in the lateral mesencephalic sul-

cus and anastomoses with the posterior mesencephalic and petrosal veins.

3. Posterior (tentorial) group. These veins drain toward the tentorium.

(a) Inferior vermian veins. The paired inferior vermian veins are formed by 

the superior and inferior retrotonsillar veins. The inferior vermian veins 

receive  tributaries  from  the  vermis  and  cerebellar  hemispheres,  and 

travel posteriorly and superiorly along the inferior vermis to drain into 

the tentorial, straight, or transverse sinus.

 

1.11.8.     Intracranial venous system variants

The intracranial venous system is widely variable. Selected variants and anoma-

lies are detailed below:

1. Venous angioma. A venous angioma (aka developmental venous anomaly or 

cerebral  venous  malformation)  is  a  normal  variant  in  which  a  network  of 

small  medullary  veins  converges  into  single  large  central  venous  channel 

(see also Chap. 16). They are found in some 2% of autopsies. 271 They have a 

characteristic stellate appearance on imaging, and have been hypothesized 

to  occur  when  medullary  veins  become  hypertrophic  to  compensate  for  the 

occlusion  or  absence  of  some  other  adjacent  venous  structure.  They  are 

frequently found adjacent to cavernous malformations; among patients with 

cavernous  malformations,  and  upto  29%  have  an  associated  developmental 

venous anomaly.272, 273 In fact, focal venous congestion within developmental 

venous  anomalies  are  thought  to  contribute  to  the  formation  of  cavernous 

malformations.274

2. Vein of Galen malformation. This anomaly consists of a dramatically enlarged 

persistent median vein of the prosencephalon, which is the embryonic precursor 

to  the  vein  of  Galen  (see  also  Chap.  14).275  Multiple  feeding  arteries  typically 

flow  directly  into  the  varix  and  usually  arise  from  the  anterior  and  posterior 

choroidal arteries and the anterior cerebral artery. The malformation develops 

prior  to  the  formation  of  the  vein  of  Galen  and  the  straight  sinus,  and  the 

venous  pouch  drains  via  the  falcine  sinus  to  the  superior  sagittal  sinus.  The 

straight  sinus  may  be  hypoplastic  or  absent.  The  deep  venous  system,  as  a 

rule,  does  not  appear  to  communicate  with  the  malformation,  although  there 

is a well-documented case of visualization of a communication to normal deep 

veins after treatment of a vein of Galen malformation.276

3. Chiari II malformation. In the Chiari II malformation (Fig. 1.49), the posterior 

fossa  is  very  small  and  the  straight  sinus  is  angled  sharply  downward.  The 

confluence of sinuses may be at or below the level of the foramen magnum.

4. Dandy–Walker complex. The Dandy–Walker complex is a congenital syndrome 

that  includes  cystic  dilatation  of  the  forth  ventricle  and  enlargement  of  the 

posterior fossa (Fig. 1.50). The straight sinus and torcular Herophili are often 

elevated and the transverse sinuses angle inferiorly.
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Fig. 1.49 Chiari II malformation              Fig. 1.50 Dandy–walker complex
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The Chiari II malformation is characterized  The tentorium, straight sinus, and torcu-

by an abnormally small posterior fossa,  lar Herophili are displaced superiorly by 

with downward angulation of the straight  cystic dilatation of the fourth ventricle and 

sinus and low-lying transverse sinuses. enlargement of the posterior fossa.

 

1.12.      Spinal neurovascular anatomy

 

The spine, and in particular, the spinal cord, is supplied by a number of relatively 

small and variable arteries with similarly small and variable veins. There is a general organization of spinal blood supply that is constant: Segmental arteries contribute to the  segmental  levels  of  the  spine  and  may  contribute  to  the  extrinsic  arteries  of  the spinal cord, which then contribute to the intrinsic arteries within the substance of the cord. Similarly, the intrinsic veins of the spinal cord drain into the extrinsic veins on the surface of the cord, which then drains to epidural and paraspinal venous structures.

These vessels should be considered when evaluating vascular lesions in the spine 

(Table 1.8).

Spinal cord blood supply: General Principles

●      Segmental arteries input supply to longitudinal systems. ●      Segmental venous drainage is from longitudinal spinal cord systems to

longitudinal epidural and paraspinal systems.

●      Inter-segmental and side-to-side anastamoses are common. ●      Variability of segmental connections to longitudinal systems is very common.

 

1.12.1.     Potential spinal systems

1.  Vertebral

These branches of the subclavian are paired longitudinal spinal vessels that travel 

in the foamina transversaria of the cervical spine. Besides their vital contributions 

to the blood flow of the brain, there are also important spinal contributions.

(a)  Anterior spinal artery

This has two, very short paired branches from the extreme distal vertebral 

arteries creating a small V-like configuration that merges to a single midline 

channel  that  descends  from  the  vertebrobasilar  junction  inferiorly  in  the 

ventral sulcus of the cord. Sometimes, one limb of the V is hypoplastic and 

the anterior spinal arises from only one of the distal vertebral arteries.

(b)  Posterolateral spinal arteries

These  are  branches,  one  on  each  side,  arising  from  distal  vertebral  or 

proximal posterior inferior cerebellar artery (PICA), and travel inferiorly 
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Table 1.8 Arteries supplying the spine

Vertebral level(s)            Feeding arteries         …Which usually arise 

from:

C1–C2                     Ascending pharyngeal          External carotid

Occipital                          External carotid Vertebral                         Subclavian Ascending cervical              Thyrocervical trunk Deep cervical                    Costocervical trunk

C3–C7                     Vertebral                    Subclavian

Ascending cervical              Thyrocervical trunk Deep cervical                    Costocervical trunk

T1–T3                      Supreme intercostal            Costocervical trunk

T3–T4                      T4 (“Superior”) intercostal       Aorta

T5–T12                     T5–T12 intercostal             Aorta

L1–L4                      Lumbar arteries               Aorta

L5                          Median sacral                 Aortic bifurcation

Ileolumbar                      Internal iliac

Sacrum                    Median sacral                Aortic bifurcation

Lateral sacral                      Internal iliac

 

along the posterior cord. There are two major categories of this vertebral 

artery contribution to the posterior spinal cord. Each can be associated 

with variations in the size and course of the distal vertebral artery, and 

level of origin of the PICA.225, 277

i.  Posterior spinal artery

This  arises  from  either  the  distal  extracranial  portion  of  the  ver-

tebral or commonly also from the proximal part of an extracranial 

origin of PICA. Each posterior spinal then travels inferiorly along 

the posterior cord, dorsal to the posterior spinal nerve roots.277

ii.  Lateral spinal artery

Again  arises  from  distal  vertebral  or  proximal  PICA.  However, 

these  vessels  travel  along  the  posterolateral  cord,  ventral  to  the 

posterior  roots  of  C1  through  C4.225  The  lateral  spinal  joins  the ipsilateral posterior spinal at the C4 or C5 level. 277

(c)  Segmental branches

These are small, paired vessels that provide muscular and osseous blood 

flow in the cervical region. Variably, it can supply an anterior and poste-

rior radicular branch that follows the spinal nerve roots. Again, variably, 

these radicular branches can connect to either the anterior spinal artery 

or to the posterolateral spinal artery to provide segmental input to these 

longitudinal spinal arteries, usually below C3.278

(d)  A  particularly  large  radicular  input  into  the  cervical  anterior  spinal 

artery, is sometimes termed the artery of the cervical enlargement. This 

often arises from the vertebral, although it may arise from the costocer-

vical trunk or even directly from the subclavian artery.

2.  Deep cervical

The  deep  cervical  arteries  arise  from  the  costocervical  trunk  or  directly  from 

the  second  part  of  the  subclavian  artery,  and  represent  paired  longitudinal 

systems that are posterior to the transverse processes. They have considerable 

muscular territories, anastamose with the vertebral arteries and can provide 

flow  to  the  radicular  arteries  along  the  C7  and  C8  roots.278  It  can  variably 

potentially contribute to the lower cervical cord.

3.  Ascending cervical

Branches of the thyrocervical trunk are spinal longitudinal vessels anterior to 

the  transverse  processes.  These  also  have  muscular  supply  and  also  anasta-

mose with the vertebral artery, and can provide radicular branches.
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4.  Supreme intercostals

These  arteries  arise  from  the  costocervical  trunk  or  directly  from  the  sub-

clavian  artery  and  descend  to  supply  several  spinal  levels,  generally  giving 

radicular arteries for the C7 and C8 levels,278 and potentially one or two levels below.  Branches  contribute  to  the  bone,  connective  tissue  and  muscle  at  the 

cervico-thoracic  junction  usually  at  T1  and  T2  and  collateralizing  to  T3.  The 

supreme intercostals occasionally arise directly from the aorta.6

5.  Intercostal (aka posterior intercostal)

Usually nine pairs of intercostal arteries arise from the aorta, although occasion-

ally adjoining intercostal arteries arise as a common trunk. Intercostal arteries 

give branches to the spine and paraspinal tissues before setting in under the rib 

in its costal groove. There are numerous collaterals between adjacent intercostal 

branches. The intercostal arteries have several common branches.6

(a)  Dorsal branch

The  dorsal  branch,  in  turn,  divides  into  a  spinal  branch  that  supplies 

bone  and  dura,  and  in  turn  gives  a  radicular  branch  that  supplies  the 

nerves and possibly the spinal cord. The dorsal branch also has medial 

and  lateral  musculocutaneous  branches  that  supply  posterior  muscles 

and overlying skin.

(b)  Collateral intercostal branch

Freely anastamoses to adjacent intercostals.

(c)  Muscular branches

Supply  lateral  and  anterior  chest  wall  muscles  and  anastamose  with 

lateral thoracic branches of the axillary artery.

(d)  Lateral cutaneous

Supply intercostal nerves and lateral chest-wall skin

(e)  Multiple small branches to ribs and deep chest wall tissues.

6.  Lumbar

Usually four pairs of lumbar arteries arise from the aorta. They have collater-

als between ipsilateral lumbar arteries and from side-to-side, the lumbar arter-

ies have branches similar to the intercostals arteries.6

(a)  Dorsal branch

The  dorsal  branch  gives  osseous  branches  to  the  vertebral  body,  and 

then gives a spinal branch that supplies bone and dura via a post-central 

branch  in  the  anterior  region  of  the  spinal  canal,  and  a  prelaminar 

branch  to  the  posterior  region  of  the  canal.  In  between  those  two,  the 

spinal  artery  gives  a  radicular  branch  that  supplies  the  nerves  and 

possibly the spinal cord. The dorsal branch also has medial and lateral 

musculocutaneous  branches  that  supply  the  posterior  muscles  and  the 

overlying skin of the lumbar region.

(b)  Collateral lumbar branches

Freely anastamoses to adjacent lumbar arteries.

(c) Muscular branches

Supply lateral and posterior muscles and anastamose with lower inter-

costals,  adjacent  lumbar  arteries,  iliolumbar,  inferior  epigastric,  and 

deep circumflex iliac branches. 6

7.  Iliolumbar

A branch of the posterior division of the internal iliac that has branches to the 

psoas muscle, collaterals to the fourth lumbar artery, an L5 radicular artery, 

and supplies the gluteal and abdominal wall muscles.6

8.  Lateral sacral

Paired internal iliac branches that supply upper sacral radicular arteries, and 

can anastamose with medin sacral artery branches.

9.  Median sacral

A single, descending branch arising at the aortic bifurcation and supplying mul-

tiple levels of the sacrum. It anastamoses with the lateral sacral and ileolumbar 

arteries.6 Represents the caudal aorta prior to the development of the limb buds.

 

1.12.2.     Segmental contributions 

to neural territories

Radicular arteries (anterior and posterior)

These  are  vessels  that  enter  the  spine  along  the  spinal  nerves,  including  an 

anterior  one  along  the  ventral  root  and  a  posterior  one  along  the  dorsal  root.  They exist potentially at each level, but are not necessarily contributing to the spinal cord 

76                      1.12. Spinal neurovascular anatomy                                                     ESSENTIAL NEUROVASCULAR ANATOMY at  every  possible  level.  In  the  cervical  spine,  studies  have  shown  an  average  of  2–3 radicular  artery  connections  to  the  spinal  cord,  including  2–3  anteriorly  and  1  or  2 posteriorly.278 In the thoracolumbar region, 80% of spinal cord blood flow comes from 2 radicular contributions.279 Throughout the cord, anterior radicular contributions to the cord number 3–15, and posterior radicular artery contributions number 14–25.280 There  are  two  commonly  mentioned  types  of  radicular  artery  contributions  to  the spinal cord, radiculomedullary, and radiculopial.

●      Radiculomedullary arteries. Radicular branches connecting from generally an 

anterior radicular artery directly to the anterior spinal artery

●      Radiculopial arteries. Radicular branches connecting to pial network and pos-

terior radicular branches connecting to posterolateral spinal arteries.281

●   Artery of Adamkiewicz (aka “arteria radicularis magna” or “artery of the lum-

bar enlargement”)

●   Dominant  radiculomedullary  contribution  to  anterior  spinal  artery  (ASA)  in 

thoracolumbar spine, supplies an average 68% of blood flow to the lower cord, 

with an average diameter of 0.7 mm. 279

●   Classic  “hairpin  turn”  appearance.  Travels  sharply  cephalad  from  radicular 

artery, and then takes a sharp caudal turn as it joins ASA.

●   Variable origin. In nearly all cases, arises from the intercostal and lumbar arter-

ies from T8-L2, 80% of the time on the left. 282 One study showed that 70% of the 

time, Adamkiewicz arises from a lumbar artery.283 Only 3 of 4,000 studied angiog-

raphies of the spine, revealed a dominant radiculomedullary artery below L3.284

●   When  arising  from  above  T8,  or  below  L2,  there  can  be  a  second  dominant 

radiculomedullary contributor above or below.

●   In 63% of cases. The radiculomedullary feeder also has a posterior radiculopial 

contribution to PSA.282

●     Table 1.9 lists vessels that should be considered to be possible contributors to 

the spinal cord.

Strange, but True

Albert Wojciek Adamkiewicz had the bright idea that tabes dorsalis was a blood-

borne disease, so he needed to study the vascular anatomy of the spinal cord.278, 285, 286 The rest is history.

 

Table 1.9 Danger zones: Territories which, if embolized, risk ischemia 

of spinal cord

Comments/

Territory at risk     Anastamosis from    Anastamosis to        reference

Spinal cord              Lumbar and intercos-   Radiculomedullary or    Side-to-side and 

tals arteries               Radiculopial branches    intersegmental anas-

tamoses are common

Costocervical trunk      Artery of cervical         Spinal cord artery 

enlargement may arise from cos-

tocervical trunk or 

from subclavian as a 

separate vessel

Ascending cervical      Anterior spinal artery Deep cervical           Posterolateral spinal 

artery

Segmental vertebral      Anterior or posterola-branches              teral spinal arteries Occipital, muscular       Spinal arteries via branches              segmental vertebral 

branches

Ascending pha-         Spinal arteries via ryngeal, muscular        segmental vertebral branches              branches
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Fig. 1.51 Normal spinal arterial anatomy. (A) Anterior view. Radicular artery (1), radicu-

 

lomedullary artery (2), pial arterial plexus (3), anterior spinal artery (4); (B) Posterior 

view. Radicular artery (1), radiculopial artery (5), posterolateral arteries (6).

 

1.12.3.     Extrinsic cord arteries

These arteries are along the surface of the spinal cord (Fig. 1.51).

●      Anterior spinal artery (ASA)

ASA  is  a  longitudinal  vessel  that  starts  from  terminal  vertebral  arteries  and 

runs continuously down the cord, in the anterior median sulcus of the cord with 

variable  contributions  from  radiculomedullary  inputs.283  Occasionally,  it  may split into two channels, but almost never below C5–6.278

●   Posterolateral spinal arteries (PSA)

Paired longitudinal vessels start from vertebral arteries proximal to PICA (or 

PICA itself) and run more or less discontinuously along the posterolateral cord, 

with  sporadic  contributions  from  radiculopial  inputs.  In  the  cervical  region, 

there may be two pairs of longitudinal vessels posteriorly, including the lateral 

spinal ventral to the dorsal root and posterior spinal dorsal to that dorsal root; 

these two systems merge at C4 or C5.277 A single pair of posterior longitudinal vessels exist throughout the majority of the extent of the cord.

●   Pial  network.  Variable  network  of  longitudinal  and  interconnecting  axial  ves-

sels, that primarily anastamose to the PSA with only very small connections to 

ASA.280

●   Conus “basket”. ASA and PSA systems join together at the lower aspect of the 

conus medularis.

 

1.12.4.     Intrinsic cord arteries

1.  Sulcal commissural arteries

Arise from ASA, dive into the median sulcus, and feed the grey matter structures.

2.  Radial perforating arteries

Arise from pial network, penetrate deeply, and primarily feed white matter tracts.

3.  Intrinsic anastamoses

Axial  and  longitudinal  precapillary  connections  interconnect  the  intrinsic 

arteries  in  all  planes  from  one  to  another  at  the  same  axial  level,  and  to  the 

vessels cranial and caudal to that level.281

 

1.12.5.     Spinal venous systems

These  are  in  many  ways  similar  to  and  in  other  ways  different  from  the  cor-

responding  arterial  organization.  “The  same,  but  different.”  Lasjaunias281  has  an exhaustive description of the venous anatomy.
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1.  Radially  distributed  venules  with  axial  and  longitudinal  anastamoses,  fairly 

uniformly distributed throughout cord

2.  Ventral and dorsal sulcal veins

3.  Transmedullary anastamoses between ventral and dorsal sulcal veins

 

1.12.7.     Extrinsic cord veins

●      Ventromedial and dorsomedial veins

More  or  less  continuous  longitudinal  craniocaudal  channels  of  more  or  less 

equal size. Unlike arteries, ventral vessels are                281 not dominant.

●      Ventral and dorsal pial network

Small  interconnected  veins  collecting  radial  intrinsic  veins  with  longitudinal 

veins.

●      Dorsal and ventral radicular veins

Variable veins connecting cord veins to epidural veins. Levels without a patent 

radicular vein may have a fibrotic remnant. Transdural portion of vein has a 

relative narrowing.

●   In thoracic region: Longitudinal ventromedial and dorsomedial veins often split 

up into three channels. Many more patent radicular veins are usually present, 

compared to cervical or lumbar. Upper thoracic cord may drain cephalad, and 

lower  thoracic  cord  caudad,  giving  a  potential  “watershed  zone”  at  variable 

levels in the thoracic spine.281

 

1.12.8.     Epidural/Extra-spinal veins

●      Epidural venous plexus

Dense, multichannel network from skull-base to sacrum. Lateral longitudinal 

channels and side-to-side connections at each vertebral level. Ventral channels 

are more prominent. No valves.

●      Dorsal and ventral emissary radicular veins

These  connect  epidural  plexus  to  longitudinal  spinal  veins  (vertebral,  azygos/

hemiazygos, lumbar, and sacral veins)

●   Cervical  region:  Vertebral  veins  connect  with  suboccipital  plexus  above  and 

jugular and deep cervical veins below

●   Thoracic region: On right, azygos vein; on left, superior (accessory) and inferior 

hemiazygos veins

●      Lumbar region: Azygos, directly in IVC and left renal vein

●      Sacrum: Internal iliac veins
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2.1.        Introduction

 

Catheter angiography is still considered the gold standard for imaging cerebral 

vasculature.  Diagnostic  angiography  is  also  typically  done  as  the  first  step  during neurointerventional procedures. Mastery of diagnostic angiography is a prerequisite for  neurointerventional  training.  Training  standards  formulated  by  the  American Society of Interventional and Therapeutic Neuroradiology (ASITN), the Joint Section of  Cerebrovascular  Neurosurgery,  and  the  American  Society  of  Neuroradiology (ASNR)  recommend  the  performance  of  at  least  100  diagnostic  angiograms  before entering neuroendovascular training.1 The authors’ preference, however, is for a neu-rointerventionalist-in-training to perform at least 250 diagnostic cerebral angiograms prior to becoming the lead operator in neurointerventional cases.

 

2.2.        Indications

 

1.  Diagnosis of primary neurovascular disease (e.g., intracranial aneurysms, arte-

riovenous malformations, dural arteriovenous fistulas, atherosclerotic stenosis, 

vasculopathy, cerebral vasospasm, acute ischemic stroke)

2.  Planning for neurointerventional procedures

3.  Intra-operative assistance with aneurysm surgery

4.  Follow-up  imaging  after  treatment  (e.g.,  after  aneurysm  coiling  or  clipping, 

treatment of arteriovenous fistulas)

 

2.3.        A brief history of cerebral 

angiography

 

The first report of X-ray angiography of blood vessels was in 1896. In Vienna, E. 

Haschek and O.T. Lindenthal obtained x-rays of blood vessels by injecting a mixture of petroleum, quicklime, and mercuric sulfide into the hand of a cadaver.2 António de Egas  Moniz,  a  Portuguese  neurologist,  is  credited  with  the  introduction  of  cerebral angiography.  Moniz  was  interested  in  developing  “arterial  encephalography”  as  a means to localize brain tumors. He obtained cerebral angiograms in cadavers using a solution of strontium bromide and sodium iodide. These early studies demonstrated universal  branching  patterns  among  the  intracranial  arteries,  which  were  contrary to popular theories based on cadaver dissection. After studies in dogs and monkeys, Moniz  and  his  colleague  Almeida  Lima,  a  neurosurgeon,  performed  the  first  angi-ogram on a living human patient in 1927, in a 53-year-old man with a history of sei-zures  and  hemiparesis.3  The  cervical  internal  carotid  artery  was  surgically  exposed and  temporarily  occluded  with  a  ligature  while  a  total  of  5 mL  of  a  solution  of  25% sodium  iodide  was  injected  into  the  vessel.  Flow  was  restored  in  the  artery  while simultaneously  obtaining  an  X-ray.  Although  no  complications  were  noted  during the procedure and the X-rays showed good filling of the intracranial circulation, the patient  died  two  days  later  in  status  epilepticus.4  Moniz  went  on  to  obtain  success-ful  angiograms  in  other  patients  with  epilepsy,  brain  tumors,  and  postencephalitic Parkinsonism.5,  6  The  first  cerebral  venogram  was  accomplished  in  1931  when  an inadvertent  delay  in  photographing  an  angiographic  plate  led  to  an  image  of  the venous angiographic phase, which Moniz termed a “cerebral phlebogram.”

The technique became fully developed in the 1930s. By then, cerebral angiography 

involved direct percutaneous puncture of the carotid artery and injection of iodinated 

DIAGNOSTIC CEREBRAL ANGIOGRAPHY                                     2.3. A brief history of cerebral angiography                   87 organic contrast media.7 Despite a flurry of publications about cerebral angiography over the ensuing decade, many by Moniz himself, ventriculography and encephalogra-phy remained more popular as methods to image intracranial pathology.8 Moniz was awarded the Nobel Prize in Physiology and Medicine in 1949 for his work on frontal leukotomy for psychiatric disorders, which, unlike cerebral angiography, gained early and  widespread  acceptance  by  the  medical  community. 9  The  popularity  of  cerebral angiography  did  rise  significantly  by  the  1950s,  becoming  the  premier  method  to image the intracranial space. The neurosurgeon Gazi Yasargil performed some 10,000 angiograms between 1953 and 1964.8

Direct  percutaneous  puncture  of  the  cervical  carotid  artery  remained  the  pri-

mary technique for cerebral angiography in the 1950s and 1960s. Direct puncture of the vertebral artery was reported in 1956; 10 the posterior circulation was also imaged by  puncture  of  the  right  brachial  artery  and  retrograde  injection  of  the  contrast into the vertebral artery. 11, 12 The movie The Exorcist (1973) featured a graphic (and realistic) depiction of a direct carotid stick. The transition from direct puncture of the cervical  vessels  to  transfemoral  artery  arteriography  began  in  the  late  1960s13  and became widespread in the 1970s.

The  introduction  of  computed  tomography  (CT)  in  the  early  1970s  sharply 

reduced  the  demand  for  diagnostic  angiography,  although  the  field  continued  to develop  because  of  the  advent  of  interventional  cardiology  and  other  interventional fields.  Metrizamide,  introduced  in  the  1970s,  was  the  first  nonionic  isosmolar  iodi-nated contrast medium. Nonionic contrast media improved the safety and comfort of angiographic procedures considerably.

Digital subtraction angiography (DSA) was introduced in the 1980s as a method 

for intravenous injection of contrast for imaging the arterial system, as the contrast in  the  arterial  system  following  intravenous  injection  was  too  dilute  to  be  imaged with standard X-rays. Over the ensuing decade, the spatial resolution of DSA imag-ing improved to the extent that it began to rival the resolution of unsubtracted X-ray images. Further technical refinements in recent years include rotational angiography, 3D angiography, and flat panel detectors for imaging.

 

2.4.  Complications of diagnostic cerebral 

angiography

 

Informed consent prior to an angiogram should include an estimate of the risk 

of complications.

 

2.4.1.       Neurological complications

Neurological complications in cerebral angiography are most commonly cerebral 

ischemic  events  that  occur  as  a  result  of  thromboembolism  or  air  emboli  from  cath-eters and wires. Other causes include disruption of atherosclerotic plaques and vessel dissection. Less common neurological complications include transient cortical blind-ness14 15                    16 and amnesia.

In  a  prospective  analysis  of  2,899  diagnostic  cerebral  angiograms,  the  largest 

recent  series  published  to  date,  Willinsky  and  colleagues  reported  an  overall  rate of  neurological  complications  of  1.3%. 17  Of  these,  0.9%  were  transient  or  reversible, and 0.5% were permanent. The Asymptomatic Carotid Atherosclerosis Study (ACAS) reported an often quoted neurological complication rate of 1.2% with angiography. 18

The  risk  of  complications  appears  to  be  related  to  the  underlying  disease  proc-

ess. Patients with atherosclerotic carotid disease have been reported to be at elevated risk of neurological complications with cerebral angiography. 19 Other risk factors for neurological  complications  include  a  recent  cerebral  ischemic  event,20,  21  advanced age, 17, 19                                                           19, 22, 23                                                      23 a long angiography procedure time, and a diagnosis of hypertension, diabetes23                            24 or renal insufficiency.

The risk of neurological complications in patients with subarachnoid hemorrhage, 

intracranial aneurysms, and arteriovenous malformations was found to be relatively low  in  a  meta-analysis  of  prospective  studies  of  angiography.21  For  these  patients, the  overall  rate  of  neurological  complications  was  0.8%,  and  the  rate  of  permanent neurological complications was 0.07%. The Joint Standards of Practice Task Force of the  Society  of  Interventional  Radiology,  the  American  Society  of  Interventional  and 
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Table 2.1 Quality improvement guidelines for adult diagnostic 

neuroangiography

Suggested complication 

– specific threshold (%)

Neurological            Reversible neurologic deficit            2.5 complications

Permanent neurologic deficit            1

Non-neurologic         Renal failure                           0.2 Complications

Arterial occlusion requiring               0.2 surgical thrombectomy or 

thrombolysis

Arteriovenous fistula/                     0.2 pseudoaneurysm

Hematoma requiring transfusion        0.5 or surgical evacuation

All major                                                           2 complications

Quality improvement guidelines for adult diagnostic neuroangiography: Cooperative study between 

ASITN, ASNR, and SIR25

 

Therapeutic  Neuroradiology,  and  the  American  Society  of  Neuroradiology  reviewed the  complications  reported  in  clinical  series  and  produced  guidelines  for  expected complication rates in neuroangiography (           25 Table 2.1 ). The figures in these guidelines can be quoted to patients during informed consent.

 

2.4.2.       Nonneurological complications

Nonneurological  complications  of  cerebral  angiography  via  the  femoral  artery 

include groin and retroperitoneal hematoma, allergic reactions, femoral artery pseu-doaneurysm, thromboembolism of the lower extremity, nephropathy, and pulmonary embolism. 26  In  a  review  of  2,899  cerebral  angiograms,  hematomas  occurred  in  0.4% of procedures, allergic cutaneous reactions occurred in 0.1%, and a pseudoaneurysm occurred after one (0.03%) procedure.17

 

2.5.        Selective cerebral angiography: 

basic concepts

 

2.5.1.       Preprocedure evaluation

1.  A brief neurological exam must be conducted to establish a baseline, should a 

neurologic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The  femoral  pulse,  as  well  as  the  dorsalis  pedis  and  posterior  tibialis  pulses, 

should be examined.

4.  Blood  work,  including  a  serum  creatinine  level  and  coagulation  parameters, 

should be reviewed.
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1.  NPO except medications for 6 h prior to the procedure.

2.  Place 1 peripheral IV (2 if an intervention is anticipated)

3.  Place foley catheter (only if an intervention is anticipated)

 

2.5.3.       Contrast agents

Nonionic  contrast  agents  are  safer  and  less  allergenic  than  ionic  prepara-

tions.27–30                            ®  Iohexol  (Omnipaque,  GE  Healthcare,  Princeton,  NJ),  a  low  osmolality, nonionic  contrast  agent,  is  relatively  inexpensive  and  probably  the  most  commonly used agent in cerebral angiography.

1.  Diagnostic angiogram: Omnipaque®, 300 mg I mL−1 2.  Neurointerventional procedure: Omnipaque®              −1 , 240 mg I mL

Patients  with  normal  renal  function  can  tolerate  as  much  as  400–800 mL  of Omnipaque ®              −1                         31 , 300 mg I mL without adverse effects.

 

2.5.4.       Femoral artery sheath (vs. no sheath)

Trans-femoral angiography can be done with or without a sheath.

Sheath:

1.  Allows for the rapid exchange of catheters and less potential for trauma to the 

arteriotomy site.

2.  Shown in a randomized trial to lessen the frequency of intraprocedural bleed-

ing at the puncture site, and to ease catheter manipulation.32

3.  Short sheath (10–13-cm arterial sheath) is used most commonly

4.  Longer  sheath  (25 cm)  is  useful  when  ileofemoral  artery  tortuosity  or  athero-

sclerosis might impair catheter navigation.

5.  Technique:  A  5-F  sheath  (Check-Flo®  Performer®  Introducer  set;  Cook, 

Bloomington, IN) is slowly and continuously perfused with heparinized saline 

(2,000 U heparin per liter of saline) under arterial pressure.

6.  Sheaths come in sizes 4 F up to 10 F or larger. The size refers to the inner diam-

eter. The outer diameter is 1.5–2.0 F larger than the stated size.

No sheath:

1.  Slightly smaller arteriotomy and permitting earlier ambulation.

2.  Use a 4-F, 5-F, or 3.3-F catheter.33 3.  Technique: After the Potts needle enters the femoral artery, a 145 cm 0.035 in. 

J-tipped  wire  (for  most  4-F  catheters)  or  a  145 cm  0.038 in.  J-tipped  wire  (for 

most 5-F catheters) is introduced instead of a short J-wire. The Potts needle is 

then exchanged for an appropriately sized dilator, which is then exchanged for 

the diagnostic catheter.

4.  Note: If a 4-F catheter is going to be used without a sheath, use a 19 gauge arte-

rial  access  needle  or  a  micropuncture  set,  because  a  standard  18  gauge  Potts 

needle  creates  an  arteriotomy  larger  than  the  catheter,  resulting  in  bleeding 

around the catheter.

 

2.5.5.       Sedation/analgesia

1.  Midazolam (Versed®) 1–2 mg IV for sedation; lasts approximately 2 h 2.  Fentanyl (Sublimaze®) 25–50 mcg IV for analgesia; lasts 20–30 min

The  use  of  sedation  should  be  minimized,  as  over-sedation  makes  it  hard  to  detect subtle  neurological  changes  during  the  procedure.  Paradoxical  agitation  has  been reported in up to 10.2% of patients,34 particularly elderly patients and patients with a  history  of  alcohol  abuse  or  psychological  problems. 35 ®   Flumazenil  (Romazicon) 

0.2–0.3 mg IV can reverse this effect.36
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2.5.6.       Suggested wires and catheters 

for diagnostic cerebral angiography

 

2.5.6.1.      Hydrophilic wires

●                                 ® The  0.035 in.  angled  Glidewire  (Terumo  Medical,  Somerset,  NJ)  is  soft,  flex-

ible, and steerable.

●                                ® The 0.038 in. angled Glidewire (Terumo Medical, Somerset, NJ) is slightly stiffer 

than the 0.035 in., making it helpful when added wire support is needed.

● Extra-stiff versions of these wires are available for even more support, but they 

should be used with extreme caution because of the tendency of the tip to dis-

sect vessels.

[image: ]

 

Fig. 2.1 Recommended diagnostic catheters.

 

Catheter                                 Use

5-F Angled Taper                    Good all-purpose diagnostic catheter 4- or 5-F Vertebral Good all-purpose diagnostic catheter, slightly stiffer than 

the Angled Taper but similar in shape

4 or 5 F Simmons 1                 Spinal angiography 4 or 5 F Simmons 2 or 3 Left common carotid artery; bovine configuration; tortuous 

aortic arch; patient’s age >50

5 F CK-1 (aka HN-5)                 Left common carotid or right vertebral artery 5 F H1 (aka Headhunter)             Right subclavian artery; right vertebral artery 4 or 5 F Newton                     Tortuous anatomy, patients >65

 

Measurement systems

●     Needles:  Gauge,  which  is  a  measurement  system  too  obscure  for  the  human 

mind to grasp. The larger the gauge, the smaller the needle

●     Catheters: French (F), defined as the outer diameter of a catheter measured as a 

multiple of thirds of a millimeter (French number/3 = outer diameter in mm)

●     Wires: Measured in thousandths of an inch. (a 0.035 wire is 0.035 in. thick)

 

2.6.        Catheter navigation

 

Diagnostic  catheters  should  usually  be  advanced  over  a  hydrophilic  wire.  The 

wire keeps the catheter tip from rubbing against the wall of the vessel and causing a  dissection.  When  advancing  the  wire  and  catheter  toward  the  aortic  arch  from 
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should  be  followed  by  direct  fluoro-

scopic  visualization.  The  catheter/wire 

assembly  should  never  be  advanced 

with  <8–10 cm  of  wire  extending  from 

the  tip,  as  a  short  length  of  leading 

wire  can  act  as  a  spear  and  cause 

injury  to  the  intima.  A  catheter/wire 

assembly  with  only  a  few  cm  of  wire 

sticking  out  can  resemble  a  Roman 

short sword (Fig. 2.2).

 

Fig. 2.2 Roman short sword.

 

2.7.        Roadmapping

 

Roadmapping  should  be  used  when  engaging  the  vertebral  arteries,  and  the 

internal and external carotid arteries. Roadmapping is essential during intracranial navigation.  In  some  angiography  suites,  a  “false  roadmap”  can  be  created  using  a regular digital subtraction angiogram; a frame from an angiographic run is selected, then inverted (i.e., vessels are turned white against a black background). This tech-nique conserves contrast and reduces radiation exposure.

 

2.8.        Double flushing

 

Double  flushing  consists  of  aspiration  of  the  contents  of  the  catheter  with  one 

10-mL  syringe  of  heparinized  saline,  followed  by  partial  aspiration  and  irrigation with a second syringe of saline. This maneuver clears clots and air bubbles from the catheter, and should be done every time a wire is removed from the catheter, prior to the  injection  of  contrast.  Meticulous  attention  to  detail  is  required  to  prevent  blood from sitting in the catheter lumen, where it can coagulate into potential emboli. Any air bubbles in the system can also occlude small vessels if injected intravascularly.

 

2.9.        Continuous saline infusion

 

A  three-way  stopcock  or  manifold  can  be  used  to  provide  a  heparinized  saline 

drip through the catheter. This continuous drip is particularly useful if there is any delay between injections of contrast, because it keeps the catheter lumen free of blood products. Careful double flushing is still required if a wire is inserted and removed or if any blood is present in the lumen. Use of stopcocks and continuous infusion is mandatory for any therapeutic intervention.
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2.10.      Hand injection

 

A 10-mL syringe containing contrast should be attached to the catheter, and the 

syringe  should  be  snapped  with  the  middle  finger  several  times  to  release  bubbles stuck to the inside surface. The syringe should be held in a vertical position, with the plunger directed upward, to allow bubbles to rise away from the catheter (Fig. 2.3). For larger vessels, like the common carotid artery, the plunger on the syringe can be depressed  with  the  palm  of  the  hand  in  order  to  generate  enough  force;  for  smaller vessels,  like  the  vertebral  arteries,  thumb-depression  of  the  plunger  is  sufficient. An  adequate  angiographic  run  can  be  done  with  a  single  swift  injection  of  4–6 mL of  contrast  (70%)  mixed  with  saline  (30%).  The  patient  should  be  instructed  to  stop breathing  (“Don’t  move,  don’t  breath,  don’t  swallow”)  for  several  seconds  during  the angiogram, then told to start breathing again.

A Poetic Interlude

Bubbles

I love ‘em in my lager.

I love ‘em in my stout.

But when they get inside my head

I want to get them out!

I hate them in carotids.

I hate them in the “verts.”

They end up doing something bad.

Oh yes, it really hurts!

The small ones make me stupid.

The big ones make me dead.

‘Cause when they get inside me

They dance around my head!

The little doctors search and search

And shake out all they find.

The ones they missed

(It makes me pissed!)

Will make me lose my mind!

They find them in my saline.

They find them everywhere!

And superficial temporal ones

Will make me lose my hair!

 

Prevention of cerebral air emboli

●  Use meticulous technique for flushing and contrast injections (see above).

●  Whenever possible, flush the catheter in the descending aorta to keep bubbles 

away from the cerebral circulation.

●  After filling a syringe, allowing it to sit for a few minutes before injection will 

allow bubbles to come out of suspension and become visible.37

●     A slower flush is less likely to cause bubbles than a rapid flush.37

●                               ® 1.2-µ m  Intrapur  filter  (B.  Braun  Medical,  Bethlehem,  PA)  in  the  tubing  for 

contrast or saline injections can reduce the risk of air emboli.38

DIAGNOSTIC CEREBRAL ANGIOGRAPHY                                                       2.10. Hand injection                  93

[image: ]

Fig. 2.3 Syringe holding method for hand injections. Correct method (left): The syringe is 

 

grasped in the palm of the hand when it is attached to the catheter; this position places 

the plunger in an upright position to allow bubbles to rise away from the attachment to the catheter. Incorrect method (right): The syringe is held in a horizontal position, like a 

weapon. Bubbles can go any which way.

 

Management of cerebral air emboli

Prevention  is  best,  but  if  air  emboli  are  suspected,  urgent  treatment  is  required 

to prevent stroke caused by occlusion of flow in vessels due to the surface tension 

produced by the interface between air and blood. ●  If  the  gas  embolus  is  large  enough  to  be  detected  fluoroscopically,  and  the 

vessel  is  easily  accessible,  a  microcatheter  may  be  used  to  aspirate  the  gas 

embolus and flush the vessel with heparinized saline to break up the remain-

ing bubbles.

●  Quick  and  readily  available  (though  unproven)  methods  include  the  use  of 

transcranial  Doppler  (to  agitate  and  break  up  bubbles),  heparinization  (to 

prevent clot from forming in vessels stagnating from the air), and administra-

tion of oxygen and induction of hypertension (as in vasospasm therapy).

●  If  available,  hyperbaric  oxygen  chambers  have  been  shown  (anecdotally  and 

in small series) to result in good outcomes.39–42 One series suggests that even after  considerable  delay  in  initiating  therapy,  hyperbaric  oxygen  helps.43 However, a larger series showed 67% good outcome when hyperbaric treatment 

was started within 6 h after the onset of symptoms, vs. only 35% good outcomes 

when treatment began later.44

●  Induction of retrograde cerebral flow by infusing arterial blood under pressure 

in the jugular vein has been shown to limit ischemic damage to the brain.45

●  When  in  doubt,  a  variety  of  methods  can  be  used  simultaneously,  including 

hyperbaric oxygen plus retrograde cerebral flow plus induction of barbiturate coma to attempt to protect the brain.46

●  The  most  important  thing  is  to  recognize  that  air  emboli  have  occurred  and 

then use whatever treatment modalities that are available.

 

2.11.      Mechanical injection

 

A power contrast injector is necessary for aortic arch angiograms, and some oper-

ators prefer to use an injector routinely for other vessels as well. Mechanical injection can lower radiation exposure to the operator’s hands and body. 47 The pressure (pounds per square inch, psi) and flow rate during the injection should not exceed the rated pressure  or  flow  rate  of  the  catheter.  Likewise,  if  a  stopcock  is  used,  the  psi  during injection  should  not  exceed  the  rated  pressure  and  flow  rate.  Common  power  injec-tor  settings  for  selective  catheter  digital  subtraction  diagnostic  angiograms  using  a 
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5-F catheter are listed in Table 2.2. The term “rate rise” refers to  a  setting  on  the  mechani-

cal  injector  that  causes  it  to 

gradually  increase  the  rate  of 

contrast  flow  during  the  injec- Table 2.2 Standard power injector settings  tion,  to  prevent  the  catheter 

tip  from  being  kicked  out  of             Vessel           Power injector settings the  vessel  it  is  in.  Rate  rise  is 

defined  as  the  time  required                                     −1 Aortic arch 20 mL s; total of 25 mL during  the  injection  to  reach 

the  maximum  flow  rate.  If  the                                      −1 Common carotid artery 8 mL s; total of 12 mL vessel  is  smaller  than  average,                                       −1 Subclavian artery 6 mL s; total of 15 mL

an unstable position within the                                   −1 External carotid artery 3 mL s; total of 6 mL vessel,  a  rate  rise  of  0.3–0.5 s occluded, or if the catheter is in                                      −1 Internal carotid artery 6 mL s; total of 8 mL should  be  used.  Power  injector                                      −1 Vertebral artery 6 mL s; total of 8 mL settings  are  different  (longer) 

when  a  3D  angiogram  is  done;  For digital subtraction angiography using a 5-F catheter

typical  settings  for  3D  images 

are  3 mL  s−1,  total  of  6 mL  or 4 mL s −1; total of 12 mL.

 

2.12.      Vessel selection

 

A cerebral angiogram should begin with the vessel of interest first, so that the 

most  important  vessels  can  be  imaged  in  case  problems  with  the  equipment  or  the patient  prevents  completion  of  the  entire  angiogram.  Following  catheterization  of the vessel of interest, it is usually easiest to navigate from right to left (i.e., the right vertebral artery, followed by the right common carotid artery, etc.).

 

2.12.1.  Angiographic Images and standard views

Biplane angiography is the standard of care for cerebral angiography. It allows for 

orthogonal images to be simultaneously obtained with a single contrast injection, limit-ing the time and amount of contrast needed to adequately visualize the cerebral vascu-lature. Monoplanar cerebral angiography is acceptable only when biplane equipment is  not  available;  the  use  of  monoplane  imaging  is  limited  by  its  inability  to  perform automatic optical calibration and to image from orthogonal views simultaneously.

1.  When  viewing  the  angiographic  images,  the  contrast  and  brightness  of  the 

image  should  be  adjusted  so  that  vessels  are  semitransparent;  this  can  allow 

visualization  of  aneurysms,  branches,  or  filling  defects  (e.g.,  intraluminal 

thrombus) which may otherwise not be visible.

2.  Other  imaging  features  worthy  of  attention  during  the  performance  of  a  cer-

ebral angiogram:

(a)  Vessel contour and size (“angioarchitecture”)

(b)  Contrast flow patterns

(c)  Presence or absence of a vascular blush

(d)  Venous phase (i.e., do not forget to examine the venous phase)

(e)  Bony anatomy


Standard posterio-anterior (PA) projections are illustrated in Fig. 2.4. The standard PA view places the petrous ridges in the lower 1/3 of the orbits. The Caldwell  projection aligns the petrous ridges with the bottoms of the orbits to provide an  optimal view of orbital and supratentorial structures unobstructed by the petrous ridges. The Towne’s view aligns the petrous ridges with the superior rim of the orbits and is the standard PA view for imaging the posterior fossa. The Water’s view is inclined 45° relative to the skull base and positions the petrous ridges some distance below the orbits; this is a good view for imaging the maxillary sinuses.
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Fig. 2.4 Standard PA and lateral projections

 

a.  PA (postero-anterior).  The petrous bones are at the lower edge of the orbits.

b.  Caldwell. The petrous bones are about one third of the way up the orbits.

c.  Towne. The foramen magnum (arrow) can be seen through the calvarium.

d.  Water. The view is from below; the maxillary sinuses (arrow) can be seen clearly.

e.  Submentovertex.  The view is from way below; the vertex of the skull is framed by the 

mandible.

f.  Lateral. On a straight lateral view, the floors of the left and right frontal fossas directly 

overlapping.

 

The Haughton projection is a lateral view and is helpful for imaging the carotid 

siphon and the middle cerebral bifurcation. The patient’s head is inclined away from the side of the injected carotid artery;48 this view opens up the carotid siphon.

 

Pearl

Mnemonic for remembering the relative positions of the standard PA projec-

tions: The Water(s) runs beneath the Town(e). Caldwell is in between.

 

2.12.2.     Frame rates for digital subtraction 

angiography

Most cerebral angiography can be done with 3–5 frames per second (fps). Higher 

rates  (e.g.,  8–20 fps)  are  useful  for  imaging  arteriovenous  malformations  and  other high-flow lesions. Usually, a variable frame rate may be used to limit radiation dose, since  a  higher  frame  rate  (3  per  second)  is  needed  in  the  arterial  phase,  whereas  a lower rate (0.5–1 per second) can be used in the venous phase. For standard cerebral 
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Table 2.3 Standard views

Target                  Optimal views           Additional views/ 

comments

Carotid bifurcation                  PA                               Ipsilateral oblique

Lateral

Anterior intracranial                 Caldwell                          Transorbital oblique circulation

Lateral

ICA cavernous segment           Caldwell                       Haughton

Lateral

ICA ophthalmic segment          Caldwell                       Transorbital oblique

Lateral

Posterior communicating          Haughton                     Lateral artery aneurysms

Transorbital oblique

ICA bifurcation                     Transorbital oblique Anterior communicating           Transorbital oblique artery aneurysms

Middle cerebral artery              Transorbital oblique              . aneurysms

Submentovertex

Middle cerebral artery              Lateral with Haughton candelabra

Waters with oblique

Vertebral artery origin               Towne                           The vertebral artery arises 

from the posterior aspect 

of the subclavian artery

Posterior circulation                Water                            Ipsilateral oblique

Lateral

Basilar artery                        Water                            Ipsilateral oblique

Lateral Water will “elongate” the 

basilar artery trunk

PCA, SCA, AICA, PICA            Towne                        Ipsilateral oblique

Lateral

Basilar apex aneurysms           Water                         Ipsilateral oblique

Lateral

Angiographic positions for common anatomical targets. ICA internal carotid artery, PCA posterior cerebral artery, SCA superior cerebellar artery, AICA anterior inferior cerebellar artery, PICA posterior inferior cerebellar artery

 

arteriography, a 10–12 s imaging sequence allows for visualization of arterial, capil-lary, and venous phases.

 

2.12.3.     Calibration and measurement

Biplanar angiography units are capable of auto-calibration by analysis of simul-

taneous orthogonal images. Monoplanar angiography requires placement of a marker on or in the patient. A United States dime is 18 mm in diameter and can be taped to the patient’s face or head; however a marker on the surface of the patient’s body can 

 

DIAGNOSTIC CEREBRAL ANGIOGRAPHY                                                      2.12. Vessel selection                  97 be  inaccurate  in  the  measurement  of  internal  structures  because  of  magnification. Magnification error can lead to errors in linear measurement of up to 13%.49 Markers on  intravascular  catheters  and  wires,  placed  close  to  the  angiographic  target,  are more accurate. The ATW ™ Marker Wire (Cordis, Miami Lakes, FL) has radio-opaque markers  that  are  1-mm  wide  and  spaced  10 mm  apart.  “Two-tipped”  microcatheters for  detachable  coil  deployment  have  markers  that  are  spaced  3 cm  apart.  To  maxi-mize  accuracy,  the  calibration  marker  and  the  structure  being  measured  should  be as  close  to  the  center  of  the  image  as  possible  to  minimize  the  effect  if  X-ray  beam divergence.

 

2.13.      Procedures

 

2.13.1.     Femoral artery puncture

1.  The groin area is prepped and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine) is infiltrated, both by raising a wheal and injecting deeply toward the 

artery.

3.  Five-millimeter  incision  is  made  parallel  to  the  inguinal  crease  with  an 

11-blade scalpel.

4.  A  Potts  needle  is  advanced  with  the  bevel  facing  upward.  The  needle  is 

advanced  at  a  45°  angle  to  the  skin,  pointing  toward  the  patient’s  opposite 

shoulder.

5.  A  single  wall  puncture  is  useful  if  heparin  or  antiplatelet  agents  are  used.  It 

can be done by looking for blood return from the hollow stylet of the Potts nee-

dle. The needle should be advanced one to two millimeters after the first blood 

return since the stylet protrudes that far beyond the tip of the needle.

6.  A two wall puncture is obtained by advancing the needle through and through 

both vessel walls, then removing the stylet, and slowly withdrawing the needle 

until pulsitile blood return is obtained.

7.  When  bright  red,  pulsitile  arterial  blood  is  encountered,  a  J-wire  is  gently 

advanced through the needle for 8–10 cm.

8.  The  needle  is  then  exchanged  for  a  5-F  sheath,  which  is  secured  with  a  silk 

stitch.

 

Pearls

If the artery is difficult to locate, try the following tricks:

●  When the Potts needle is inserted, let go of the needle. If the needle pulsates, 

the artery is usually located to the side that the needle is pulsating toward.

●  Fluoroscopic bony landmarks. On PA fluoroscopy, the femoral artery is located 

1 cm medial to the center of the femoral head (Fig. 2.5).

●  Use  a  micropuncture  set  (see  instructions  below).  An  atherosclerotic  femoral 

artery can be heavily calcified and deflect larger needles; a smaller needle can 

be helpful.

●                                                                                                             ® Use  a  needle  with  a  doppler  ultrasound  stylet  (Smart-needle,  Peripheral 

Systems Group, Mountain View, CA) (20 gauge or smaller) to allow puncture 

of a non-palpable vessel.

●     Try the opposite groin or the upper extremity approach. ●  Puncturing vascular grafts can be difficult due to extensive scar tissue. This 

may  require  use  of  a  stiff  Amplatz  guidewire,  use  of  dilators  one  size  larger 

than the inserted catheter or sheath, and certain soft catheters should not be 

used because they may fracture. In general, it is best to use a sheath in Gortex 

grafts.
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Fig. 2.5 Fluoroscopic landmarks for femoral artery puncture. The femoral artery is 

 

located approximately 1 cm medial to the center of the femoral head. The “X” indicates 

the center of the femoral head.

 

Micropuncture technique

1.  Obtain micropuncture set

2.  Insert the 21 gauge needle in same fashion as a Potts needle.

3.  Insert 0.018 in. microwire.

4.  Exchange 21 gauge needle for the dilator.

5.  Exchange dilator for the sheath.

 

2.13.2.     Aortic arch imaging

1.  A 4-F or 5-F pigtail catheter is guided over a hydrophilic wire into the ascend-

ing part of the aortic arch.

2.  The image intensifier (II) is placed on low magnification and rotated 30° to the 

left.

3.  The patient’s head is rotated to the left, so that his or her face is facing the II 

(this position will permit visualization of the cervical vessels).

4.  A power injector is used to administer contrast.

5.  Standard left anterior oblique (LAO) view can be supplemented with a lateral 

view by rotating the II 30° to the right.

 

2.13.3.     Carotid artery catheterization

1.  An  angled  diagnostic  catheter  is  advanced  over  a  hydrophilic  wire  over  the 

aortic arch to a position proximal to the innominate artery.

2.  The  wire  is  then  brought  back  into  the  catheter,  and  the  catheter  is  gently 

pulled back, with the tip of the catheter facing superiorly, until the innominate 

artery is engaged. The wire is then advanced superiorly in the right common 

carotid artery, followed by the catheter.

3.  To  engage  the  left  common  carotid  artery,  the  catheter  is  gently  and  slowly 

pulled out of the innominate artery, with the wire inside the catheter and the 

tip facing to the patient’s left, until the catheter “clicks” into the left common 

carotid. The wire is then advanced superiorly, followed by the catheter.

4.  For older patients (>50 years), and those with a bovine arch configuration, the 

Simmons II catheter is helpful for accessing the left common carotid.
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the cervical carotid system should be done to check for internal carotid artery 

stenosis for any patient at risk of atherosclerosis. Catheterization of the inter-

nal carotid artery should be done under road-map guidance.

6.  Turning the patient’s head away from the carotid being catheterized may allow 

the wire and/or catheter to enter the vessel more easily.

7.  Once the common carotid is catheterized, turning the head away from the side 

being  catheterized  facilitates  internal  carotid  catheterization,  and  turning 

toward the ipsilateral side facilitates external carotid catheterization.

8.  When  the  wire  or  catheter  does  not  advance  easily  into  the  vessel  of  inter-

est,  asking  the  patient  to  cough  may  sometimes  bounce  the  catheter  into 

 position.

 

2.13.4.     Vertebral artery catheterization

1.  An angled diagnostic catheter is advanced over a hydrophilic wire and placed 

in the subclavian artery. Intermittent “puffing” of contrast will allow identifica-

tion of the vertebral artery origin.

2.  A  road  map  is  made  and  the  wire  is  passed  into  the  vertebral  artery  until 

the tip of the wire is in the upper third of the cervical portion of the vessel. 

Placing the wire relatively high in the vertebral artery provides adequate pur-

chase for advancement of the catheter, will help straighten out any kinks in 

the artery that may be present near the origin, and will also facilitate smooth 

passage  of  the  catheter  past  the  entrance  of  the  of  artery  into  the  foramen 

tranversarium at C6. The C6 foramen transversarium is where the vertebral 

artery makes a transition from free-floating to fixed, and is a region at risk 

for iatrogenic dissection if the catheter is allowed to scrape against the wall 

of the vessel.

3.  Remember that the vertebral artery makes a right angle turn laterally at C2, 

so be careful not to injure the vessel at that point with the wire.

4.  After removal of the wire, and double flushing, an angiogram should be done 

with the tip of the catheter in view, to check for dissection of the vessel during 

catheterization.

5.  For  patients  at  risk  of  atherosclerosis,  an  angiogram  of  the  vertebral  artery 

origin should be done prior to accessing the vessel to check for stenosis.

6.  Uncommonly,  the  left  vertebral  artery  arises  directly  from  the  aorta,  which 

should be kept in mind when the origin of the vessel cannot be found on the left 

subclavian artery.

7.  When kinks or loops in the vessel prevent catheterization, tilting the head away 

from the vertebral artery being catheterized can help.

Several options exist for patients in whom vessel tortuosity (usually of the innominate artery) makes catheterization of the vertebral artery difficult.

1.  The roadmap should be done with an ipsilateral oblique Towne view; this will 

show  the  vertebral  artery  origin,  and  separate  the  vertebral  artery  from  the 

common carotid artery.

2.  A Headhunter catheter is well suited for navigation through a tortuous innomi-

nate artery.

3.  Other  catheters  that  can  be  helpful  in  negotiating  a  difficult  right  vertebral 

artery are the Vertebral catheter and the DAV catheter.

4.  When catheterization of the vertebral artery is not possible because of tortuos-

ity of the great vessels or atherosclerotic stenosis, an adequate angiogram can 

be  done  by  inflating  a  blood  pressure  cuff  on  the  ipsilateral  upper  extremity 

and injecting 100% contrast into the subclavian artery with a power injector. 

Be  careful  not  to  place  the  catheter  with  its  tip  in  the  thyrocervical  or  cos-

tocervical trunks. A large volume contrast injection in these small vessels can 

be painful, and can cause spinal cord injury in cases where large spinal cord 

feeders arise from these branches, or even directly from the subclavian artery. 

If the catheter tip cannot be placed in a stable position in the subclavian artery 

proximal to the origin of the vertebral artery, place the tip distal to the origin 

of the vertebral artery.

●  The power injector should be set to allow a good injection without kicking 

the catheter out.

●                −1 6 mL s; total of 25 mL ●     Linear rate rise: 0.5 s
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2.13.5.     Reconstituting a Simmons 2 catheter

The  Simmons  2  catheter  is  useful  in  the  catheterization  of  the  left  common 

carotid  artery,  particularly  when  there  is  a  bovine  configuration,  when  the  aortic arch is tortuous, and in patients aged >50. The catheter can be reconstituted in the left  subclavian  artery,  the  aortic  arch,  or  the  aortic  bifurcation  (Figs.  2.6  and  2.7). Reconstitution  in  the  left  subclavian  or  aortic  bifurcation  is  preferred  to  the  aortic arch, to minimize risk of dislodging atherosclerotic plaque material and subsequent embolization into the intracranial circulation.

Remember that the tip of the Simmons catheter advances into the vessel when 

you  pull  back  on  the  catheter  at  the  groin  and  pulls  out  of  the  vessel  when  the catheter is pushed forward at the groin. This effect is the reverse of the behavior of more simple-curved or angled catheters. The Simmons catheter can also be advanced antegrade over a wire, allowing for selective catheterization of the internal or external carotid arteries.

 

2.13.6.  Femoral artery puncture site management

The  “gold  standard”  for  management  of  the  arteriotomy  after  an  angiogram  is 

manual compression.

1.  The sheath is removed while pressure is applied to the groin 1–2 cm superior to 

the skin incision.

2.  Pressure is applied for 15 min, usually 5 min of occlusive pressure, followed by 

10 min of lesser pressure.

(a)  For patients on aspirin and/or clopidogrel, a longer time is required, usu-

ally 40 min. At the end of the time period, pressure on the groin is slowly 

released and a pressure dressing is applied.

3.  At  the  end  of  the  time  period,  pressure  on  the  groin  is  slowly  released  and  a 

pressure dressing is applied.

4.  The Chito-seal™ pad (Abbott Laboratories, Abbott Park, IL) and the Syvek® NT 

Patch (Marine Polymer Technologies, Inc., Danvers, MA) are topical hemostatic 

agents  that  can  be  applied  to  the  incision  after  sheath  removal  to  accelerate 

hemostasis.

(a)  In an animal model, the Syvek® Patch was found to control bleeding bet-

ter than Chito-seal ™ 50 .

(b)  These  topical  agents  cannot  be  expected  to  produce  the  same  security 

of  hemostasis  as  the  closure  devices  described  below,  especially  if  the 

sheath size is greater than 5 French.
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Fig. 2.6 Reconstituting a Simmons 2 Catheter in the left subclavian artery. The catheter is advanced over a hydrophilic wire into the left subclavian artery so that the tip is in the subclavian artery (A), and the primary bend in the catheter (the “elbow”) is in the aortic arch. The wire is then withdrawn until the tip is proximal to the elbow (B), and the cath-

eter is then pushed forward, until the elbow moves into the proximal part of the aortic 

arch (C), and the tip of the catheter is out of the subclavian artery, directed backward 

toward the shaft of the catheter.
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Fig. 2.7 Alternative method for reconstituting a Simmons 2 Catheter. The catheter is 

 

advanced over a hydrophilic wire so the tip of the catheter is in the ascending aorta (A). The wire is then withdrawn until the wire tip is proximal to the elbow, and the catheter is rotated clockwise as it is simultaneously withdrawn so that the loop is in the descending 

aorta (B–C). The wire is then advanced swiftly (D), to reconstitute the catheter.

 

5.  The  femoral  artery  clamp  (Compressar®,  Instromedex,  Hillsboro,  OR)  can  be 

used instead of manual compression; the patient must be cautioned to remain 

still while the clamp is in place.

6.  A balloon compression dressing (FemoStop®plus Femoral Compression System, 

Radi  Medical  Systems,  Wilmington,  MA)  compresses  the  site  with  a  balloon, 

but the balloon must be deflated after 1 h to prevent pressure injury to the skin. 

The  dressing  is  then  left  in  place  and  the  balloon  can  be  reinflated  if  oozing 

from the site occurs.

7.  After  compression,  the  patient  should  remain  supine  for  5 h,  then  be  allowed 

to  ambulate  but  remain  under  nursing  observation  for  one  more  h  prior  to 

discharge.

8.  Using topical hemostatics, the patient should remain flat in bed for 2 h, and can 

ambulate in 3 h.

 

2.13.7.     Closure devices

Percutaneous  femoral  artery  closure  devices  can  allow  the  patient  to  ambulate 

sooner  than  with  compression  techniques,  and  can  be  helpful  when  the  patient  is on  antiplatelet  or  anticoagulant  medications.  When  a  closure  device  is  used,  the patient should remain supine for 1 h. These devices are particularly useful in patients receiving anticoagulation or antiplatelet therapy. However, there is a greater risk of 
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 complications with the use of closure devices. In a meta-analysis to assess the safety of closure devices in patients undergoing percutaneous coronary procedures, an overall analysis favored mechanical compression over closure devices.51

 

2.13.8.  Selected femoral artery closure devices

1.  Perclose®          ™ Pro-glide (Perclose, Inc., Menlo Park, CA).

(a)  Closure method: A proline stitch is placed in the arteriotomy.

(b)  Requires a femoral artery angiogram; the puncture site must be at least 

1 cm away from major branches of the vessel, such as the femoral artery 

bifurcation (Fig. 2.8).

(c)  Advantage: The same artery can be re-punctured immediately if necessary.

2.  Angio-Seal™ (St. Jude Medical, St. Paul, MN).

(a)  Closure  method:  The  device  creates  a  mechanical  seal  by  sandwiching 

the arteriotomy between a bioabsorbable anchor and a collagen sponge, 

which dissolves within 60–90 days.

(b)  May be used at femoral artery branch points.

(c)  Manufacturer  recommends  that  the  vessel  not  be  re-punctured  for  at 

least 3 months.

 

2.13.9.     Post-angiogram orders

  1.  Bed rest with the accessed leg extended, head of bed ≤30°, for 5 h, then out of 

bed for 1 h. (If a closure device is used, bed rest, with head of bed ≤30°, for 1 h, then out of bed for 1 h).

  2.  Vital signs: Check on arrival in recovery room, then Q 1 h until discharge. Call 

physician for SBP <90 mmHg or decrease 25 mmHg; pulse >120.

[image: ]

 

Fig. 2.8 Femoral artery angiogram done prior to the use of a closure device. Injection of contrast through the sheath shows that the sheath enters the femoral artery proximal to 

the bifurcation. Optimal visualization of the femoral bifurcation is usually obtained with 

an ipsilateral or contralateral oblique angiogram.
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Q 15 min × 4, Q 30 min × 2, then Q 1 h until discharge. Call physician if

(a)  Bleeding or hematoma develops at puncture site.

(b)  Distal pulse is not palpable beyond the puncture site.

  4.  Extremity is blue or cold.

  5.  Check puncture site after ambulation.

  6.  IVF: 0.9 N.S. at a maintenance rate until patient is ambulatory.

  7.  Resume pre-angiogram diet.

  8.  Resume routine medications.

  9.  PO fluids 400 mL.

10.  D/C IV prior to discharge.

 

2.14.      Special techniques and situations

 

2.14.1.     Radial or brachial artery puncture

The arteries of the upper extremity are a useful alternative to the femoral artery for 

both  diagnostic  cerebral  angiography  and  some  neurointerventional  procedures.  Access via the radial52                        53 or brachial artery eliminates the risk of retroperitoneal hemorrhage and the need for several hours of bed rest that are associated with femoral artery puncture. In  addition,  an  upper  extremity  approach  can  be  advantageous  when  vessel  tortuosity makes access to the vertebral artery difficult from a femoral approach. The authors prefer the radial approach to the brachial artery approach, as the radial approach seems to be easier54 and less prone to complications than the brachial approach.

Prior  to  the  radial  artery  puncture,  an  Allen  test  is  necessary  to  ensure 

adequate collateral circulation to the hand from the ulnar artery. A pulse oximeter is placed on the patient’s thumb, and the patient is instructed to repeatedly clench the fist. The examiner begins by compressing both the radial artery and the ulnar artery until the pulse oximetry tracing flattens, then pressure is taken off the ulnar artery. Normal capillary refill time is 5 s or less; a refill time of greater than 10 s is abnormal and an evidence of poor collateral circulation to the hand from the ulnar artery via the palmar arch. In a series of patients undergoing coronary catheteriza-tion,  an  Allen  test  finding  indicating  poor  collateral  circulation  was  found  in  27% of patients.55

Once adequate circulation is confirmed by the Allen test, the forearm is prepped 

and draped. Injection of lidocaine is used for local anesthesia, and a micropuncture set is used to place a 4-F or 5-F sheath in the radial artery. Once the sheath is inserted, the stopcock on the sheath is opened briefly and pulsitile arterial backflow is observed to  confirm  adequate  positioning  of  the  sheath  within  the  artery.  A  10 mL  “radial artery cocktail” is then infused into the sheath as a measure to minimize the risk of vasospasm and thrombosis of the radial artery. Unlike sheaths in the femoral artery, a continuous heparinized saline drip is not used in the radial sheath, due to the pres-sure and pain it can produce. An alternative to using a sheath is to use a 3-French Angioptic™ catheter (AngioDynamics, Queensbury, NY) directly in the radial artery. After completion of the angiogram, the sheath and/or catheter is removed and a pres-sure dressing is applied to the wrist. The patient can sit up immediately.

Radial Artery Cocktail

Ten  mL  of  saline  containing  heparin  (5,000 IU),  verapamil  (2.5 mg),   cardiac 

lidocaine (2%, 1.0 mL), and nitroglycerin (0.1 mg)

 

2.14.2.  Selected patient-specific considerations

1.  Patients receiving heparin: The heparin infusion should be stopped 6 h prior to the 

angiogram.

(a)  If the need is urgent, an angiogram can be done in patients on heparin or who 

are  coagulopathic  with  minimal  risk.  The  initial  puncture  should  be  made 

with a micropuncture set to minimize potential bleeding.

 

104                  2.14. Special techniques and situations                                                 DIAGNOSTIC CEREBRAL ANGIOGRAPHY

2.  Patients receiving warfarin: Warfarin should be held (and the patient should be 

placed on a heparin infusion if necessary) until the INR ≤1.4.

3.  Patients receiving metformin. See below.

4.  Thrombocytopenia: Minimum platelet count for angiography is 75,000    −1 µ L. 5.  Diabetic patients:

(a)  Patients taking insulin: The insulin dose should be reduced to half of the usual 

dose on the morning of the procedure, when the patient is NPO. The procedure 

should be done as early in the day as possible, and the patient’s usual diet and 

insulin should be resumed.

(b)  Patients  taking  metformin-containing  oral  anti-hyperglycemic  medications: 

See below

(c)  Protamine  should  not  be  used  to  reverse  heparin  if  the  patient  has  received 

neutral protamine Hagedorn [NPH] insulin.56, 57

6.  Pregnant patients: Every effort should be made to study pregnant patients non-

invasively.  Occasionally,  a  catheter  angiogram  is  necessary  (e.g.,  head  and  neck 

trauma with possible vascular injury, spontaneous epistaxis, intracranial AVM). 

Cerebral angiography can be performed safely during pregnancy.

(a)  Informed consent of the patient or guardian should include a theoretical risk 

of injury to the fetus.

(b)  Current recommendations for radiation exposure of the fetus include a maxi-

mum dose of 0.5 rem (roentgen-equivalent-man).58

●  By  shielding  the  uterus  with  a  lead  apron,  the  maximum  dose  to  the 

fetus is less than 0.1 rem during cerebral angiography.59

●  In general, fetal malformations only occur above a threshold dose of 

100–200 mGy (~10–20 rem).60

(c)  Iodinated contrast agents are physiologically inert and pose little risk to the fetus.61 (d) Adequate hydration should be provided to avoid fetal dehydration.62 (e)  Fluoroscopy: Minimize time and pulse/sec rate during the procedure.

(f)  Decrease fps during diagnostic runs to a minimum.

7.  Pediatric patients. See below.

 

2.14.3.     Contrast-induced nephropathy

Iodinated  contrast-induced  nephropathy  usually  appears  as  an  acute  wors-

ening  in  renal  function  within  3–4  days  of  the  procedure.63  Contrast-induced nephropathy is usually defined as an increase in serum creatinine of 25–50% over baseline,  or  an  absolute  rise  in  serum  creatinine  of  0.5–1 mg  dL −1 64,  65 .  Patients with renal insufficiency are up to ten times more likely to develop contrast-induced renal failure with administration of iodinated contrast than patients in the general population.66 Patients with renal insufficiency (creatinine ≥1.5 mg dL−1)67 require measures to minimize the risk of contrast-induced injury nephropathy during ang-iography. Nonionic, low-osmolality contrast agents, such as iodixanol (Visipaque™, GE Healthcare, Princeton, NJ) and iopromide (Ultravist®, Schering, Berlin) have been shown to be less renal-toxic when compared to iohexol (Omnipaque®).68 The smallest  possible  amount  of  contrast  should  be  used  during  the  procedure.  One of  the  authors  was  able  to  do  a  carotid  angioplasty  and  stent  procedure  using  a total  of  27 mL  of  Visique™  by  diluting  the  contrast  with  saline  and  using  it  spar-ingly. Forty-eight hours should be allowed to elapse between procedures utilizing iodinated contrast when possible.69 ®  The antioxidant, N-acetylcysteine (Mucomyst, 

Bristol-Myers Squibb, New York) is thought to function as a free-radical scavenger and  to  stimulate  intrarenal  vasosdilation.  Acetylcisteine  was  shown  in  a  rand-omized trial to reduce serum creatinine elevation in patients undergoing radiologi-cal  procedures  using  non-ionic,  low  osmolality  contrast  material.70  Prophylactic administration of acetylcysteine (600 mg PO BID) and 0.45% saline IV, before and after administration of the contrast agent, leads to a significant decrease in serum creatinine  compared  to  patients  receiving  saline  only.  Subsequently,  isotonic  IV fluid  was  found  to  be  superior  to  half-isotonic  IV  fluid  in  reducing  the  incidence of  contrast-induced  nephropathy  in  patients  undergoing  coronary  angioplasty.71 Gadolinium  contrast  has  also  been  used  as  a  non-iodinated  contrast  agent  in cerebral  angiography,72,  73  but  extensive  testing  has  not  been  done  to  ensure  the safety of gadolinium compounds in the cerebral arteries. Hemofiltration has been shown  to  reduce  creatinine  elevations  after  angiography.74  For  patients  with dialysis-dependent renal failure, arrangements should be made with the patient’s nephrologist to schedule dialysis after the angiogram.
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nephropathy

 

●                                                             −1 Serum creatinine level ≥ 1.5 mg dL ●     Diabetes mellitus

●     Dehydration

●     Cardiovascular disease and the use of diuretics ●     Age ≥60 years

●     Paraproteinemia (e.g., multiple myeloma) ●     Hypertension

●     Hyperuricemia

The patients at greatest risk for contrast nephrotoxicity are those with both diabetes and renal insufficiency. 75, 76

 

2.16.      Methods to reduce risk 

of contrast-induced nephropathy

 

●     Minimize the use of contrast

●                             ™                                    ™ 68 Use Visipaque instead of Omnipaque ●  PO hydration (water, 500 mL prior to the procedure and 2,000 mL after the procedure)

●                                                                   71 IV hydration with 0.9 sodium chloride ●  Acetylcisteine  600 mg  (3 mL)  PO  BID  on  the  day  before  and  the  day  of  the 

procedure70 

 

2.17.      Metformin

 

Metformin  is  an  oral  anti-hyperglycemic  and  is  used  in  several  preparations 

(listed  below).  Metformin-associated  lactic  acidosis  is  rare  but  has  been  reported  to have a mortality rate as high as 50%. 77 Metformin use should be held for 48 h after the procedure, and restarted only after serum creatinine has been checked and found to be unchanged. The procedure may be done even if the patient has taken metformin earlier on the same day of the procedure.78 Although metformin use seems to be asso-ciated with lactic acidosis, a recent systematic review article has questioned whether there is a causal relationship.79

 

2.18.      Metformin-containing medications

 

●     Metformin (generic)

●                         ® Glucophage

●                        ® Avandamet

●                        ® Glucovance

●                    ® Metaglip

 

2.18.1.     Contrast reactions: prevention 

and management

Life-threatening  contrast  reactions  are  rare  with  the  use  of  low-osmolality  con-

trast  agents,  occurring  with  a  frequency  of  0.04%. 80  Non-life  threatening  reactions, including  cutaneous  reactions,  which  usually  occur  in  a  delayed  fashion,  have  an incidence of approximately 1–2%.80
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2.19.      Risk factors for contrast reactions

 

●  History of a reaction to iodinated contrast agents (except flushing, a sensation 

of heat, or a single episode of nausea).

●     History of serious allergic reactions to other materials ●     Asthma

●     Renal insufficiency

●  Significant  cardiac  disease  (e.g.,  patients  with  angina,  congestive  heart  failure, 

severe aortic stenosis, primary pulmonary hypertension, severe cardiomyopathy).

●     Anxiety

Previous reaction to contrast medium is the most important risk factor in the prediction of an adverse event.81 Patients who have had a previous reaction to ionic contrast may not have a reaction to nonionic agents. 82 A history of seafood allergies, without a specific history of an iodine reaction, usually indicates a hypersensitivity to allergens in seafood, and does not indicate that the patient is unable to tolerate contrast media.83

Premedication with steroids can reduce the risk of a serious contrast reaction. 84

 

2.20.      Premedication regimen

 

1.  Prednisone 50 mg PO (or hydrocortisone 200 mg IV) 13 h, 7 h, and 1 h prior to con-

trast injection

2.  Diphenhydramine (Benadryl®) 50 mg IV, IM or PO 1 h prior to contrast injection Steroids should be given at least 6 h prior to the procedure; administration less than 3 h prior to the procedure does not reduce the risk of an adverse reaction.78

 

2.21.      Acute contrast reactions: signs 

and symptoms

 

●     Cutaneous signs (flushing, urticaria, pruritis) ●     Mucosal edema

●     Generalized edema

●     Sudden loss of consciousness ●     Hypotension + tachycardia (anaphylactic reaction) ●     Hypotension + bradycardia (vasovagal reaction) ●     Respiratory distress

 

2.22.      Acute contrast reactions: treatment

 

Effective  treatment  depends  on  prompt  recognition  of  the  problem  and  rapid 

management (         85 Table 2.4 ).

 

2.23.      Intraoperative angiography

 

Intraoperative angiography is employed by some neurosurgeons during surgery 

for  intracranial  aneurysms  and  arteriovenous  malformations.  In  aneurysm  surgery, intraoperative  angiography  findings,  such  as  residual  aneurysm  or  parent  vessel compromise, have led to reexploration and clip adjustment in up to 12.4% of cases.86, 87 86   Factors  associated  with  a  need  for  revision  include  large  aneurysm  size,  the 
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Table 2.4 Management of acute contrast reactions in adults

Urticaria

  1.  Discontinue procedure if not completed

  2.  No treatment needed in most cases

  3.   Give H-receptor blocker: Diphenhydramine (Benadryl®) PO/IM/IV 25–50 mg. If severe or 1

widely disseminated: Alpha agonist (arteriolar and venous constriction) Epinephrine SC 

(1:1,000) 0.1–0.3 mL (=0.1–0.3 mg) (if no cardiac contraindications)

Facial or Laryngeal Edema

  1.   Give alpha agonist (arteriolar and venous constriction): Epinephrine sc or IM (1:1,000) 

0.1–0.3 mL (=0.1–0.3 mg) or, if hypotension evident, Epinephrine (1:10,000) slowly IV 1 mL 

(=0.1 mg). Repeat as needed up to a maximum of 1 mg

  2.  Give O 6–10 L min−1 (via mask) 2

  3.   If not responsive to therapy or if there is obvious acute laryngeal edema, seek appropriate 

assistance (e.g., cardiopulmonary arrest response team)

Bronchospasm

  1.  Give O            −1 6–10 L min (via mask)

2

  2.  Monitor: electrocardiogram, O saturation (pulse oximeter), and blood pressure 2

  3.   Give beta-agonist inhalers [bronchiolar dilators, such as metaproterenol (Alupent®), terbuta-

line (Brethaire®), or albuterol (Proventil®)(Ventolin®) 2–3 puffs; repeat PRN. If unresponsive to inhalers, use SC, IM, or IV epmephrine

  4.   Give epinephrine SC or IM (1:1,000) 0.1–0.3 mL (=0.1–0.3 mg) or, if hypotension evident, 

Epinephrine (1:10,000) slowly IV 1 mL (=0.1 mg)

  5.  Repeat as needed up to a maximum of 1 mg

Alternatively: Give aminophylline: 6 mg kg−1 IV in D W over 10–20 min (loading dose), then 5 −1 −1 0.4–1 mg kg h , as needed (caution: hypotension)

Call for assistance (e.g., cardiopulmonary arrest response team) for severe bronchospasm or if O2 saturation <88% persists

Hypotension with Tachycardia

  1.  Legs elevated 60° or more (preferred) or Trendelenburg position

  2.  Monitor: electrocardiogram, pulse oximeter, blood pressure

  3.  Give O 6–10 L min−1 (via mask) 2

  4.   Rapid intravenous administration of large volumes of isotonic Ringer’s lactate or normal 

saline

If poorly responsive : Epinephrine (1:10,000) slowly IV 1 mL−1 (=0.1 mg) (if no cardiac contraindi-cations). Repeat as needed up to a maximum of 1 mg

If still poorly responsive seek appropriate assistance (e.g., cardiopulmonary arrest response team) Hypotension with Bradycardia (Vagal Reaction)

  1.  Monitor vital signs

  2.  Legs elevated 60° or more (preferred) or Trendelenburg position

  3.  Secure airway: give O             −1 6–10 L mm (via mask)

2

  4.  Secure IV access: Rapid fluid replacement with Ringer’s lactate or normal saline

  5.  Give atropine 0.6–1 mg IV slowly if patient does not respond quickly to steps 2 – 4

  6.  Repeat atropine up to a total dose of 0.04 mg kg −1 (2–3 mg) in adult  7.  Ensure complete resolution of hypotension and bradycardia prior to discharge

Hypertension, Severe

  1.  Give O            −1 6–10 L mm (via mask)

2

  2.  Monitor electrocardiogram, pulse oximeter, blood pressure

  3.   Give nitroglycerine 0.4 mg tablet, sublingual (may repeat × 3); or, topical 2% ointment, apply 

1 in. strip

  4.  Transfer to intensive care unit or emergency department

  5.  For pheochromocytoma – phentolamine 5 mg IV

Seizures or Convulsions

(continued)
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Table 2.4 (continued)

  1.  Give O            −1 6–10 L mm (via mask)

2

  2.   Consider diazepam (Valium®) 5 mg (or more, as appropriate) or midazolam (Versed®)

0.5–1 mg IV

  3.   If longer effect needed, obtain consultation; consider phenytoin (Dilantin®) infusion 

15–18 mg kg−1                 −1 at 50 mg min

  4.   Careful monitoring of vital signs required, particularly of pO because of risk of respiratory 2

depression with benzodiazepine administration

  5.  Consider using cardiopulmonary arrest response team for intubation if needed

Pulmonary Edema

  1.  Elevate torso; rotating tourniquets (venous compression)

  2.  Give O            −1 6–10 L min (via mask)

2

  3.  Give diuretics – furosemide (Lasix®) 20–40 mg IV, slow push  4.  Consider giving morphine (1–3 mg IV)

  5.  Transfer to intensive care unit or emergency department

  6.  Corticosteroids optional

From: ACR Manual on Contrast Media, Version 5.0. 78 Reprinted with permission of the American College of Radiology

 

superior hypophyseal artery and clinoidal segment locations,86 and the occurrence of an  intraoperative  rupture.88  A  portable  C-arm  digital  subtraction  angiography  unit is  necessary  for  intraoperative  angiography,  and  a  radiolucent  head  holder  (Ohio Medical  Instruments,  Cincinnati,  OH)  and  radiolucent  operating  table  (Skytron, Grand Rapids, MI) are helpful, although adequate intraoperative imaging can be done even  without  radiolucent  hardware.  A  femoral  artery  sheath  should  be  placed  prior to the operation. Use of a braided sheath will prevent kinking if the patient is moved after sheath placement. Continuous infusion of heparinized saline (5,000 U in 500 mL saline on a pressure bag at 3 mL h−1) will maintain the patency of the sheath without a  perceptible  effect  on  systemic  coagulation.  A  technique  for  intraoperative  angiog-raphy for anterior circulation aneurysms by injection of contrast into the superficial temporal artery has also been described.89

 

2.24.      Pediatric cerebral angiography

 

Use  noninvasive  imaging  modalities  whenever  possible.  Although  neurological 

complications are rare, children have higher rates of femoral artery access complica-tions than adults do. In a series of 176 pediatric cerebral angiograms, no neurological complications occurred but puncture site complications (groin hematoma, bleeding, or reduced pedal pulse) occurred in 4.5%.90

 

2.24.1.     Access

1.  Draping: use small aperture drape for the groin, and a regular femoral angiog-

raphy drape for the rest of the angio table.

2.  Newborns: the umbilical artery and vein can be used to access both arterial and 

venous circulations which allow for fairly easy catheterization.

3.  The femoral artery is surprisingly superficial.

4.  The  femoral  artery  in  children  is  prone  to  catheter-induced  vasospasm,  so 

minimize the amount of manipulation and the size of devices (e.g., use a micro-

puncture kit and small catheters).

5.  Work without a sheath if possible.

6.  Caveat: Initial catheterization of the femoral artery is sometimes surprisingly 

difficult  because  of  the  integrity  of  the  connective  tissue  around  the  femoral 

artery; be sure that the wire that is used to introduce the diagnostic catheter is 

size-matched to the catheter to facilitate entry.
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artery.

8.  An 18 or 20 gauge butterfly needle is useful for the initial femoral artery punc-

ture (hint: cut clear the plastic tubing off the butterfly needle hub).

9.  Sometimes  an  ultrasound-guided  needle  (e.g.,  Smart-needle®,  Peripheral 

Systems Group, Mountain View, CA) (20 gauge or smaller) is helpful.91

10.  Femoral artery puncture site management:

(a)  When  compressing  the  artery  after  removal  of  the  catheter,  pay  close 

attention  to  the  distal  lower  extremity  to  ensure  adequate  perfusion. 

Overly aggressive manual compression or trauma to the femoral artery 

can result in long-standing femoral artery stenosis or occlusion, leading 

to limb atrophy.

(b)  After  compression,  the  hip  and  lower  extremity  can  be  immobilized  by 

taping or strapping it to an IV board.

 

2.24.2.     Catheters

1.  Catheters should be small in caliber and short in length (to minimize dead space 

in the catheter) (≤60 cm).

2.  Newborns and young infants:

(a) 3-F Harwood-Nash.

●  Very peculiar curve makes it easy to access the left subclavian artery but 

difficult to navigate into the aortic arch

●  Requires a small guidewire (e.g., 0.018–0.025 in. steerable hydrophilic wire)

3.  Older infants and young children:

(a)  4-F Pediatric Berenstein

(b)  4-F Harwood-Nash

4.  All pediatric patients:

(a)  3-F Angioptic™ (AngioDynamics, Queensbury, NY).

●     Comes in steam-shapeable straight or curved configurations

●  Use a 21 gauge needle and a small guidewire (e.g., 0.018–0.021 in. steer-

able hydrophilic wire)

 

2.24.3.     Saline, contrast dose, and volume 

considerations

1.  Use less heparin in the flush: Saline with 20 units of heparin per mL

2.  Double flushing with heparinized saline: Be careful to aspirate the minimum 

amount of blood to minimize blood loss and heparin dose

3.  Use small syringes (3 mL or 5 mL) to limit the amount of volume

4.  Limit contrast to 4 mL of Omnipaque® 300 per kg body weight 5.  Limiting volume is particularly critical in children with Vein of Galen malfor-

mations,  as  these  patients  often  have  some  degree  of  high-output  congestive 

heart failure

 

2.24.4.  Imaging parameters and radiation exposure

1.  Image intensifier:

(a)  Use a small field of view.

(b)  Remove the filter if possible.

(c)  Lower the X-ray dose as much as possible:

2.  Limit fluoroscopy time.

3.  Lower the pulse rate during fluoroscopy (e.g., 3–6 fps).

4.  Maximize collimation to minimize scatter.

5.  Use “low-dose fluoro option” if available as a part of the imaging equipment.

6.  Place a lead shield under the gonads if possible.
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2.25.      Tips for imaging specific vascular 

structures and lesions

 

2.25.1.     Atherosclerotic carotid 

and vertebrobasilar disease

●  Aortic arch angiogram: identifies aortic atheromas and common carotid artery 

lesions, and helps planning for potential carotid angioplasty and stenting pro-

cedures.

●  To image the carotid bifurcation, on the PA view, place the angle of the mandi-

ble in the center of the image.

●  Oblique views are sometimes necessary to obtain the optimal view of an athero-

sclerotic plaque.

●  When  high  grade  stenosis  prevents  passage  of  enough  contrast  to  image  the 

internal carotid artery (ICA), the degree of stenosis can be estimated using the 

diameter of the contralateral ICA.92

●  The vertebral artery origin is best seen with an AP Townes view, because the ver-

tebral artery arises from the posterior wall of the subclavian artery (Fig. 1.37).

●  The intracranial vertebral arteries and basilar artery are best seen with an AP 

Waters view, because the basilar artery travels parallel to the clivus, which is 

tilted anteriorly in the sagittal plane.

 

2.25.2.     Intracranial aneurysms

●  A complete four-vessel angiogram should be done in the setting of subarachnoid 

hemorrhage, as two or more aneurysms will be found in 15–20% of patients.93

●  Selective  catheterization  of  the  ICA  will  prevent  branches  of  the  ECA  from 

obscuring the intracranial images.

●  External  carotid  angiography  may  be  needed  in  aneurysm  cases  if  an  extrac-

ranial to intracranial arterial bypass is anticipated for surgical treatment, in 

order to visualize possible donor vessels.

●  If a study is done in the setting of subarachnoid hemorrhage, and no aneurysm 

is found on internal carotid arteriography, external carotid angiography may be 

useful to rule out an arteriovenous fistula (see below).

●  Aneurysm dome, neck, parent vessel, and adjacent vessels should be discerned.

●  Selective  microcatheter  angiography  is  helpful  in  imaging  large  and  giant 

aneurysms.

 

2.25.3.     Cerebral arteriovenous malformations

●  All  feeding  arteries  and  draining  veins  should  be  identified;  this  usually 

requires  a  complete  bilateral  internal  carotid,  external  carotid,  and  vertebral 

angiogram.

●  High-speed runs (>5 frames per second) can help clarify anatomy of AVMs, as 

they  are  typically  high-flow  lesions.  High-speed  runs  may  also  permit  more 

precise measurements of arteriovenous transit times.

●  Intranidal aneurysms can be identified and distinguished from enlarged veins 

by  their  location  on  the                                94 arterial  side  of  the  nidus.  In  contrast,  nidal  “pseu-doaneurysms” have been described in the arterial or venous side of the nidus; 

they  can  be  recognized  when  they  appear  as  a  new  finding  on  subsequent 

angiography.95

●  Small,  obscure  AVMs  may  sometimes  be  made  to  be  more  apparent  on  angi-

ography by having the patient deliberately hyperventilate for several minutes. 

Normal vessels will constrict and AVM vessels will be unchanged.96
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●  All feeding vessels should be identified; selective catheterization of branches of 

the external carotid artery is usually necessary.

●  After  each  injection,  the  angiogram  should  be  allowed  to  continue  until  the 

draining vein (or venous sinus) is imaged.

●  On  internal  carotid  and  vertebral  injections,  the  venous  drainage  pathways 

of the normal brain must be determined to see how it relates to the drainage 

pathways of the fistula.

 

2.25.5.     Direct (high flow) carotid-cavernous 

fistulas

●     High-speed runs (>5 frames per second) are usually helpful. ●  Huber maneuver: Injection of contrast into the ipsilateral vertebral artery with 

manual  compression  of  the  carotid  artery;  reflux  of  contrast  into  the  carotid 

artery can demonstrate the defect in the cavernous carotid artery.97

●  Slow injection into the internal carotid artery with a compression of the carotid 

artery below the catheter tip in the neck can also demonstrate the defect in the 

vessel.98

●  Special attention should be given to venous drainage and determining whether 

there is a retrograde cortical venous flow.

 

2.25.6.     Aortic arch

●  Angiography of the aortic arch is best done with a power injector and a pigtail 

catheter positioned in the ascending aorta. The optimal projection is left ante-

rior oblique, 30°, with the patient’s head rotated to the left to face the image 

intensifier. Power injector settings are 20 mL s−1; total of 25 mL.

 

2.25.7.     Assessment of the circle of Willis

●  Patency and caliber of the posterior communicating artery can be assessed with 

the Huber (or Allcock) maneuver: Injection of contrast into the ipsilateral ver-

tebral artery with manual compression of the carotid artery; reflux of contrast 

into the carotid artery can demonstrate posterior communicating artery.

●  The  anterior  communicating  artery  can  be  demonstrated  by  “cross  compres-

sion”  of  the  carotid  artery.  Manual  compression  of  the  contralateral  common 

carotid artery while wearing a lead glove during injection of contrast into the 

ipsilateral internal carotid artery will help visualize the anterior communicat-

ing artery.

 

2.25.8.     Carotid siphon and MCA candelabra

●  The  “Haughton  view”  can  be  used  to  open  up  the  carotid  siphon  (useful  for 

imaging  the  origins  of  the  P-comm  and  anterior  choroidal  arteries)  and  to 

unfurl the branches of the MCA within the Sylvian fissure.48 This view is also helpful  for  imaging  ICA  and  MCA  aneurysms.  The  lateral  arc  is  positioned 

as if the patient’s head is tilted away from the side of the injection and away 

from the xray tube (Fig. 2.9). A mnemonic to remember this is: “The X-ray tube should touch the shoulder on the side of interest.”

The carotid siphon and MCA candelabra can often be seen most clearly by positioning the lateral arc as if the patient’s head is tilted away from the side of injection.
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[image: ]

Fig. 2.9 Haughton view for imaging the carotid siphon and the MCA candelabra.

 

 

2.26.      References

 

1.       Higashida  RT,  Hopkins  LN,  Berenstein  A,  Halbach  VV,      11.     Gould PL, Peyton WT, French LA. Vertebral angiography 

Kerber  C.  Program  requirements  for  residency/fellow- by  retrograde  injection  of  the  brachial  artery.  J  Neurosurg 

ship education in neuroendovascular surgery/interventional             1955;12(4):369–74 neuroradiology:  A  special  report  on  graduate  medical      12.     Kuhn  RA.  Brachial  cerebral  angiography.  J  Neurosurg education. AJNR Am J Neuroradiol 2000;21(6):1153–9               1960;17:955–71

2.       Haschek  E,  Lindenthal  OT.  Ein  Beitrag  zur  praktischen      13.     Hinck  VC,  Judkins  MP,  Paxton  HD.  Simplified  selective 

Verwerthung  der  Photographie  nach  Röntgen.  Wien  Klin  femorocerebral  angiography.  Radiology  1967;89(6):1048–

Wschr 1896;9:63–4                                            52

3.       Krayenbühl  H.  History  of  cerebral  angiography  and  its      14.     Mentzel  H-J,  Blume  J,  Malich A,  Fitzek  C,  Reichenbach 

development since Egaz Moniz. In: Egas Moniz Centenary:  JR, Kaiser WA. Cortical blindness after contrast-enhanced 

Scientific  Reports.  Lisbon:  Comissao  Executiva  das  CT:  Complication  in  a  patient  with  diabetes  insipidus. 

Comemoracoes  do  Centenario  do  Nascimento  do  Prof.            AJNR Am J Neuroradiol 2003;24(6):1114–6 Egas Moniz; 1977:63–74                                   15.    Saigal  G,  Bhatia  R,  Bhatia  S, Wakhloo AK.  MR  Findings 

4.       Norlén E. Importance of angiography in surgery of intracra-             of cortical blindness following cerebral angiography: Is this 

nial vascular lesions. In: Egas Moniz Centenary: Scientific  entity related to posterior reversible leukoencephalopathy? 

Reports.  Lisbon:  Comissao  Executiva  das  Comemoracoes             AJNR Am J Neuroradiol 2004;25(2):252–6 do  Centenario  do  Nascimento  do  Prof.  Egas  Moniz;      16.     Yildiz  A,  Yencilek  E,  Apaydin  FD,  Duce  MN,  Ozer  C, 1977:31–9 Atalay  A.  Transient  partial  amnesia  complicating  car-

5.       Lima  A.  Egas  Moniz  1874–1955.  Surg  Neurol           diac  and  peripheral  arteriography  with  nonionic  contrast 

1973;1(5):247–8                                                  medium. Eur Radiol 2003;13(Suppl 4):L113–5

6.       Dámasio  AR.  Egas  Moniz,  pioneer  of  angiography  and      17.     Willinsky  RA,  Taylor  SM,  TerBrugge  K,  Farb  RI, 

leucotomy. Mt Sinai J Med 1975;42(6):502–13 Tomlinson  G,  Montanera  W.  Neurologic  complica-

7.       Moniz EL. L’angiographie cérébrale. Paris: Masson; 1934              tions  of  cerebral  angiography:  Prospective  analysis  of 8.       Dagi  TF.  Neurosurgery  and  the  introduction  of  cerebral              2,899  procedures  and  review  of  the  literature.  Radiology 

angiography. Neurosurg Clin N Am 2001;12(1):145–53, ix            2003;227(2):522–8

9.       Ligon  BL.  The  mystery  of  angiography  and  the  “una-      18.     Young  B,  Moore  WS,  Robertson  JT,  et  al.  An  analy-

warded”  Nobel  Prize:  Egas  Moniz  and  Hans  Christian  sis  of  perioperative  surgical  mortality  and  morbidity  in 

Jacobaeus. Neurosurgery 1998;43(3):602–11 the  asymptomatic  carotid  atherosclerosis  study.  ACAS 

10.     Sheldon  P.  A  special  needle  for  percutaneous  vertebral              Investigators.  Asymptomatic  Carotid  Artheriosclerosis 

angiography. Br J Radiol 1956;29(340):231–2                        Study. Stroke 1996;27(12):2216–24

 

DIAGNOSTIC CEREBRAL ANGIOGRAPHY                                                          2.26. References                 113 19.     Heiserman  JE,  Dean  BL,  Hodak  JA,  et  al.  Neurologic             mathematical  model  of  bubble  absorption.  Anesth  Analg 

complications  of  cerebral  angiography.  AJNR  Am  J            1997;84(6):1203–7 Neuroradiol 1994;15(8):1401–7; discussion 8–11              40.     Branger AB,  Lambertsen  CJ,  Eckmann  DM.  Cerebral  gas 

20.     Hankey  GJ,  Warlow  CP,  Molyneux AJ.  Complications  of             embolism absorption during hyperbaric therapy: Theory. J 

cerebral angiography for patients with mild carotid territory             Appl Physiol 2001;90(2):593–600 ischaemia  being  considered  for  carotid  endarterectomy.  J      41.     Calvert  JW,  Cahill  J,  Zhang  JH.  Hyperbaric  oxygen  and Neurol Neurosurg Psychiatry 1990;53(7):542–8 cerebral physiology. Neurol Res 2007;29(2):132–41

21.     Cloft HJ, Joseph GJ, Dion JE. Risk of cerebral angiography      42.     LeDez  KM,  Zbitnew  G.  Hyperbaric  treatment  of  cerebral 

in  patients  with  subarachnoid  hemorrhage,  cerebral  aneu- air  embolism  in  an  infant  with  cyanotic  congenital  heart 

rysm,  and  arteriovenous  malformation:  A  meta-analysis.             disease. Can J Anaesth 2005;52(4):403–8 Stroke 1999;30(2):317–20                                  43.     Bitterman H, Melamed Y. Delayed hyperbaric treatment of 

22.     Mani  RL,  Eisenberg  RL.  Complications  of  catheter  cer-             cerebral air embolism. Isr J Med Sci 1993;29(1):22–6

ebral  arteriography:  Analysis  of  5,000  procedures.  III.      44.     Blanc  P,  Boussuges  A,  Henriette  K,  Sainty  JM,  Deleflie Assessment  of  arteries  injected,  contrast  medium  used,  M.  Iatrogenic  cerebral  air  embolism:  Importance  of 

duration  of  procedure,  and  age  of  patient.  AJR  Am  J  an  early  hyperbaric  oxygenation.  Intensive  Care  Med 

Roentgenol 1978;131(5):871–4                                    2002;28(5):559–63

23.     Dion JE, Gates PC, Fox AJ, Barnett HJ, Blom RJ. Clinical      45.     Shrinivas VG, Sankarkumar R, Rupa S. Retrograde cerebral 

events  following  neuroangiography:  A  prospective  study.  perfusion for treatment of air embolism after valve surgery. 

Stroke 1987;18(6):997–1004                                      Asian Cardiovasc Thorac Ann 2004;12(1):81–2

24.     Earnest Ft, Forbes G, Sandok BA, et al. Complications of      46.     Gregoric  ID,  Myers  TJ,  Kar  B,  et  al.  Management  of  air 

cerebral angiography: Prospective assessment of risk. AJR  embolism during HeartMate XVE exchange. Tex Heart Inst 

Am J Roentgenol 1984;142(2):247–53                             J 2007;34(1):19–22

25.     Citron SJ, Wallace RC, Lewis CA, et al. Quality improve-     47.     Hughes  DG,  Patel  U,  Forbes  WS,  Jones AP.  Comparison 

ment  guidelines  for  adult  diagnostic  neuroangiography:  of  hand  injection  with  mechanical  injection  for  digital 

Cooperative study between ASITN, ASNR, and SIR. J Vasc  subtraction  selective  cerebral  angiography.  Br  J  Radiol 

Interv Radiol 2003;14(9 Pt 2):S257–62                               1994;67(800):786–9

26.     Kurokawa Y, Abiko S, Okamura T, et al. Pulmonary embo-     48.     Haughton VM, Rosenbaum AE, Baker RA, Plaistowe RL. 

lism after cerebral angiography – three case reports. Neurol  Lateral  projections  with  inclined  head  for  angiography  of 

Med Chir (Tokyo) 1995;35(5):305–9 basal cerebral aneurysms. Radiology 1975;116(1):220–2

27.     Katholi RE, Taylor GJ, Woods WT, et al. Nephrotoxicity      49.     Elisevich K, Cunningham IA, Assis L. Size estimation and 

of  nonionic  low-osmolality  versus  ionic  high-osmola- magnification  error  in  radiographic  imaging:  Implications 

lity  contrast  media:  A  prospective  double-blind  ran- for  classification  of  arteriovenous  malformations.  AJNR 

domized  comparison  in  human  beings.  Radiology           Am J Neuroradiol 1995;16(3):531–8 1993;186(1):183–7                                       50.    Fischer  TH,  Connolly  R,  Thatte  HS,  Schwaitzberg  SS. 

28.     Barrett BJ, Carlisle EJ. Metaanalysis of the relative neph-             Comparison  of  structural  and  hemostatic  properties  of 

rotoxicity  of  high-  and  low-osmolality  iodinated  contrast              the poly-N-acetyl glucosamine Syvek Patch with products media. Radiology 1993;188(1):171–8 containing chitosan. Microsc Res Tech 2004;63(3):168–74

29.     Barrett  BJ,  Parfrey  PS,  McDonald  JR,  Hefferton  DM,      51.     Nikolsky  E,  Mehran  R,  Halkin  A,  et  al.  Vascular  com-

Reddy ER, McManamon PJ. Nonionic low-osmolality ver- plications  associated  with  arteriotomy  closure  devices  in 

sus ionic high-osmolality contrast material for intravenous  patients  undergoing  percutaneous  coronary  procedures:  A 

use  in  patients  perceived  to  be  at  high  risk:  Randomized  meta-analysis. J Am Coll Cardiol 2004;44(6):1200–9

trial. Radiology 1992;183(1):105–10                          52.     Levy  EI,  Boulos  AS,  Fessler  RD,  et  al.  Transradial  cer-

30.     Barrett  BJ,  Parfrey  PS,  Vavasour  HM,  O’Dea  F,  Kent  G,             ebral  angiography:  An  alternative  route.  Neurosurgery 

Stone E. A comparison of nonionic, low-osmolality radio-            2002;51(2):335–40; discussion 40–2 contrast  agents  with  ionic,  high-osmolality  agents  during      53.     Uchino A. Selective catheterization of the brachiocephalic cardiac catheterization. N Engl J Med 1992;326(7):431–6 arteries  via  the  right  brachial  artery.  Neuroradiology 

31.    Rosovsky  MA,  Rusinek  H,  Berenstein  A,  Basak  S,            1988;30(6):524–7

Setton  A,  Nelson  PK.  High-dose  administration  of  noni-      54.     Hildick-Smith DJ, Ludman PF, Lowe MD, et al. Comparison onic  contrast  media:  A  retrospective  review.  Radiology  of radial versus brachial approaches for diagnostic coronary 

1996;200(1):119–22 angiography when the femoral approach is contraindicated. 

32.     Moran  CJ,  Milburn  JM,  Cross  DT,  III,  Derdeyn  CP,            Am J Cardiol 1998;81(6):770–2

Dobbie  TK,  Littenberg  B.  Randomized  controlled  trial      55.     Benit  E, Vranckx  P,  Jaspers  L,  Jackmaert  R,  Poelmans  C, of  sheaths  in  diagnostic  neuroangiography.  Radiology  Coninx R. Frequency of a positive modified Allen’s test in 

2001;218(1):183–7 1,000 consecutive patients undergoing cardiac catheteriza-

33.    Kiyosue  H,  Okahara  M,  Nagatomi  H,  Nakamura  T,            tion. Cathet Cardiovasc Diagn 1996;38(4):352–4

Tanoue  S,  Mori  H.  3.3F  Catheter/sheath  system  for  use      56.     Stewart WJ, McSweeney SM, Kellett MA, Faxon DP, Ryan in  diagnostic  neuroangiography. AJNR Am  J  Neuroradiol  TJ.  increased  risk  of  severe  protamine  reactions  in  NPH 

2002;23(4):711–5 insulin-dependent diabetics undergoing cardiac catheteriza-

34.     Weinbroum  AA,  Szold  O,  Ogorek  D,  Flaishon  R.  The            tion. Circulation 1984;70(5):788–92

midazolam-induced  paradox  phenomenon  is  reversible  by      57.     Cobb CA, 3rd, Fung DL. Shock due to protamine hypersen-flumazenil. Epidemiology, patient characteristics and review             sitivity. Surg Neurol 1982;17(4):245–6 of the literature. Eur J Anaesthesiol 2001;18(12):789–97        58.     Measurements  NCoRPa.  Recommendations  on  Limits  for 

35.     Mancuso  CE,  Tanzi  MG,  Gabay  M.  Paradoxical  reac-            Exposure to Ionizing Radiation (NCRP Report No. 91); 1987

tions  to  benzodiazepines:  Literature  review  and  treatment      59.     Piper  J.  Fetal  toxicity  of  common  neurosurgical  drugs. options. Pharmacotherapy 2004;24(9):1177–85 In:  Loftus  C,  ed.  Neurosurgical  Aspects  of  Pregancy. 

36.     Thurston  TA,  Williams  CG,  Foshee  SL.  Reversal  of  a             Park  Ridge,  IL:  American  Association  of  Neurological 

paradoxical reaction to midazolam with flumazenil. Anesth            Surgeons; 1996:1–20 Analg 1996;83(1):192                                      60.     Kal  HB,  Struikmans  H.  Pregnancy  and  medical  irra-

37.     Markus  H,  Loh  A,  Israel  D,  Buckenham  T,  Clifton  A,             diation;  summary  and  conclusions  from  the  International 

Brown  MM.  Microscopic  air  embolism  during  cer- Commission  on  Radiological  Protection,  Publication  84. 

ebral  angiography  and  strategies  for  its  avoidance.  Lancet              Ned Tijdschr Geneeskd 2002;146(7):299–303 1993;341(8848):784–7                                    61.    Dalessio  D.  Neurologic  diseases.  In:  Burrow  G,  Ferris 

38.     Bendszus  M,  Koltzenburg  M,  Bartsch  AJ,  et  al.  Heparin             T,  eds.  Medical  Complications  During  Pregnancy. 

and air filters reduce embolic events caused by intra-arterial             Philadelphia, PA: Saunders; 1982:435–47 cerebral  angiography:  A  prospective,  randomized  trial.      62.     Dias MS, Sekhar LN. Intracranial hemorrhage from aneu-Circulation 2004;110(15):2210–5 rysms  and  arteriovenous  malformations  during  pregnancy 

39.     Dexter  F,  Hindman  BJ.  Recommendations  for  hyperbaric             and  the  puerperium.  Neurosurgery  1990;27(6):855–65; 

oxygen  therapy  of  cerebral  air  embolism  based  on  a             discussion 65–6

 

114                  2.26. References                                                                      DIAGNOSTIC CEREBRAL ANGIOGRAPHY

63.     Morcos SK. Contrast media-induced nephrotoxicity – ques-      81.    Bettmann  MA,  Heeren  T,  Greenfield  A,  Goudey  C. 

tions and answers. Br J Radiol 1998;71(844):357–65 Adverse  events  with  radiographic  contrast  agents:  Results 

64.     Barrett BJ, Parfrey PS, eds. Clinical aspects of acute renal             of  the  SCVIR  Contrast  Agent  Registry.  Radiology 

failure  following  use  of  radiocontrast  agents.  New  York,              1997;203(3):611–20 NY: Marcel Dekker; 1992                                  82.    Osborn  AG.  Diagnostic  Cerebral  Angiography.  2nd  ed. 

65.     Solomon  R.  Contrast-medium-induced  acute  renal  failure.             Philadelphia, PA: Lippincott; 1999

Kidney Int 1998;53(1):230–42                                83.    Dewachter  P,  Trechot  P,  Mouton-Faivre  C.  “Iodine 

66.     Rudnick MR, Goldfarb S, Wexler L, et al. Nephrotoxicity             allergy”: Point of view. Ann Fr Anesth Reanim 2005;24(1):

of  ionic  and  nonionic  contrast  media  in  1196  patients:  A              40–52 randomized  trial.  The  Iohexol  Cooperative  Study.  Kidney      84.     Lasser  EC,  Berry  CC,  Mishkin  MM,  Williamson  B, Int 1995;47(1):254–61 Zheutlin  N,  Silverman  JM.  Pretreatment  with  corticos-

67.     Porter  GA.  Radiocontrast-induced  nephropathy.  Nephrol             teroids  to  prevent  adverse  reactions  to  nonionic  contrast 

Dial Transplant 1994;9 Suppl 4:146–56 media. AJR Am J Roentgenol 1994;162(3):523–6

68.    Sharma  S,  Kimi  A.  Effect  of  nonionic  radiocontrast      85.     Cohan RH, Leder RA, Ellis JH. Treatment of adverse reac-

agents  on  the  occurrence  of  contrast-induced  nephropa- tions to radiographic contrast media in adults. Radiol Clin 

thy  in  patients  with  mild-moderate  chronic  renal  insuf-             North Am 1996;34(5):1055–76 ficiency: Pooled analysis of the randomized trials. Catheter      86.     Tang  G,  Cawley  CM,  Dion  JE,  Barrow  DL.  Intra-Cardiovasc Interv 2005;65(3):386–93 operative  angiography  during  aneurysm  surgery: 

69.     Cohan RH, Ellis JH. Iodinated contrast material in uroradi-             A  prospective  evaluation  of  efficacy.  J  Neurosurg 

ology. Choice of agent and management of complications.            2002;96(6):993–9 Urol Clin North Am 1997;24(3):471–91                      87.     Chiang VL, Gailloud P, Murphy KJ, Rigamonti D, Tamargo 

70.     Tepel  M,  van  der  Giet  M,  Schwarzfeld  C,  Laufer  U,             RJ.  Routine  intraoperative  angiography  during  aneurysm 

Liermann D, Zidek W. Prevention of radiographic-contrast-            surgery. J Neurosurg 2002;96(6):988–92 agent-induced  reductions  in  renal  function  by  acetyl-      88.     Nanda  A,  Willis  BK,  Vannemreddy  PS.  Selective  intra-cysteine. N Engl J Med 2000;343(3):180–4 operative  angiography  in  intracranial  aneurysm  surgery: 

71.     Mueller  C,  Buerkle  G,  Buettner  HJ,  et  al.  Prevention             Intraoperative factors associated with aneurysmal remnants 

of  contrast  media-associated  nephropathy:  Randomized  and  vessel  occlusions.  Surg  Neurol  2002;58(5):309–14; 

comparison  of  2  hydration  regimens  in  1620  patients             discussion 14–5 undergoing  coronary  angioplasty.  Arch  Intern  Med      89.     Lee  MC,  Macdonald  RL.  Intraoperative  cerebral  angi-2002;162(3):329–36 ography:  Superficial  temporal  artery  method  and  results. 

72.     Nussbaum ES, Casey SO, Sebring LA, Madison MT. Use            Neurosurgery 2003;53(5):1067–74; discussion 74–5

of  gadolinium  as  an  intraarterial  contrast  agent  in  digital       90.     Fung  E,  Ganesan  V,  Cox  TS,  Chong  WK,  Saunders  DE. subtraction  angiography  of  the  cervical  carotid  arteries  Complication  rates  of  diagnostic  cerebral  arteriography  in 

and  intracranial  circulation.  Technical  note.  J  Neurosurg              children. Pediatr Radiol 2005;35(12):1174–7 2000;92(5):881–3                                          91.    Vucevic  M,  Tehan  B,  Gamlin  F,  Berridge  JC,  Boylan  M. 

73.     Arat A, Cekirge HS, Saatci I. Gadodiamide as an alternative             The  SMART  needle. A  new  Doppler  ultrasound-guided 

contrast medium in cerebral angiography in a patient with  vascular  access  needle.  Anaesthesia  1994;49(10):

sensitivity  to  iodinated  contrast  medium.  Neuroradiology              889–91 2000;42(1):34–7; discussion 7–9                              92.     Dix  JE,  McNulty  BJ,  Kallmes  DF.  Frequency  and  signifi-

74.     Marenzi  G,  Marana  I,  Lauri  G,  et  al.  The  prevention  of              cance of a small distal ICA in carotid artery stenosis. AJNR 

radiocontrast-agent-induced  nephropathy  by  hemofiltra-            Am J Neuroradiol 1998;19(7):1215–8 tion. N Engl J Med 2003;349(14):1333–40                    93.     Bjorkesten  G,  Halonen  V.  Incidence  of  intracranial  vas-

75.     Parfrey PS, Griffiths SM, Barrett BJ, et al. Contrast mate-             cular  lesions  in  patients  with  subarachnoid  hemorrhage 

rial-induced renal failure in patients with diabetes mellitus,  investigated  by  four-vessel  angiography.  J  Neurosurg 

renal insufficiency, or both. A prospective controlled study.              1965;23(1):29–32 N Engl J Med 1989;320(3):143–9                            94.    Marks  MP,  Lane  B,  Steinberg  GK,  Snipes  GJ.  Intranidal 

76.     Schwab  SJ,  Hlatky  MA,  Pieper  KS,  et  al.  Contrast  neph-              aneurysms  in  cerebral  arteriovenous  malformations: 

rotoxicity:  A  randomized  controlled  trial  of  a  nonionic  Evaluation  and  endovascular  treatment.  Radiology 

and  an  ionic  radiographic  contrast  agent.  N  Engl  J  Med              1992;183(2):355–60 1989;320(3):149–53                                       95.    Garcia-Monaco  R,  Rodesch  G,  Alvarez  H,  Iizuka  Y, 

77.     Wiholm  BE,  Myrhed  M.  Metformin-associated  lactic            Hui  F,  Lasjaunias  P.  Pseudoaneurysms  within  ruptured 

acidosis  in  Sweden  1977–1991.  Eur  J  Clin  Pharmacol  intracranial  arteriovenous  malformations:  Diagnosis  and 

1993;44(6):589–91 early endovascular management. AJNR Am J Neuroradiol 

78.     Manual on Contrast Media. 5.0 ed. Reston, VA: American            1993;14(2):315–21

College of Radiology; 2004                                   96.     Cure JK. Personal communication. Birmingham, AL; 2007

79.     Lalau JD, Race JM. Lactic acidosis in metformin therapy:      97.     Huber P. A technical contribution of the exact angiographic 

Searching  for  a  link  with  metformin  in  reports  of  ‘met- localization  of  carotid  cavernous  fistulas.  Neuroradiology 

formin-associated  lactic  acidosis’.  Diabetes  Obes  Metab             1976;10(5):239–41 2001;3(3):195–201                                        98.    Mehringer CM, Hieshima GB, Grinnell VS, Tsai F, Pribram 

80.     Thomsen  HS,  Bush  WH,  Jr.  Adverse  effects  of  contrast             HF.  Improved  localization  of  carotid  cavernous  fistula 

media:  Incidence,  prevention  and  management.  Drug  Saf  during  angiography.  AJNR  Am  J  Neuroradiol  1982;3(1):

1998;19(4):313–24                                               82–4

 

DIAGNOSTIC CEREBRAL ANGIOGRAPHY                                                          2.26. References                 115

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3. . S S S S S S S S S S S S S S S Sp p p p p p p p p p p p p p pi i i i i i i i i i i i i i i in n n n n n n n n n n n n n na a a a a a a a a a a a a a al l l l l l l l l l l l l l l l A A A A A A A A A A A A A A A An n n n n n n n n n n n n n ng g g g g g g g g g g g g g gi i i i i i i i i i i i i i i io o o o o o o o o o o o o o og g g g g g g g g g g g g g gr r r r r r r r r r r r r r ra a a a a a a a a a a a a a ap p p p p p p p p p p p p p ph h h h h h h h h h h h h h h hy y y y y y y y y y y y y y y

 

3.1.        Introduction

 

Catheter angiography of the spine is much less common than cerebral angiogra-

phy,  but  it  remains  the  gold  standard  for  imaging  spinal  vasculature.  Non-invasive imaging of spinal vasculature, including high resolution MRA or CTA, can sometimes be  helpful  to  screen  for  larger  vascular  abnormalities,  but  fails  to  provide  precise information  regarding  flow  patterns  and  collateral  flow;  many  times  the  vessels  of interest are below the spatial resolution of these non-invasive modalities. Diagnostic spinal angiography is also typically done as the first step during neurointerventional procedures  involving  the  spine  and  spinal  cord.  The  techniques  and  skills  required for spinal angiography can overlap those required for cerebral angiography, since the upper cervical spine and spinal cord are supplied by the vertebral arteries. However, the spine extends from the base of the skull to the sacrum, and imaging the vascula-ture is a procedure usually entirely different from cerebral angiography.

 

3.2.        Indications

 

1.  Evaluation  of  patients  with  myelopathy,  suspected  to  have  spinal  dural 

 arteriovenous fistulae (most common indication).

2.  Evaluation  of  patients  with  known  or  suspected  spinal  arteriovenous  malfor-

mations or vascular neoplasms (e.g., with spinal intramedullary or subarach-

noid hemorrhages).

3.  Rarely for evaluation of suspected spinal cord ischemia (since cord blood supply 

is so variable, and treatment options for cord ischemia are so limited, angiog-

raphy is mainly done to rule out a fistula as the cause of symptoms).

4.  Planning for neurointerventional procedures on spine or spinal cord.

5.  Pre-op  mapping  of  cord  vasculature  prior  to  spinal  or  aortic  procedures  that 

risk occlusion of the spinal vessels.

6.  Intra-operative assistance with surgery on spinal vascular lesions.

7.  Follow-up  imaging  after  treatment  (e.g.,  after  treatment  of  arteriovenous 

 fistulas or malformations).

 

3.3.        Complications of diagnostic 

spinal angiography

 

Informed consent prior to an angiogram should include a discussion of the risk 

of complications.

 

3.3.1.       Neurological complications

Neurological  complications  in  spinal  angiography  may  include  the  same  risk  of 

cerebral ischemic events that may occur during cerebral angiography when the cervical region is being studied (see Chap. 2). In addition, there is the risk of vessel dissection, or embolic occlusion with thrombus, atherosclerotic plaque, or air emboli occluding the spinal  cord  vessels  and  producing  myelopathy.  Forbes  et  al  reported  that  a  series  of 

 

SPINAL ANGIOGRAPHY                                          3.3. Complications of diagnostic spinal angiography                 117 134 spinal angiograms had 3 (2.2%) neurological complications, all  transient.1 A more recent, but smaller series had zero complications from diagnostic spinal angiography.2 High-volume contrast injection in vessels feeding the spinal cord has also been shown to produce temporary or permanent injury to the spinal cord. 3,4

 

3.3.2.       Non-neurological complications

Non-neurological  complications  of  spinal  angiography  via  the  femoral  artery 

include  the  same  local  and  systemic  complications  seen  in  cerebral  angiography  (as seen in Chap. 2). Forbes reported 8.2% puncture-site complications and 3.7% systemic complications from spinal angiography. 1

 

3.4.        Selective spinal angiography: 

Basic concepts

 

3.4.1.       Pre-procedure evaluation

1.  Brief neurological exam should be done to establish a baseline, should a neuro-

logic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The  femoral  pulse,  as  well  as  the  dorsalis  pedis  and  posterior  tibialis  pulses 

should be examined.

4.  Blood  work,  including  a  serum  creatinine  level  and  coagulation  parameters, 

should be reviewed.

 

3.4.2.       Pre-angiogram orders

1.  NPO except medications for 6 h prior to the procedure.

2.  Place 1 peripheral IV (2 if an intervention is anticipated)

3.  Place Foley catheter (almost always, unlike cerebral angiography)

 

3.4.3.       Sedation/Analgesia/Anesthesia

There  is  variable  use  of  general  anesthesia  vs.  conscious  sedation  for  spinal 

angiography.  The  advantage  of  general  anesthesia  is  that  it  allows  for  patient immobility  including  prolonged  interruption  of  respiration  while  imaging  tiny  spi-nal vessels that are present in the thoracic and lumbar region. General anesthesia also  spares  the  patient  the  potential  discomfort  of  a  long,  involved  angiographic procedure.  Using  non-ionic,  iso-osmolar  contrast,  procedures  can  be  done  under local  anesthesia  with  minimal  sedation,  and  adequate  image  quality  is  possible in  cooperative  patients.  The  advantage  of  local  anesthesia  is  the  avoidance  of  any of  the  potential  complications  of  general  anesthesia  and  the  ability  to  monitor  the neurological status of the patient during the procedure. The limited ability to moni-tor the neurological status of the patient during general anesthesia may be partially mitigated by the use of neurophysiological monitoring, such as somatosensory and/ or  motor  evoked  potentials. 2  However,  neurophysiological  monitoring  adds  to  the cost and complexity of the procedure, and may not be readily available or reliable, depending on the institution.

 

3.4.4.       Contrast agents

Non-ionic contrast agents are almost always used due to their lower osmolality 

and better tolerance when injected into the small vessels feeding the spine. Iodixanol 
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1.  Diagnostic angiogram: Omnipaque®             −1             ™             −1 , 300 mg I mL , or Visipaque , 320 mg I mL

2.  Neurointerventional  procedure:  Omnipaque®,  240 mg  I  mL−1  or  Visipaque™, 

270 mg I mL−1

Patients with normal renal function can tolerate up to 400–800 mL of Omnipaque®, 

and 300 mg I mL −1                              5 without adverse effects. Contrast volumes in spinal angiography can routinely approach these limits, given the large number of injections required.

 

3.4.5.       Femoral artery sheath

Trans-femoral spinal angiography is almost always done with a sheath.

Sheath:

1.  Advantages:  allows  the  rapid  exchange  of  catheters  and  less  potential  for 

trauma to the arteriotomy site. Spinal angiography frequently requires several 

different catheters per case.

2.  Unlike cerebral angiography, catheter position is often tenuous in the vessels 

being selected, and the sheath allows for more precise manipulation and posi-

tioning of the catheter.

3.  Short sheath (10–13-cm arterial sheath) is used most commonly.

4.  Longer  sheath  (25 cm)  is  useful  when  iliac  or  femoral  artery  tortuosity  or 

atherosclerosis can impair catheter navigation. Longer sheaths may need to be 

pulled back, partially out of the iliac artery, when selective catheterization of 

the ipsilateral internal iliac artery is needed.

5.  Technique: Standard arterial puncture techniques are used. Most commonly, a 

5 F  or  6 F  sheath  (Pinnacle®  Sheath;  Terumo  Medical,  Somerset,  NJ)  is  used. 

The lumen of the sheath (and also of the angiographic catheter) is continuously 

perfused  with  heparinized  saline  (5,000 U  heparin  per  liter  of  saline)  under 

arterial pressure.

No sheath:

1.  Spinal angiography without a sheath offers the advantage of a slightly smaller 

arteriotomy, but is rarely done.

2.  Situations  in  which  a  sheath  may  not  be  needed  include  pediatric  cases,  in 

which a smaller arteriotomy is desired, and very limited follow-up angiograms 

in which only one catheter may be used for a quick procedure.

 

3.4.6.       Suggested wires and catheters 

for diagnostic spinal angiography 

 

3.4.6.1.     Hydrophilic wires

● 0.035′ or 0.038′ J-tip wire for sheath insertion.

●                              ® The 0.035 ′ angled Glidewire (Terumo Medical, Somerset, NJ) is soft, flexible, 

and steerable.

 

Catheter                            Use

5 F Angled Taper      Good all-purpose diagnostic catheter for supra-aortic vessels

5 F Mikaelsson       Good all-purpose catheter for intercostal and lumbar arteries

5 F Simmons 1      Alternative to Mikaelsson

4 or 5 F Cobra        Intercostal and lumbar arteries in younger patients

5.5 F RDC           Very stable and torquable, but stiff

5 F Straight           For retrograde flush aortic runs
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● The 0.038′ angled Glidewire (Terumo Medical, Somerset, NJ) is slightly stiffer ®

than the 0.035 ′ and helpful when added wire support is needed.

 

3.4.7.       Vessel catheterization

Selective  spinal  angiography  may  be  either  complete  spinal  angiography,  or  a 

partial,  focused  study  for  a  specific  lesion.  Complete  spinal  angiography  is  a  major undertaking, in which all vessels that may relate to the spinal canal are selectively catheterized and studied. This is most often used in the evaluation of a patient with a suspected dural arteriovenous fistula causing myelopathy. The lesion can be anywhere from the head to the sacrum, and evaluation of all vessels supplying these structures may be required. This may require selective angiography of the right and left inter-nal  and  external  carotid  arteries,  vertebral  arteries,  thyrocervical  and  costocervical trunks, subclavian arteries, intercostal and lumbar arteries, ileolumbar arteries, and anterior and lateral sacral arteries. When the lesion to be evaluated is known to be confined to a specific region of the spine, a more focused study may be more appropri-ate. This should include all the vessels that supply the area of interest, and the levels above and below the lesion, given the possibility of collateral flow from adjacent spinal vessels. Another useful rule of thumb is to visualize normal spinal cord vessels above and below any lesion affecting the cord.

[image: ]

 

Fig. 3.1 Recommended diagnostic catheters.

 

Table 3.1 Blood supply to various spinal regions

Level                        Feeding arteries

Upper cervical          Vertebral, ascending pharyngeal, occipital, deep cervical

Lower cervical          Vertebral, deep cervical, ascending cervical

Upper thoracic          Supreme intercostal, superior intercostal

Mid-lower thoracic      Intercostal

Upper-to-mid lumbar    Lumbar

Lower lumbar          Ileolumbar

Sarcrum              Anterior and lateral sacral
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Roadmapping can be used to aid catheterization of the supra-aortic vessels, such 

as  vertebral  arteries,  and  the  thyrocervical  and  costocervical  trunks.  Roadmapping is less helpful in catheterizing the intercostals and lumbar arteries, since respiratory motion degrades the image.

 

3.4.9.       Double flushing

Catheter flushing technique is discussed in Chap. 2. Although some practition-

ers  advocate  double  flushing  of  catheters  only  in  the  supra-aortic  vessels,  it  makes more sense to use a meticulous flushing technique anywhere in the vascular system. This ensures that one will not forget to use good technique when it is most needed. Moreover, thrombus or air emboli in spinal cord vessels can be just as devastating as cerebral ischemia.

 

3.4.10.     Continuous saline infusion

Three-way stopcock or manifolds can be used to provide a heparinized saline drip 

through  the  catheter.  This  is  particularly  useful  for  long  spinal  angiographic  proce-dures. A rotating adapter on the stopcock is needed to prevent the stopcock from being a drag on free manipulation of the catheter. Using both a rotating three-way stopcock and  a  rotating  hemostatic  valve  on  the  catheter  allows  for  two  pivot  points  to  allow free rotation of the catheter. This is important as the catheter may not be in a stable position in the small lumbar and intercostal arteries.

 

3.4.11.     Hand injection

Frequent small injections (“puffing”) of contrast can be used to help manipu-

late the catheter into the desired lumbar and intercostal arteries. A 20 mL syringe containing  contrast  can  be  left  attached  to  the  catheter  for  these  injections,  and then used immediately for hand injections of contrast for angiographic runs. As is done  in  the  cerebral  vasculature,  the  syringe  is  held  vertically  and  care  is  taken not to allow bubbles to enter the catheter. Most spinal vessels are best imaged with hand injections of contrast, to allow for modulation of the injection rate and  volume, depending  on  the  size  of  the  vessel  and  stability  of  the  catheter.  An  adequate angiographic run can be usually done with a single 2–3 second injection of 4–6 mL (100% contrast) of contrast. The goal is to adequately opacify the vessel of interest without  displacing  the  catheter  or  refluxing  too  much  into  the  aorta  or  into  the ever-present  collaterals  to  other  spinal  vessels.  Patients  should  be  warned  that they will experience warmth and/or cramping in the territory of the injected vessel, and breathing should be suspended during the angiographic run, but the phase of respiration  at  which  the  breath-holding  should  occur  depends  on  the  spinal  level being imaged (see below).

 

3.4.12.     Mechanical injection

A power contrast injector is necessary for thoracic or lumbar aortic angiograms, 

and  for  large  vessels  such  as  subclavian  or  iliac  arteries.  As  stated  in  Chap.  2,  the pressure and flow rate settings should not exceed the ratings of the stopcock or cath-eter. Common power injector settings for vessels studied in spinal angiograms using a 5 F catheter are listed in Table 3.2. Note that these rates and volumes may need to be increased or decreased depending on the size of the vessels, the stability of the cath-eter, and the quickness of the runoff of the contrast on your test injection. Use extreme caution if your catheter is wedged in the vessel and be especially careful if there is a possibility that a spinal cord vessel is arising from the branch you are injecting, since high pressure power injections can damage the cord. When in doubt, just use careful hand-injections of contrast.
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Table 3.2 Standard power injector settingsa

Vessel                        Power Injector Settings

Aortic arch                               −1 20 mL s; total of 25 mL

Retrograde aortic flush                  −1 10 mL s; total of 30 mL

Iliac artery                          10 mL s; total of 20 mL

Subclavian artery                6 mL s; total of 15 mL

Vertebral artery                   6 mL s; total of 8 mL

Lumbar or intercostal artery      2 mL s; total of 6 mL

For 3D imaging                           −1 0.5–2 mL s; total 7–30 ml (higher doses for high flow AVF)

a For digital subtraction angiography using a 5 F catheter

 

3.4.13.     Vessel selection

If  the  exact  level  of  the  lesion  is  known  from  non-invasive  imaging,  the  spinal 

angiogram should begin with those vessels supplying that area. Following catheteri-zation of the vessel of interest, it is then customary to work systematically above and below the lesion to include normal territory adjacent to the lesion. Lesions of the cord itself usually require mapping of the spinal cord supply above and below the lesion. For complete spinal angiography, it is particularly important to image the intercostal and lumbar arteries in a systematic fashion so that one does not inadvertently miss or repeat a level. It is helpful to maintain a worksheet during the procedure, and list the  sides  and  vessels  injected  during  each  angiographic  run.  Radio-opaque  marker rulers can be placed under the patient on the table or marker tapes can be affixed to the patient’s back, slightly off mid-line to have a reference available on each film to help confirm the levels studied. Additionally, bony landmarks, such as the 12th rib, can also help with keeping track of the vessels being studied.

 

3.4.14.  Angiographic images and standard views

Spinal angiography has a number of features that make it less desirable to use 

biplane imaging routinely. The vascular anatomy is usually quite simple compared to cerebral  vessels.  Moreover,  when  one  images  the  spine  in  lateral  view,  higher  doses of x-rays are required to adequately penetrate the thoracic or lumbar region to give good visualization of the structures. Consequently, to limit the radiation dose to the patient and operator, and to prevent over-heating the X-ray tube, usually only single plane, frontal images of the thoracic, lumbar, and sacral spine are usually performed. Lateral views are taken when the vessels supplying the lesion are found. Additionally, when a complex vascular lesion is found, 3D rotational imaging can be done when the proper imaging equipment is available. Prestigiacomo et al.6 found that 3D  imaging was  better  than  conventional  angiography  for  spinal  AVMs  in  determining  the relationship of lesions to the spinal cord and detecting intranidal aneurysms. Three-dimensional imaging requires general anesthesia to ensure immobility during the 15 s imaging acquisition and contrast must be slowly injected in the vessel of interest for approximately 15–17 s beginning 1 s prior to starting the acquisition to ensure that the vessels are opacified throughout the full rotation of the gantry.

1.  When  viewing  the  spinal  angiographic  images,  the  normal  anatomic  features 

should be recognized. Segmental spinal vessels have osseous branches that sup-

ply  the  vertebra  at  that  level,  radicular  branches,  variable  radiculomedullary 

branches that connect to the anterior spinal artery, variable radiculopial branches 

that feed the posterolateral spinal arteries, muscular branches, and anastamoses 

to the contralateral and cephalad and caudal adjacent segmental branches.

2.  Other imaging features worthy of attention during the performance of a spinal 

angiogram:
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(a)  Vessel contour and size (angioarchitecture).

(b)  Presence or absence on contribution to spinal cord. Look for the hair-pin 

turn of the artery of Adamkiewicz and fairly straight ascending and/or 

descending vessels in the spinal canal.

(c)  Presence of abnormal or unexpected vascular channels (neovascularity).

(d)  Presence  or  absence  of  an  abnormal  vascular  blush.  Note  that  normal 

muscle and bone normally display a vascular blush.

(e)  Early venous filling indicative of an AV shunt.

(f)  When there is a shunt, where do the veins drain to?

(g)  Injection  of  intercostals  or  lumbar  arteries  that  fill  the  anterior  spinal 

artery  should  be  examined  for  the  appearance  of  the  coronal  venous 

plexus of the spinal cord within about 15 s after contrast injection. Lack 

of visualization of the veins along the cord and the radicular veins that 

anastamose  with  the  epidural  veins  can  be  evidence  of  the  presence  of 

severe spinal venous hypertension.

 

3.5.  Normal spinal angiographic images

 

Pearl

Remember the anterior spinal artery is in the midline. The posterolateral spinal 

arteries are slightly off midline.

[image: ]

 

Fig. 3.2 Lateral vertebral artery angiogram showing anterior spinal artery (arrows).
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angiography

Most spinal angiography can be done with relatively slow frame rates of 1 or 2 

frames per second (fps). Most arteriovenous fistulae in the spine are relatively slow filling. Only very high flow arteriovenous shunts would require 3 fps or faster  imaging. Routine use of fast frame rate while imaging the spine below the cervical region will soon overheat the X-ray tube and may not even be possible with lower  quality imag-ing  chains.  For  most  spinal  arteriography,  a  10–12 s  imaging  sequence  allows  for  visualization  of  arterial,  capillary,  and  venous  phases.  However,  when  screening  for causes of spinal venous hypertension, such as a spinal dural AVF, injection of the seg-mental vessel supplying the artery of Adamkiewicz may require imaging for 20–25 s to visualize the venous phase of the spinal cord vasculature.

[image: ]

 

Fig. 3.3 Superior intercostal artery.
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Size  measurements  and  calibration  can  be  done  as  mentioned  in  Chap.  2.  In 

 spinal  angiography,  radio-opaque  rulers  may  be  placed  under  the  patient  for  refer-ence, and utilized for calibration.

[image: ]

 

Fig. 3.4 Intercostal artery.

 

SPINAL ANGIOGRAPHY                                                   3.5. Normal spinal angiographic images                125 3.6.         Spinal angiographic procedures

 

3.6.1.       Femoral artery puncture

1.  Standard arterial access is obtained (see Chap. 2).

2.  A femoral arterial sheath is placed (5 or 6 French).

[image: ]

 

Fig. 3.5 Lumbar artery.
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artery catheterization

1.  Very rarely, spinal angiography may require access from the arm if there are 

femoral, iliac, or aortic occlusions.

2.  If lower lumbar arteries must be imaged using an upper extremity artery for 

access,  use  an  axillary  approach,  since  even  100 cm  catheters  may  not  reach 

from a radial or even brachial approach.

[image: ]

 

Fig. 3.6 L1 lumbar artery injection showing artery of Adamkiewicz (black arrows), with 

the characteristic hairpin turn followed by the anterior spinal artery (white arrow).
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1.  Screening aortic injections by pigtail catheter are a way to get a rough idea of 

vascular anatomy in the thoracic and lumbar region.

2.  It is most helpful in elderly patients with aortic atherosclerosis or aortic aneu-

rysms to see which segmental vessels may be occluded.

3.  As a rule, aortic injections provide poor visualization of small spinal vessels, 

so they do not eliminate the need for selective spinal angiography.

4.  In the lumbar region, pigtail catheter injections fill all the visceral vessels as 

well  as  the  lumbar  arteries.  This  can  obscure  even  fairly  extensive  vascular 

abnormalities in the spine.

5.  For most cases, it is not worth wasting the time or contrast on aortic injections.

 

3.6.4.       Retrograde aortic flush

1.  Better visualization of the segmental spinal arteries can be obtained with a 


retrograde aortic flush, as opposed to standard pigtail injections.7,8

2.     Bilateral femoral arterial sheaths are required (5 or 6 Fr).

3.  A straight catheter (5 or 6 Fr) is positioned in each common iliac artery.

4.  Simultaneous power injection of contrast in each catheter is needed. A sterile 

Y-connector  that  is  rated  for  high  pressure  can  connect  the  tubing  from  the 

injector to both catheters. Alternatively, two separate injector machines may 

be used.

5.              −1 20 mL s for a total of 50 mL distributed equally between the two catheters is 

injected.

6.  Contrast usually streams up the posterior wall or the aorta, providing visuali-

zation of the lumbar, and lower intercostals arteries, with less obscuration of 

the anterior visceral arteries.

7.  More viscous contrast, such as Omnipaque 350 or Visipaque 320 works best 

with this technique.

8.  Usually no more than 5 vertebral levels are well imaged by this technique. The 

catheters may need to be positioned in the upper lumbar aorta to visualize the 

higher thoracic levels.

9.  This technique is still not a replacement for selective spinal angiography.

10.  Retrograde aortic flush is contraindicated in very tortuous aorta or iliac ves-

sels, in the presence of extensive atherosclerosis, or aortic or iliac aneurysmal 

disease, due to a risk of dissection or plaque disruption.

 

3.6.5.       Intercostal and lumbar 

artery catheterization

1.  For  complete  spinal  angiography,  these  segmental  vessels  constitute  the 

majority of the vessels to be studied.

2.  Unless  the  exact  site  of  a  lesion  is  known  from  other  imaging  studies,  the 

segmental spinal vessels should be studied in a systematic fashion to ensure 

that all are being visualized.

3.  Using a Mikaelsson or Simmons catheter, it is often most efficient to go from 

caudal to cranial, to avoid un-forming the curve of the catheter.

4.  Using most other catheters, such as Cobra catheters, it works best to go from 

cranial to caudal.

5.  From  one  level  to  the  next,  the  segmental  vessels  come  off  at  similar  posi-

tions along the wall of the aorta, so it is best to go from one level to the next 

and do all on one side before going back and doing all on the other side. This 

is much quicker than rotating the catheter from one side to the other at each 

level.

6.  The catheter is slowly rotated and moved forward or backward while puffing 

small amounts of contrast until the desired vessel is engaged.

7.     The catheter is gently pulled back to ensure it is seated in the vessel.

 

128             3.6. Spinal angiographic procedures                                                            SPINAL ANGIOGRAPHY

8.  The catheter should be held in position with one hand to prevent it from rotat-

ing  out  of  the  vessel,  and  contrast  injected  for  an  angiographic  run,  during 

transient arrest of respiration.

9.  Keeping the catheter at the same angle of rotation, it is then gently pushed 

forward (for Mikaelsson or Simmons) or withdrawn (for Cobra) to disengage 

from the vessel.

10.  Again keeping the same angle of rotation, the catheter is moved to the next 

vertebral level and it should just pop into the lumbar or intercostal branch.

11.  Alternatively,  the  catheter  can  be  left  in  the  branch,  then  slowly  rotated 

toward the right or left until it enters the contralateral segmental branch at 

the same vertebral level.

12.  Continue the process in a systematic fashion until all the desired vessels are 

studied.

 

3.6.6.       Optimizing images by reducing 

respiratory or other motion

General anesthesia can be used to prevent patient motion. With or without gen-

eral anesthesia, imaging the intercostals and lumbar arteries should be done during breath-holding. For lower lumbar imaging, the patients can hold their breath in either inspiration or expiration, whichever moves aerated bowel away from the area of inter-est. Upper lumbar and lower thoracic imaging is best if the patients hold in expira-tion, to keep the interface of lung and diaphragm out of the imaging field. In the mid thoracic region above the diaphragm, the patients should hold their breath in inspira-tion, to keep the diaphragm below the area of interest. In the upper thoracic region, catheter positioning is frequently very tenuous, and deep respirations in anticipation of breath holding can displace the catheter. In this region it is best to have the patient suspend respiration without deep inspiration or expiration.

In  the  lumbar  region,  bowel  peristalsis  can  sometimes  degrade  subtraction 

images.  Bowel  movement  can  be  temporarily  slowed  by  injecting  1 mg  of  glucagon or  40 mg  of  hyoscine-N-butylbromide  (Buscopan ®;  Boehringer  Ingelheim  GmbH, Germany) IV just prior to acquiring the images.9

 

Pearls

To facilitate catheterization of the intercostal and lumbar arteries, remember the 

following facts:

1.  The  more  caudal  you  go,  the  more  posterior  the  origins  of  the  segmental 

vessels  are,10  and  the  more  symmetrical  the  origin  of  the  right  and  left segmental vessel.

2.  Upper thoracic right-sided intercostal arteries arise from the lateral wall of 

the aorta; the left are more posterior. Right and left lower lumbar arteries 

both arise from the posterior wall of the aorta.

3.  Lower lumbar arteries may have a common origin of both the right and left 

lumbar artery from the aorta.

4.  In  lumbar  and  lower  thoracic  regions,  segmental  branches  usually  arise 

just below the level of the pedicle.

5.  In the more cephalad levels in the thoracic region, the intercostal arteries 

are closer together, and slope cephalad to supply vertebral levels above the 

level of the aorta from which they arise.

6.  The  highest  intercostal  arteries  are  close  together,  and  their  angulation 

often  makes  it  difficult  to  keep  the  catheter  in  a  stable  position  in  the 

vessel.

7.  The  superior  intercostals  are  just  below  the  aortic  arch  and  ascend  and 

variably supply two or three thoracic vertebral levels above the origins of the 

vessels.

8.  Do not forget that the supreme intercostals are at the costocervical trunks 

(hence, the name “costo-”cervical) and supply the most cranial two or three 

thoracic levels.
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1.  The anterior sacral artery starts at the aortic bifurcation, and is usually cath-

eterized with any reverse-curve catheter (like Mikaelsson or Simmons).

2.  Ileolumbar and lateral sacral arteries come off the internal iliac arteries.

3.  Common  iliac  injections  can  be  done  to  locate  the  spinal  vessels  to  be 

selected.

4.  Iliac  arteries  and  their  branches  contralateral  to  the  femoral  puncture  site 

are  catheterized  by  engaging  the  iliac  with  the  catheter,  then  advancing  a 

hydrophilic wire well down into the contralateral femoral artery. The catheter 

is then advanced antegrade over the wire into the external iliac. While inject-

ing small amounts of contrast, it is slowly pulled back and rotated until the 

desired vessel is catheterized.

5.  Iliac  arteries  ipsilateral  to  the  femoral  puncture  require  a  fully  formed 

Mikaelsson or Simmons in the aorta, which is slowly withdrawn and rotated 

so that it points back into the ipsilateral iliac. As small amounts of contrast 

are injected, it is withdrawn and rotated into the vessel of interest.

6.  The ipsilateral iliac vessels can often be well imaged from a retrograde injec-

tion of a catheter or sheath with its tip in the distal external iliac artery.

7.  If  a  sheath  is  used,  it  may  have  to  be  pulled  back  into  the  external  iliac  to 

allow catheterization of the iliac branches.

8.  Truly  selective  injections  of  the  ileolumbar  and  lateral  sacral  arteries  may 

require  the  use  of  a  microcatheter/micro-guidewire  assembly  placed  coaxi-

ally through the 5-French catheter positioned with its tip at the origin of the 

internal iliac artery.

9.  Ileolumbar  arteries  are  at  the  very  proximal  internal  iliac  and  the  lateral 

sacral a little more distally off the posterior division of the internal iliac.

10.  Warn patients that they will feel the heat of the contrast in very private places 

when injected in the iliac arteries and their branches.

 

3.6.8.       Vertebral artery catheterization

1.  For complete spinal angiography, the vertebral arteries must be studied.

2.     Vertebral artery catheterization is discussed in detail in Chap. 2.

3.  The vertebral arteries fill the anterior spinal arteries at the vertebrobasilar 

junction  and  the  posterolateral  spinal  arteries  proximal  to,  or  directly  from, 

PICA.

4.  Remember  that  segmental  branches  of  the  vertebral  may  contribute  also  to 

the spinal cord. If the catheter tip is positioned too high up in the vertebral 

artery, lower segmental feeders to the cord may be overlooked.

 

3.6.9.       Thyrocervical/Costocervical 

trunk catheterization

1.  For  complete  spinal  angiography,  these  subclavian  artery  branches  must  be 

studied.

2.  For  most  cases,  a  simple  curve  on  the  catheter  (Angled  Taper,  Vertebral,  or 

Berenstein curves) works best.

3.  Advance  the  catheter  over  a  wire  into  the  subclavian  artery  well  beyond  the 

origin of the vertebral artery.

4.  Double flush the catheter, then slowly withdraw the catheter, keeping the tip 

pointed cephalad, while gently injecting small quantities of contrast until the 

catheter engages the desired vessel.

5.  The costocervical trunk is just distal to the thyrocervical trunk, which is just 

distal to the vertebral artery.

6.  There may be an anomalous artery of the cervical enlargement, supplying the 

cord directly from the subclavian.

7.  With  tortuous  vessels  or  confusing  anatomy,  a  subclavian  injection,  using  a 

slight ipsilateral oblique view, can help.
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1.  For complete spinal angiography, branches of the carotid arteries must be stud-

ied.

2.  Carotid artery catheterization is discussed in detail in Chap. 2.

3.  External  and  internal  carotid  injections,  and  preferably,  selective  injec-

tions of ascending pharyngeal and occipital arteries are needed. The middle 

meningeal artery may also contribute to AV fistulae that drain to the spinal 

cord veins.

 

3.6.11.     Reconstituting a Mikaelsson catheter

The Mikaelsson catheter has a reverse curve that must be reconstituted after 

the  catheter  is  introduced  into  the  aorta,  similar  to  the  Simmons  catheter.  The Simmons 2 catheter is discussed in detail in Chap. 2. The Mikaelsson can be recon-stituted if a wire is advanced into the contralateral iliac artery or a renal artery. The catheter is then advanced over the wire until the primary curve is just into the iliac or renal artery. Then the wire is pulled back and the catheter gently advanced, reforming the shape of the reverse curve. As the catheter continues to advance, it will pull out of the engaged renal or iliac artery and be fully formed in the aorta. Sometimes the catheter will spontaneously reform its shape if it is advanced up to the  aortic  arch  distal  to  the  left  subclavian  artery  and  rotated.  Reconstitution  in the  left  subclavian  or  the  aortic  valve  is  not  an  option  due  to  the  short  length  of the catheter.

Remember that pulling back on the Mikaelsson can engage intercostal arteries, 

lumbar  arteries,  and  those  pesky  visceral  vessels,  which  can  un-form  the  catheter curve  if  it  is  pulled  back  further.  The  catheter  should  always  be  pulled  back  slowly under fluoroscopic visualization, as the catheter is constantly rotated to avoid snag-ging vessels along the way.

 

3.6.12.  Femoral artery puncture site management

Arterial puncture site management and closure techniques and devices are dis-

cussed in Chap. 2.

 

3.6.13.     Post-angiogram orders

1.  Bed rest with accessed leg extended, head of bed ≤ 30°, for 6 h, then out of bed 

for 1 h. (If a closure device is used, bed rest, with head of bed ≤ 30°, for 1 h, then 

out of bed for 1 h).

2.  Vital signs: Check on arrival in recovery room, then Q 1 h until discharge. Call 

physician for SBP < 90 mmHg or decrease 25 mmHg; pulse > 120.

3.  Check  puncture  site  and  distal  pulses  upon  arrival  in  recovery  room,  then  Q 

15 min × 4, Q30 min ×2, then Q1 h until discharge. Call physician if

(a)  Bleeding or hematoma develops at puncture site.

(b)  Distal pulse is not palpable beyond the puncture site.

(c)  Extremity is blue or cold.

4.  Check puncture site after ambulation.

5.  IVF: 0.9 N.S. at 100 mL h−1 until patient is ambulatory.

6.  Resume pre-angiogram diet.

7.  Resume routine medications.

8.  PO fluids 500 mL.

9.  D/C Foley catheter and IV prior to discharge.

10.  Check  BUN  and  creatinine  24–48 h  post  procedure  if  very  large  volumes  of 

contrast were used.
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3.7.1.       Intraoperative spinal angiography

Intraoperative  spinal  angiography  is  employed  by  some  neurosurgeons  during 

surgery  for  spinal  AV  fistulae  and  arteriovenous  malformations.11  It  can  be  helpful to  localize  small  lesions  and  to  confirm  complete  removal  of  lesions.  It  correlates well  with   post-operative  angiography  in  the  angiography  suite,  and  can  show  an  unexpected  residual  AV  shunt  in  up  to  33%  of  cases.12  Intraoperative  spinal  angio-graphy  poses  technical  challenges  compared  to  intraoperative  cerebral  angiography. First, the patient is usually prone during the operation. This requires that a long (at least  25 cm)  sheath  be  placed  in  the  femoral  artery  prior  to  the  patient  being  posi-tioned prone. The sheath is only inserted a short distance, and is positioned so that its hub is along the lateral aspect of the hip, so it can be accessed after the patient is turned prone. An alternative for arterial access is a trans-radial approach.13 Another potential  challenge  is  the  fact  that  most  operating  room  tables  are  not  radiolucent, which can make it a challenge getting the right C-arm angle to visualize the catheter and the desired vessels. A Jackson frame should be used instead of an operating table if possible. Prone positioning can also confuse the angiographer and make catheteri-zation of the desired vessels difficult. 14 An easy aid to catheterization is to reverse the fluoroscopic image side-to-side when working the catheter on a prone patient. These challenges may be overcome, but are one reason why intraoperative spinal angiogra-phy is not more commonly practiced.

 

3.8.        Tips for imaging specific lesions

 

3.8.1.       Spinal intra-or perimedullary 

arteriovenous malformations

● All  feeding  arteries  and  draining  veins  should  be  identified;  this  requires 

visualization  of  the  spinal  cord  vessels  at  the  level  of  the  lesion,  and  several 

segmental levels above and below the lesion.

● Normal spinal arteries should be seen above and below the lesion to ensure all 

feeders have been seen.

● Biplane,  magnified  runs  are  useful  to  evaluate  the  architecture  and  relation-

ship to the cord.

● Rapid imaging rates of 3–5 fps can sometimes provide a better visualization of 

the angio-architecture of the lesion.

● Images should be carefully evaluated to determine how the lesion relates to the 

anterior and posterolateral spinal arteries.

● Intranidal aneurysms/pseudo-aneurysms need to be looked for.

● 3D imaging may be useful

 

3.8.2.       Spinal perimedullary 

arteriovenous fistulae

● These are uncommon, congenital fistulae that are usually obvious on noninva-

sive imaging.

● Like other vascular malformations, normal spinal arteries should be seen above 

and below the lesion to ensure all feeders have been seen.

● Biplane,  magnified  runs  are  useful  to  evaluate  the  architecture  and  relation-

ship to the cord.

● These are high flow lesions, requiring rapid imaging rates of 3–15 fps.

● 3D imaging may be useful.
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● By far the most common suspected indication for spinal angiography.

● Even  if  the  area  of  myelopathy  is  known  from  clinical  symptoms  and  non-

invasive imaging, the site of the arteriovenous fistula may be remote from the 

area affected, so be prepared to do complete spinal angiography.

● Look  for  an  enlarged  vein  filling  from  a  radicular  of  a  lumbar  or  intercostal 

artery in most cases.

●                                                                     15 Occasionally, the fistula may be found at the craniocervical junction, intracra-

nially,16 or in the paraspinal region.13

● In  cases  of  thoracic  myelopathy  from  a  dural  AV  fistula,  lack  of  visualization 

of  the  coronal  venous  plexus  and  radicular  veins  after  injection  of  the  artery 

of Adamkiewicz provides convincing evidence for venous hypertension and con-

firms the diagnosis of an AV fistula.

● Conversely, good visualization of normal spinal cord veins within 15 s after seeing 

the artery of Adamkiewicz makes the diagnosis of AV a fistula much less likely.

 

3.8.4.       Spinal intramedullary vascular tumors

● The most common indication is spinal hemangioblastoma, usually preoperative 

and/or pre-embolization.

● All  feeding  arteries  and  draining  veins  should  be  identified;  this  requires 

visualization  of  the  spinal  cord  vessels  at  the  level  of  the  lesion,  and  several 

segmental levels above and below the lesion.

● Biplane,  magnified  runs  are  useful  to  evaluate  the  architecture  and  relation-

ship to the cord.

 

3.8.5.       Spinal extradural vascular tumors

● Usual indications are in cases of pre-operative evaluation of patients with aneu-

rismal bone cyst or vascular metastases such as renal or thyroid cancer.

● All feeding arteries should be identified; this requires visualization of the seg-

mental spinal vessels bilaterally at the level of the lesion, and several segmental 

levels above and below the lesion.

● Normal spinal arteries at the level of the lesion or at nearby levels should be 

identified so that they can be carefully spared during any anticipated emboliza-

tion procedure or at the time of surgery.

 

3.8.6.       Preoperative angiography for surgery 

that may risk occlusion of the spinal 

cord blood supply

● Major spinal surgery, aortic aneurysm repair, or stent-grafts may carry a risk 

of ischemic myelopathy if radiculomedullary contributors to the anterior spinal 

artery, and adjacent segmental vessels are all occluded.

● Preoperative spinal angiography can locate the variable spinal cord vessels. If a 

dominant spinal cord feeder is at risk in the surgical field it could be spared, or 

the feeding intercostal or lumbar artery could be reimplanted into the aorta.
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This chapter addresses the design and staffing of the endovascular suite, as well as monitoring and pharmacological considerations. The objectives of this chapter are to provide an introduction to residents and fellows new to the angio suite, and serve as a guideline for experienced operators planning a new suite.

 

 

4.1.  Organization and essential equipment

 

The  neurointerventional  suite  should  be  dedicated  to  the  neurointerventional 

service. The AHA Intercouncil Report on Peripheral and Visceral Angiographic and Interventional  Laboratories  produced  detailed  recommendations  for  the  design  and equipment  needed  for  an  interventional  suite.1  Although  these  guidelines  were  not designed  specifically  for  neurointerventional  suites,  they  are  a  useful  resource  for planning and equipment selection. Once new equipment is installed, a medical physi-cist should be contracted to check out the equipment to ensure that all the specifica-tions are met and that the image quality is adequate. In addition, annual checks by the physicist are necessary to maintain image quality and minimize radiation dose.

1.  Size. The procedure room should be large enough to accommodate anesthesia 

personnel and their equipment, as well as additional personnel and equipment 

that  may  be  needed  for  particular  procedures.  For  example,  electroencepha-

lography  and  other  electrophysiology  monitoring  devices  are  required  during 

Wada testing. The size of a typical interventional suite is at least 30 × 25 feet, 

or 750 square feet, with a ceiling height of 10–12 feet.1, 2

2.  Entrances.  Separate  entrances  for  patient  transportation  and  for  personnel, 

usually from the control room, facilitate rapid room turnover and reduce crowd-

ing.

3.  Standard equipment.

(a)  Wall-mounted light boxes (preferably in the control room, rather than the 

suite, to reduce glare)

(b)  Sinks for waste and for cleaning

(c)  Telephone

(d)  Glass-fronted storage cabinets for equipment and devices.

4.  Anesthesia requirements. The room should be equipped with oxygen, suction, 

gas evacuation lines, and a separate telephone for anesthesia personnel.

5.  Lighting.

(a)  Overhead lights should be controlled with a rheostat to allow dimming of 

the room lights.

(b)  Foot pedals to control the lights and an overhead spotlight to illuminate 

procedures  (such  as  during  wire  and  catheter  shaping  and  arterial 

access site closure) are helpful.

6.  Tables

(a)  Patient table. The patient’s table should be capable of four-way motion, 

permitting  wide  excursion  and  pivot  rotation.  The  table  should  also  be 

able  to  be  angled  up  to  30°  from  horizontal,  to  facilitate  myelographic 

procedures and Trendelenburg position in cardiovascular emergencies.

(b)  Second table. A second table, within easy reach of the operator, is used 

for  device  preparation  and  placement  of  devices  and  materials  for  use 

during procedures.

(c)  Third table. A third table is needed for procedures in which some mate-

rials,  such  as  glue  or  particles  for  embolization,  must  be  kept  separate 

from the other devices.

7.  Power contrast injector.

(a)  The power injector should be capable of delivering rates up to 50 mL s−1. (b)  Ceiling-mounted  or  table-mounted  injectors  are  preferred  over  floor 

models.
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8.  Control room.

(a)  Contains the console for operating the angiographic equipment.

(b)  The control room should be spacious enough to accommodate ancillary per-

sonnel, as well as medical students and visitors (at least 130 square feet). 1

(c)  The  control  room  window  should  be  expansive  (≥  4 ft  by  8 ft)  should  be 

equipped with a Venetian blind to provide patient privacy during proce-

dures such as Foley catheter placement.

(d)  The control room should also contain a computer workstation to permit 

viewing, storage, and analysis of images.

9.  Storage space – Often not considered during room planning. There should be 

enough space to store plenty of device stock, both within the angiography suite 

and in other rooms close by. Glass-fronted storage cabinets in the suite facili-

tate rapid device selection during procedures. A separate, out-of-room storage 

space should be at least 250 square feet.1

10.  Power requirements

(a)  Three-phase 220 V and 440 V AC power with a minimum of 100 amperes 

per phase.1

(b)  Emergency room power (sufficient to keep the room running for at least 

several minutes in a power outage).

11.  Temperature and humidity must be kept within narrow limits:2

(a)  Temperature: 72 ± 10°

(b)  Humidity: 45% ± 15%

12. Equipment room. A separate, cooled and ventilated room should contain trans-

formers, power modules, and related equipment. The recommended size for the 

equipment room is 100 square feet.1

(a)  An alternative to a separate room is an alcove for electronics that can be 

partially  closed  off  by  sliding  or  swinging  doors.  Air  supply  and  return 

vents are positioned over the electronics cabinets, with a separate ther-

mostat for the area.

13. Data management

(a)  Data storage. The system should be able to store at least several weeks 

worth  of  imaging  data  to  allow  for  rapid  comparison  of  studies  on 

patients  that  return  for  urgent  follow-up,  including  patients  who  have 

suspected  vasospasm,  in  whom  subtle  caliber  changes  are  easier  to 

detect if prior studies are available real-time.

(b)  A  picture  archiving  and  communication  system  (PACS)  is  a  computer 

system  that  manages  the  acquisition,  transmission,  storage,  distribu-

tion,  display,  and  interpretation  of  medical  images.  PACS  display  sys-

tems are reviewed by Badano,3 and guidelines for the acquisition of and test of PACS are discussed in depth by Samei and colleagues. 4

 

4.2.        Angiography equipment

 

Isocentric biplane digital subtraction angiographic equipment is much preferable 

to a single plane system. Biplane technique decreases time necessary for procedures, reduces  radiation  exposure,  minimizes  contrast  dose,  and  offers  a  definite  technical advantage  by  permitting  simultaneous  imaging  of  the  anteroposterior  and  lateral planes.  Rotational  3D  angiography  is  also  useful  in  defining  tortuous  and  intricate neurovascular  anatomy.  Ceiling-mounted  equipment,  such  as  video  monitors  and power-contrast  injectors,  are  easier  to  manage  and  are  less  obtrusive  than  floor-  or table-mounted devices.

 

4.2.1.       Technical specifications

1.  Generator

(a)  Rating should be a minimum of 80 kW, kV(p) ≥ 125, 800 mA at 100 kV(p), 

or 1,000 mA at 80 kV(P), with a minimum switching time of 1 ms.

(b)  Should be a high-frequency inverter generator with a power rating of 80 

to 100 kW. 1

(c)  Should automatically compensate for voltage fluctuation.

(d)  Should  be  spatially  and  electrically  isolated,  and  high-voltage  cables 

need to be shielded.
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2.  X-ray tube

(a)  Focal spot indicates the size of the x-ray source. The smaller the source, 

the greater the resolution. At least three focal spot sizes are necessary:

●   Small, 0.3 mm, kilowatt rating 20–30 kW. ●   Medium, 0.8 mm, kilowatt rating 40–60 kW. ●   Large, 1.3 mm kilowatt rating 80–100 kW.

(b)  Heat capacity should be at least 800,000 to 1 million units.1

3.  The target angle should be ≤ 12°.

4.  The  anode  disk  typically  consists  of  graphite,  with  a  surface  coating  of  tung-

sten/rhenium alloy, and a minimum diameter of 150 mm.

(a)  Anode  heat  unit  capacity  of  2.4  million  heat  units  is  typical  at  the 

present time; a unit with too few heat units will cause a lengthy proce-

dure to be intermittently placed on standby.

5.  Image  intensifier  (II)  size  should  range  from  9  to  12  inches.  The  smaller  the 

II, the higher the resolution at high magnification (drawback: the smaller the 

II,  the  smaller  the  field  of  view).  The  field-of-view  size  can  be  electronically 

adjusted using tableside controls. The II should be selected for high resolution 

and high contrast ratio.

(a)  The conversion efficiency factor should be greater than 250 candelas per 

meter  squared  per  milliroentgen  per  second  (cd/m2)/mR/s  measured  at 80 kW.1

(b)  Spatial resolution is measured at the II tube and should be at least 2.2 

line-pairs/mm in the 9 inch field of view, and 3.3 line-pairs/mm for a 6 

inch field of view.

(c)  Contrast ratio should be at least 20:1.

6.  Flat panel technology can replace the imaging intensifier. With the appropriate 

software,  it  allows  for  rotational  cone-beam  3-D  CT,  allowing  visualization  of 

soft tissues just like a standard CT scan.

(a)  Advantages: No need for correction for magnetic field distortion; radia-

tion exposure is significantly reduced; larger and more variable field of 

view; improved image quality; maintains image quality longer in the life 

of the equipment, unlike II technology in which image quality inevitably 

degrades.

(b)  Drawbacks: In the fluoroscopy mode, the displayed image is quite differ-

ent from II images, which takes getting used to; more expensive.

7.  Monitors.

(a)  Five angiography video monitors are necessary and should be mounted 

on  the  ceiling.  Two  monitors  are  used  to  view  digital  subtraction  angi-

ograms or roadmaps; the other two are used for live fluoroscopic imaging 

during  procedures.  The  fifth  is  a  monitor  for  3D  reconstructions.  Yet 

another  monitor  to  display  hemodynamic  parameters  should  be  posi-

tioned next to the angiography monitors. The monitors should measure 

at  least  17  inches  in  the  diagonal  and  have  an  anti-glare  coating.  Two 

kinds of monitors are available: CRTs and flat panels.

●   Cathode ray tube (CRT) monitors.

–  Advantages:  Less  expensive  than  flat  panels,  good  viewing 

angles and noise texture.

–  Disadvantages: Heavier and age faster than flat panels.

–  Minimum specs: 1,024 × 1,024 resolution, brightness ~ 500 nit 

(cd /m2), antiglare coating.

●   Flat panel monitors

–  Advantages: Good contrast and brightness. Lighter.

–  Disadvantages: More expensive, may have viewing angle and 

noise texture limitations.

–  Minimum specs: 1,600 × 1,200 resolution, brightness ≥ 700 nit 

(cd /m 2), 700:1 contrast ratio, 170° viewing angle.

(b)  The monitors should be able to display at least 1,024 × 1,024 resolution.5 (c)  Spatial  resolution  should  be  at  least  1.8  line  pairs/mm  in  the  9  inch 

mode.

8.  Vendors. All five angiography equipment manufacturers make equipment that 

features  biplane  DSA,  flat  panel  technology,  and  3-D  imaging.  Some  advan-

tages or disadvantages with each company are listed below:

a.  Toshiba

● Biplane imaging equipment features a variable isocenter – allows 

for  easier  adjustments  in  c-arm  positioning.  Toshiba  equipment 

also  has  a  unique  direct  x-ray-to-electronic  flat  panel  system, 

which, theoretically lowers noise in the system.
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b.  Siemens

● Nice 3-D imaging algorithm. Siemens x-ray tubes have a relatively 

high  x-ray  heat  capacity,  which  makes  for  fewer  interruptions 

during procedures due to over-heating. Siemens is also unique for 

“Dynavision,”  which  produces  soft  tissue  imaging  similar  to  CT 

scanning.

c.  Philips

● Good all-around functionality. Philips’ rapid tube rotation, for 3-D 

imaging,  produces  a  faster  acquisition  than  other  systems.  The 

“default x-ray settings” on Philips equipment can produce a lower 

x-ray exposure for the patient, at the cost of lower imaging quality 

(however, these settings can be adjusted if needed).

d.  General Electric

● In  the  past,  GE  has  tended  to  have  a  less  dense  imaging  matrix 

compared to other vendors and focal spots have been larger.

e.  Shimadzu

● Also  features  a  variable  isocenter.  Shimadzu  equipment  has  a 

unique  motion-artifact  correction  feature.  Shimadzu  3-D  imaging 

is not as advanced as the other vendors.

 

4.3.        Radiation safety

 

4.3.1.       Patient radiation exposure

1.  The  overall  radiation  exposure  with  most  neurointerventional  procedures  is 

low.  In  a  series  of  eight  neurointerventional  cases,  the  mean  effective  radia-

tion dose was 1.67 mSv (range, 0.44–3.44 mSv).6 The estimated risk of death by radiation-induced cancer with the highest effective dose was approximately one 

for every 6,000 procedures.

2.  Although there is no defined maximum radiation exposure for patients, as the 

medical benefits are assumed to outweigh the presumed risks,7 radiation expo-sure to patients should be minimized.

3.  Cornerstones of minimizing radiation dose to the patient:1

(a)  Minimizing exposure time (e.g., by minimizing fluoroscopy time).

(b)  Using appropriate shielding.

(c)  Maximizing distance from the x-ray source

4.  The  National  Council  on  Radiation  Protection  and  Measurements  (NCRP) 

has  made  recommendations  for  the  design  of  structural  shielding8  and  x-ray  equipment.9

 

4.3.2.       Staff radiation exposure

1.  The  National  Council  on  Radiation  Protection  and  Measurements  has  pub-

lished guidelines for radiation exposure for medical personnel that are defined 

as “as low as reasonably achievable”.10

2.  Fluoroscopy is the major source of occupational radiation exposure.11

3.  The operating physician is at the greatest risk of receiving the maximum occu-

pational dose. 1 Positioning of the x-ray tube under the table minimizes scatter radiation to the operator’s head and neck. 12

4.  Moveable, ceiling-mounted clear lead glass shields can be draped with sterile 

plastic and positioned over the patient, protecting the patient’s lower body and 

the operator from radiation exposure.

5.  Rolling floor mounted x-ray shields should be available to shield anesthesia or 

other personnel.

6.  Lead aprons

(a)  Should  provide  at  least  0.5 mm  lead  equivalent  thickness.  All  full-time 

physicians, technologists, and nurses should wear custom-fitted aprons 

to ensure optimal coverage.

(b)  Extra aprons should be available for anesthesia staff and visitors.

(c)  Pregnant staff members.
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● The NCRP-recommended maximum gestational radiation exposure 

is 5 mS per year.7

●   Options to minimize fetal radiation exposure:

–  Wear  an  apron  with  1.0 mm  lead  equivalent  thickness  (how-

ever, these aprons are hard to find and are very heavy).

–  Wear wrap-around aprons to cover front and back.

● Pregnant  staff  members  should  wear  two  radiation  badges,  with 

one under the apron to monitor fetal dose.

7.  Other  personal  radiation  protection,  including  thyroid  shields,  lead  glasses, 

should be available.

 

4.4.        Physiological monitoring

 

Meticulous  monitoring  of  the  patient’s  condition  during  a  neurointerventional 

procedure is critical.

1.  When  possible,  procedures  should  be  performed  with  the  patient  awake  to 

permit continuous assessment of neurological status.

2.  Monitoring of vital signs and pulse oximetry is routine; continuous arterial line 

and intracranial pressure (ICP) monitoring is done as needed.

3.  Equipment

(a)  Transducers should have a linear response from −10 to 400 mmHg. 1 (b)  Two or more pressure channels and two ECG channels should be available.

(c)  An overhead monitor that projects the clinical data, including color-coded 

tracings, should be positioned next to the angiography monitors.

4.  Arterial  line  monitoring.  Patients  with  subarachnoid  hemorrhage  or  intrac-

ranial  hemorrhage  should  undergo  continuous  arterial  line  monitoring  of 

their vital signs by means of a radial artery line placed before the procedure. 

Alternatively,  monitoring  may  be  done  via  the  arterial  sheath  in  patients 

undergoing elective procedures, such as endovascular treatment of intracranial 

aneurysms.  To  obtain  an  adequate  tracing,  the  sheath  must  be  larger  than 

the guide catheter; monitoring can be done through a 7-French femoral artery 

sheath when a 6 French guide catheter is used.

5.  Intracranial pressure monitoring. Continuous monitoring of ICP should be per-

formed in patients with a ventriculostomy. An ICP tracing on one of the overhead 

angiography monitors provides immediate feedback, should an abrupt change in 

ICP occur during the procedure, such as during an aneurysm rupture.

 

4.5.        Personnel

 

The  neurointerventional  team  is  a  multidisciplinary  group  with  expertise  in 

neurointervention,  radiology  techniques,  and  radiation  safety.  At  the  center  of  this group are the interventionists, technologists, and nurses. The team is supplemented by  anesthesiologists  and  the  anesthesia  monitoring  staff.  It  is  important  that  the individuals in the team are experienced, highly motivated, and flexible. The rapidly evolving  field  of  neurointervention,  combined  with  the  complexity  of  the  disorders and  the  procedures  requires  that  the  team  functions  as  a  cohesive,  adaptable  unit. Moreover,  the  team  should  be  large  enough  to  allow  organization  of  a  call  schedule that will provide continuous 24-h availability.

 

4.5.1.       Neurointerventionists

The  neurointerventionist  is  a  neurosurgeon,  neuroradiologist,  or  neurologist 

who has completed a dedicated fellowship in neurointerventional radiology. Detailed knowledge of the pathophysiology of neurovascular disease must be combined with a comprehensive understanding of neuroanatomy as well as fundamentals of neurocriti-cal care and interventional techniques.
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Technologists  in  the  neurointerventional  suite  have  a  background  in  basic 

radiology  techniques  and  further  expertise  in  computerized  digital  subtraction imaging.  They  are  responsible  for  setting  up  the  equipment  for  procedures, processing  of  the  images,  trouble-shooting  during  procedures,  and  ordering  and stocking  of  devices.  They  also  are  responsible  for  alerting  specialized  service technicians when needed; technologists are not usually responsible for maintain-ing  and  repairing  imaging  equipment.  At  some  centers,  technologists  may  also be responsible for patient positioning and the establishment and maintenance of irrigation lines.

 

4.5.3.       Nursing staff

Neurointerventional  nurses  should  be  registered  nurses  with  a  background 

in  neurointensive  care.  Neurointerventional  nurses  are  responsible  for  patient preparation  before  the  procedure,  the  establishment  of  intravenous  access,  the administration  of  sedation  and  analgesia,  monitoring  the  patient’s  condition,  and maintenance  of  irrigation  lines.  Additional  specific  duties  of  the  nursing  staff include  evaluation  of  the  preprocedure  laboratory  tests,  checking  for  allergies  or drug reactions, verifying and witnessing informed consent for the procedure, place-ment of a Foley catheter, ventriculostomy and lumbar drain management, perform-ance of an Allen test before radial artery procedures, monitoring peripheral pulses, and management of the arterial access site at the completion of the procedure. At some centers, a second nurse acts as the first assistant to the neurointerventionist during procedures.

 

4.6.        Pharmacologic considerations

 

Certain  medications  should  be  available  for  prompt  access  (Table  4.1).  During 

procedures in which intravenous heparin is administered, protamine should be drawn up in a sterile syringe and placed on the back table in preparation for rapid admin-istration in the event of a hemorrhage during the procedure. Medications used on a routine basis are listed in Table 4.2.

 

Table 4.1 Medications that should be easily available for prompt 

access or emergent use

Medication                               Use

Atropine Treatment of bradycardia or asystole during 

carotid angioplasty and stenting

Epinephrine                                    Vasopressor

Fentanyl                                         Analgesia

Glycoprotein (GP) IIb-IIIa inhibitor  Rescue treatment when platelet-rich throm-

(e.g., eptifibitide or abciximab)                     bosis occurs

Heparin                                       Anticoagulation

Labetalol hydrochoride                          Blood pressure control

Lidocaine                                      Local anesthesia

Midazolam                                 Sedation

Nitroglycerin Treatment of catheter-induced vasospasm

Protamine Reversal of systemic heparin anticoagulation

tPA or other thrombolytic                        Acute stroke treatment
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Table 4.2 Routine medications

Medication                               Use

Acetylcysteine Treatment of patients with renal insufficiency

Aspirin (oral and suppository preparations)       Antiplatelet therapy

Benadryl                                      Treatment of allergic reactions

Clopidogrel                                      Antiplatelet therapy

Dobutamine                                Blood pressure and heart rate support

Dopamine                                Blood pressure and heart rate support

Flumazenil                                      Reversal of benzodiazepines

Furosemide Management of elevated intracranial pressure

Glucagon                                   Control of gastric motility during spinal 

angiography; may be useful for treatment of 

anaphylaxis in patients on beta blockers

Lidocaine (preservative-free, for provocative  Provocative testing of the retina or peripheral 

testing)                                              nervous system before embolization

Mannitol Management of elevated intracranial pressure

Naloxone                                    Reversal of narcotics

Norepinephrine                                Vasopressor

Ondansetron                                Antiemetic

Phenylephrine                                 Blood pressure and heart rate support

Propofol                                      Sedation and analgesia

Sodium amobarbital (Amytal) Provocative testing before embolization of the 

central nervous system or for Wada testing

Sodium methohexital (Brevital) Provocative testing before embolization of the 

central nervous system

Sodium nitroprusside                          Blood pressure control

Vasopressin                                  Vasopressor

 

4.7.        Future developments

 

An array of technological advances are currently in progress that offer promise 

in the continued evolution of the neurointerventional suite. Flat panel angiographic imaging, currently available, can lower the x-ray dose and provide better image qual-ity and resolution. Angiographic computed tomography enables angiographic imaging equipment to generate images of soft tissue, such as the brain, that are similar to com-puterized tomography images. Magnetically guided angiography, currently available at some centers, uses extracranial magnets to help catheter and wire navigation.13, 14 This technology offers the potential to permit more precise intravascular navigation while shortening fluoroscopy and procedure times. MRI-guided angiography, with the potential advantages of detailed tissue imaging as well as the elimination of radiation exposure, is another innovation under development.15–17
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Endovascular strategies for the treatment of intracranial aneurysms include emboli-zation (e.g., coiling or Onyx infusion) and parent vessel sacrifice.

 

5.1.        Intracranial aneurysm embolization

 

5.1.1.       Indications and contraindications

Indications  for  the  endovascular  treatment  of  intracranial  aneurysms  are  dis-

cussed in depth in Chap. 13. General indications:

1.  Aneurysmal subarachnoid hemorrhage.

2.  Unruptured intracranial aneurysms

(a)  Size ≥2 mm

(b)  Poor surgical candidates

●  Elderly patients ●  Patients with significant medical problems ●  Patients requiring chronic systemic anticoagulation (i.e., patients with 

atrial fibrillation)

(c)  Posterior circulation aneurysms

(d)  Cavernous segment ICA aneurysms

Relative contraindications:

1.  Vascular anatomy that is prohibitive (e.g., some giant, wide-necked aneurysms, 

exaggerated vessel tortuosity).

2.  Significant atherosclerotic disease or other abnormalities affecting the parent 

vessel (e.g., significant atherosclerotic stenosis of the carotid bifurcation).

3.  Coagulation disorders or heparin hypersensitivity.

4.  Active bacterial infection (i.e., bacteremia at time of endovascular treatment).

 

5.1.2.       Patient preparation

5.1.2.1.      Evaluation

1.  History and physical.

2.  Neurological exam.

3.  Blood test (CBC, Cr, PT, PTT)

4.  Imaging

(a)  Head CT and

(b)  CTA, MRA, or catheter angiogram

(c)  The authors’ preference is to obtain a CTA in nearly every case, even if a 

catheter angiogram has already been done. A CTA can provide informa-

tion  that  is  complimentary  to  an  angiogram,  such  as  precise  measure-

ments,  three  dimensional  views,  imaging  of  intraluminal  thrombus, 

and  skull  base  imaging  that  can  be  useful,  should  the  patient  undergo 

craniotomy.

(d)  Imaging considerations

●      Aneurysm location, size, shape, and neck size. ●      Parent vessel anatomy. ●      Presence or absence of intraluminal thrombus ●   Access  vessel  anatomy  (e.g.,  dominant  vs.  hypoplastic  vertebral 

artery or ACA, degree of tortuosity).

●   Presence  or  absence  of  atherosclerosis  or  fibromuscular  dysplasia 

in the access vessel.
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Prior to the case, preferably the previous day, the patient should be assessed 

and  all  the  available  imaging  reviewed  in  preparation  for  the  case.  Decisions about  overall  strategy  should  be  made  ahead  of  time,  to  permit  accurate  device selection  and  smooth  and  efficient  performance  during  the  case.  Plans  should include:

1.  Choice of access vessel

2.  Coiling  technique  (i.e.,  primary  coiling  vs.  stent-assisted  or  balloon-assisted 

coiling)

3.  Device types and sizes

 

5.1.2.3.     Pre-procedure preparation

1.  Place 2 peripheral IVs.

2.  Place Foley catheter.

3.  NPO after midnight or 6 h prior to the procedure except for medications

4.  Make sure that all devices that may be needed are available in the angio suite 

prior to the procedure.

5.  If stent-assisted coiling is planned, antiplatelet therapy is necessary:

(a)  Aspirin 325 mg PO QD for ≥3 days prior to the procedure and (b)  Clopidogrel (Plavix®) 75 mg PO QD for ≥3 days prior to the procedure (or 

300 mg PO > 5 h prior to the procedure).

6.  Patients with subarachnoid hemorrhage:

(a)  Arterial line and central venous access are established prior to the procedure

(b)  If a ventriculostomy is present, the catheter must be attached to a monitor, 

to permit continuous ICP monitoring during the case.

●   The  ICP  is  an  “early  warning  system”  for  aneurysm  rupture  or  re-

rupture during embolization.

●   The ventriculostomy should be “on monitor” (and not “to drain”), if 

possible, during the entire procedure, to permit continuous moni-

toring. Open the drain only intermittently, if CSF drainage during 

the procedure is necessary.

 

5.1.3.       Endovascular technique

The technique of endovascular aneurysm treatment varies from case to case. The 

following is a general outline of the procedure used by the authors for most patients. The  case  is  divided  into  a  vascular access  phase,  and  an intervention  phase.  Access consists of placing a guide catheter in the internal carotid artery or vertebral artery. The  intervention  phase  involves  placement  of  a  microcatheter  in  the  aneurysm  and deployment  of  the  coils,  as  well  as  adjunctive  techniques  such  as  stent-assisted  or balloon-assisted coiling.

 

5.1.3.1.     Awake or asleep?

Some  operators  prefer  to  use  general  anesthesia  for  aneurysm  cases,  whereas 

others  prefer  to  do  them  with  the  patient  awake.  Each  approach  has  advantages. Coiling  with  the  patient  awake,  permits  continuous  neurological  monitoring,  elimi-nates  the  risks  of  general  anesthesia,  can  shorten  the  length  of  the  case,  and  has been shown to be safe and feasible. 1 Coiling with the patient awake is less practical in patients with reduced mental status and in those with small aneurysms (in which a small amount of patient motion can lead to aneurysm perforation). General anesthe-sia can eliminate patient mobility, allow the operator to focus on the procedure rather than on coaching and assessing the patient, be more palatable for anxious patients, and permit tight blood pressure control. The authors prefer to use general anesthe-sia,  except  for  cases  in  which  medical  issues  place  the  patient  at  elevated  risk  with anesthesia (e.g., severe heart disease).
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1.  Patient is placed on the angiography table, awake.

2.  An abbreviated neurological exam is rehearsed with the patient prior to drap-

ing  (e.g.,  patient  is  asked  to  say  “Methodist  Episcopal,”  show  their  teeth  and 

gums, wiggle their toes, and squeeze a rubber duck with the hand contralateral 

to the side being treated).

3.  Throughout  the  case,  the  patient  is  reminded  to  stay  completely  still.  The 

patient’s  head  can  be  lightly  taped  to  the  head  holder  with  a  piece  of  plastic 

tape across the forehead, to remind him or her to stay still.

4.  Sedation  and  analgesia  are  kept  to  a  minimum  to  facilitate  the  patient’s  full 

cooperation.

5.1.3.3.      Asleep

1.  Patient is placed under general anesthesia on the angiography table.

2.  Strict attention to blood pressure control during anesthesia induction is neces-

sary to minimize the risk of aneurysm rupture.

(a)  A  radial  arterial  line  is  not  necessary  for  blood  pressure  monitoring  prior  to 

induction in patients with unruptured aneurysms.

●   If arterial monitoring is felt to be necessary prior to induction, place a 

7 French femoral sheath while the patient is still awake. Placement of a 

femoral artery sheath is less uncomfortable than a radial artery line. A 

7 French sheath is large enough to permit passage of a 6 French guide 

catheter, and still allow arterial line monitoring.

3.  The anesthesiologist is asked to report any abrupt changes in blood pressure or 

heart rate during the case, which can indicate intracranial hemorrhage.

5.1.3.4.      Vascular access phase

1.  Dorsalis pedis and posterior tibialis pulses are assessed and marked.

2.  The right or left groin is prepped, draped, and infiltrated with local anesthesia.

3.  A 6 French sheath is placed in the femoral artery.

(a)  A  7  (or  rarely,  8  French)  sheath  should  be  used,  if  arterial  monitoring 

through  the  sheath  is  planned,  and  if  adjunctive  techniques,  such  as 

balloon-assisted coiling, are anticipated.

4.  An  angiogram  is  done  using  a  diagnostic  catheter.  Angiograms  of  the  access 

vessel (carotid or vertebral artery) and PA and lateral views of the intracranial 

circulation are done prior to the intervention.

(a)  Imaging of the carotid or vertebral artery is necessary for guide catheter 

selection, and to check for the presence of atherosclerosis and fibromus-

cular dysplasia.

(b)  Intracranial images at the beginning of the case are necessary for com-

parison later, to assess for thromboembolic complications.

5.  Systemic  anticoagulation.  Thromboembolic  complications  can  occur  during 

coiling, particularly when there is a slowing of flow in the parent vessel caused 

by the guide catheter. Prevention and management of these complications are 

reviewed.2,  3  The  importance  of  routine  prophylactic  systemic  anticoagulation 

during  aneurysm  coiling,  however,  is  unclear.  Systemic  anticoagulation  with 

IV  heparin  appears  to  carry  relatively  low  risk  in  patients  with  unruptured 

aneurysms, and judicious use of heparin in patients with ruptured aneurysms 

also appears to be relatively low-risk, particularly, as the drug can be rapidly 

reversed with IV or IA protamine.

(a)  Unruptured aneurysms

●                                                                                             −1 A  loading  dose  of  IV  heparin  is  given  (70 U  kg)  and  5 min  later, 

a  5 mL  specimen  of  blood  for  an  activated  clotting  time  (ACT)  is 

drawn from the sheath. The guide catheter is placed in the ICA or 

vertebral artery only after the heparinization is therapeutic (usu-

ally  5 min  or  more  after  the  IV  loading  dose  is  given,  or  after  the 

ACT has been found to be in the target range). The ACT should be 

kept between 250 and 300 s for the entire duration of the procedure. 

Additional  doses  of  heparin  are  necessary  only  during  cases  that 

last longer than several hours.

(b)  Ruptured aneurysms
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●      Controversial

●   The  authors  prefer  to  withhold  heparin  until  enough  coils  have 

been placed in the aneurysm to occlude the dome, which is where 

most aneurysms are thought to have ruptured. Then, a full or par-

tial loading dose of IV heparin is given (50–70 U kg−1).

(c)  Protamine on stand-by – Critical

●   A  syringe  containing  protamine,  enough  to  reverse  the  total 

amount of heparin the patient has received, should be kept on the 

back table for easy access to the operator should hemorrhage occur 

during the case.

–  Dose  of  protamine  required  to  reverse  heparin:  10 mg  pro-

tamine/1,000 U heparin.

–  The authors routinely keep a sterile syringe containing ≥50 mg 

of  protamine  on  the  back  table.  The  drug  is  infused  into  the 

guide catheter or sheath when intracranial hemorrhage occurs.

(d)  Other antithrombotic agents

●   Antiplatelet  agents.  Some  operators  advocate  routine  pretreat-

ment  with  aspirin  and  clopidogrel  for  patients  with  unruptured 

aneurysms. Others use these agents for retreatment of previously 

coiled  aneurysms  (to  dissolve  platelet-rich  thrombus  that  may  be 

within  the  aneurysm  and  vulnerable  to  dislodgement  during  the 

re-coiling  procedure).  The  presence  of  antiplatelet  agents  during 

routine  aneurysm  coiling,  however,  can  worsen  potential  hemor-

rhagic  complications.  The  authors  do  not  recommend  routine  use 

of antiplatelet medications, except in cases where the use of stent-

assisted coiling is anticipated.

●   Bivalirudin  (AngiomaxTM,  The  Medicines  Company,  Cambridge, 

MA) is a synthetic direct thrombin inhibitor that is popular in inter-

ventional cardiology and has been used in neurointervention in select 

cases. 5 However, there is no rapid reversal agent for bivalirudin, and its use in patients with intracranial aneurysms is not recommended.

6.  Guide catheter selection.

(a)  The authors prefer to use the Neuron™ guide catheter in nearly all cases; 

this device is new on the market as of this writing, but represents a sig-

nificant advance in guide catheter design. See below for technique. Two 

older guide catheters, the Guider™           ® and the Envoy, are still appropriate in some situations.

●                    ™ Neuron Intracranial Access System (Penumbra, Inc., San Leandro, CA).

–  Advantages:  Extremely  soft  and  flexible;  able  to  be  positioned 

within the distal intracranial ICA or vertebral artery.

–  Disadvantages: Less stable than other catheters, very slippery. Can 

be pushed out of the access vessel, if the catheter is not in a distal-

enough position. Only the distal tip is radio-opaque; the radiolucent 

shaft can be difficult to see on fluoroscopy.

●                               ™ Guider Softip XF guide catheter (Boston Scientific, Natick, MA)

–  Advantages: Soft, atraumatic tip. Minimizes risk of vasospasm and 

dissection in narrow, tortuous vessels.

–  Disadvantages: Relatively flimsy, prone to fall into the arch when 

the vasculature is tortuous.

●                  ® Envoy (Cordis Neurovascular, Miami Lakes, FL)

–  Advantages: Relatively rigid, provides a good platform in tortuous 

vessels, large internal lumen.

–  Disadvantages: Stiff, sharp-edged tip.

(b)  Guide catheter size

●      6 French for most cases ●   Large-lumen 6 or 7 French, if balloon-assisted coiling is anticipated

●   5  French,  if  the  vessel  caliber  is  small  and  collateral  circulation  is 

limited

–  e.g.,  for  use  in  a  small  vertebral  artery,  when  the  contralateral 

vessel is hypoplastic

–  Disadvantage:  More  difficult  to  obtain  angiograms  with  the 

microcatheter in place, because of limited space within the guide 

catheter. Use of a smaller microcatheter can improve this.

(c)  Straight or angled?

●   Straight  guide  catheter  is  useful  in  relatively  straight  vessels,  or 

in  situations  where  the  guide  catheter  will  be  gently  navigated 

through a convoluted vessel

 

146                  5.1.  Intracranial aneurysm embolization                                               INTRACRANIAL ANEURYSM TREATMENT

–  Usually requires exchanging (see below).

–  Preferred for the vertebral artery.

●   Angled guide catheter is useful, when the final position of the catheter 

tip is in a vessel curve

–  Angled  catheters  are  easier  to  navigate  through  the  aortic  arch 

than straight catheters

(d)  Alternative guide catheters

●                                                           ® 6 French 90 cm Cook Shuttle (Cook Inc., Bloomington, IN)

–  Very large, stable platform

–  See Chap. 8 for technique

●      6 French Northstar Lumax Flex Catheter (Cook Inc., Bloomington, IN) ®       ®

–  Device  contour  consists  of  a  smooth,  tapered  transition 

between  the  guidewire,  the  inner  dilator,  and  the  catheter 

which minimizes trauma to the vessel walls.

–  Disadvantages:

(a)  Very stiff

(b)  Extremely lubricious (may cause the catheter to slide 

out of vessels)

7.  Guide catheter placement technique

(a)  Direct navigation method

●   Useful  in  young  patients  with  non-tortuous,  non-atherosclerotic 

vessels.

●   An  angled  Guide  catheter  is  gently  navigated  into  the  carotid  or 

vertebral artery over a 0.035 inch or 0.038 inch hydrophilic wire.

(b)  Exchange method

●   Useful  in  patients  with  tortuous  anatomy,  atherosclerosis,  or 

fibromuscular dysplasia. This technique can minimize the risk of 

injury to the carotid or vertebral artery, particularly at the vessel 

origin.

●   A 5 French diagnostic catheter is guided into the CCA or vertebral 

artery over an exchange-length (300 cm) wire.

●   The tip of the wire is advanced into a distal branch of the ECA or 

into  the  distal  extracranial  vertebral  artery  (usually  the  first  90° 

turn of the vessel at C2), using roadmapping technique.

●   The diagnostic catheter is then gently removed while the tip of the 

hydrophilic wire is continuously visualized on fluoroscopy.

●   The  hydrophilic  wire  is  wiped  down  with  a  dripping-wet  Telfa 

sponge.

●   The  guide  catheter  is  advanced  over  the  wire,  while  continuously 

visualizing the tip of the wire.

(c)  Neuron™ Intracranial Access System technique

●      Device selection

–  As of this writing, the two Neuron guide catheters available are  

the 6 French 053 lumen, which is 5 French at the tip and the 6 

French 070 lumen, which is 6 French from proximal to distal.

–  Two  lengths  are  available:  105 cm  (for  most  patients)  and 

115 cm (for patients > 6 feet in height).

–  Two distal tip lengths are available: 6 cm (for most cases) and 

12 cm (for cases in which a very tortuous ICA or vertebral must 

be traversed (e.g., a cervical ICA with a 360° loop).

●      Placement technique

–  The exchange method is easiest with Neuron guide catheters. 

They  are  soft  and  not  shaped  at  the  tip  and  are  difficult  to 

navigate directly.

–  The  guide  catheter  can  usually  be  placed  in  the  petrous  seg-

ment  or  distal  cervical  vertebral  artery,  using  a  hydrophilic 

wire.  Once  the  microcatheter  is  advanced  beyond  the  guide 

catheter, the guide can frequently be advanced over the micro-

catheter for an additional several centimeters.

●      Tips

–  Guide  catheter  angiograms  can  be  of  marginal  quality  when  a 

microcatheter  is  inside  the  guide  catheter,  because  of  the  rela-

tively narrow lumen. Injection of 100% contrast in a 3 mL syringe, 

rather than a 10 mL syringe, will produce better angiograms.

–  Neuron guide catheters are more stable, the further distally they 

are placed (e.g., an unstable guide catheter can be stabilized by 
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advancing  it  over  a  hydrophilic  wire  or  a  microcatheter  by 

several centimeters).

(d)  Guider and Envoy Guide catheter position

●   Carotid system. Using roadmapping, the guide catheter is advanced 

over a hydrophilic wire into the ICA as distally as possible. A “high 

position” of the guide catheter will maximize stability of the guide, 

and  improves  control  over  the  microcatheter  and  microwire.  In  a 

non-tortuous, healthy carotid system, the authors prefer to position 

the tip of the guide catheter in the vertical segment of the petrous 

ICA.  In  a  cervical  ICA  with  a  significant  curve  in  the  vessel,  the 

guide  can  be  adequately  positioned  immediately  proximal  to  the 

curve.  Moderate  curves  in  the  vessel  can  be  straightened  out  by 

guiding  a  relatively  stiff  hydrophilic  wire  (e.g.,  a  0.038  inch  wire) 

through the affected segment, followed by the catheter.

●   Vertebral  artery.  Using  roadmapping,  the  guide  catheter  is  posi-

tioned  in  the  distal  extracranial  vertebral  artery,  usually  at  the 

first curve (at C2).

●   Once the catheter is in position, a gentle injection of contrast through 

the guide catheter under fluoroscopy is done to examine the configu-

ration  of  the  vessel  around  the  tip  and  to  check  for  the  presence  of 

vasospasm or vessel dissection around the tip. If catheter tip-induced 

vasospasm  is  present  and  flow-limiting,  withdrawal  of  the  catheter 

tip by several millimeters is often sufficient to restore flow.

●   The catheter tip may slide up and down and rub against the vessel 

wall with each heart beat; be sure to take this into account when 

positioning the catheter.

8.  Guide catheter irrigation

(a)  Continuous  irrigation  of  the  guide  with  heparinized  saline  (5,000 U 

heparin per 500 mL saline) is important.

(b)  Meticulous attention to the guide catheter RHV throughout the case, is 

necessary to identify thrombus or bubbles, should they appear.

9. Tips to minimize guide catheter-induced vasospasm

(a)  Withdraw the catheter into a lower segment of the vessel, when signifi-

cant catheter-induced vasospasm appears.

(b)  Keep  the  catheter  tip  away  from  kinks  and  bends  in  the  vessel,  if  pos-

sible.

●   A  curvaceous  carotid  or  proximal  vertebral  artery  can  sometimes 

be straightened by tilting the patient’s head towards the opposite 

shoulder (Fig. 5.1).

(c)  Use a smaller guide catheter.

(d)  Use a soft-tipped guide catheter (e.g., Guider Softip™ XF guide catheter 

(Boston Scientific, Natick, MA) ).

(e)  Use  Visipaque™  (GE  Healthcare,  Princeton,  NJ)  contrast  instead  of 

Omnipaque; according to the manufacturer, this contrast material is less 

spasmogenic than Omnipaque®.

(f)  Use a guide catheter with an inner obturator (e.g., Northstar® ®  Lumax

Flex Catheter (Cook Inc., Bloomington, IN) )

(g)  Nitroglycerin paste on the patient’s neck ipsilateral to the access vessel

●      Dose: 1–5 inches

●   Efficacy is unclear, however nitroglycerin paste has been reported 

to improve cerebral vasospasm after subarachnoid hemorrhage.6

●   Drawback:  Can  cause  hypotension  and  a  headache  in  awake 

patients.  In  patients  under  general  anesthesia,  the  dose  (i.e.,  the 

number of inches) of paste is adjusted to maintain the blood pres-

sure within normal limits.

(h)  Selective injection of IA nitroglycerin (30 mcg per injection).

●   This  can  help  distinguish  vasospasm  from  vessel  dissection,  if  a 

dissection is suspected

5.1.3.5.      Aneurysm coiling phase

Preparations  are  made  for  coiling  once  the  guide  catheter  is  in  position.  A 

good  “working  view”  must  be  obtained;  several  angiograms  with  injection  of  con-trast  through  the  guide  catheter  are  usually  necessary  to  find  the  optimal  images. Alternatively, a 3-D angiogram can be done and the image of the aneurysm be rotated on  the  workstation  monitor  to  obtain  the  ideal  working  view,  and  corresponding 
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Fig. 5.1 Head tilt technique. Left carotid system in a neutral position (left) and with the 

 

head tilted toward the opposite shoulder (right).

 

 position of the x-ray tube. Ideally, the working view should be under high magnifica-tion and should demonstrate the aneurysm, parent vessels, and guide catheter clearly. It  is  important  to  keep  the  guide  catheter  in  view  on  at  least  one  projection  (PA  or lateral) during the whole case, to permit correction of the guide catheter should the catheter be pushed down (which is not uncommon) or become unstable during passage of  the  microcatheter.  The  working  view  should  also  permit  the  aneurysm  dome  and neck to be distinguished from the parent vessel (Fig. 5.2).

 

5.2.        Device selection

 

1.  Microcatheters

(a)  Microcatheters vary in size and design. All available microcatheters have a 

hydrophilic coating, which reduces thrombogenicity.7 Most microcatheters are either fiber-braided or metal coil-braided, which serves to preserve the 

inner lumen when the catheter is curved, and enhances pushability.

(b)  The  smallest  catheter  that  will  accommodate  the  coil  size  anticipated, 

should be used in most cases for the following reasons:

●   Small  microcatheters  are  more  likely  to  be  soft  and  flexible  near 

the tip, which will allow “paint-brushing,” permitting a more uni-

form distribution of the coils within the aneurysm.

●   Smaller microcatheters permit better guide catheter angiograms, par-

ticularly when smaller guide catheters (e.g., 5 French) are employed.

●   The closer the match between the inner diameter of the microcath-

eter and the diameter of the coil, the less likely that buckling of the 

coil within the microcatheter will occur (e.g., a 10-system coil will 

work best in a 10-system microcatheter).
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Fig. 5.2 Working view for coiling. The guide catheter (arrow) is in view, as are the aneu-

 

rysm, aneurysm neck, and parent vessel.

(c)  Some situations call for larger and/or stiffer microcatheters.

●   Large  aneurysms,  or  aneurysms  in  which  the  use  of  18-system 

coils, are planned.

●   When the catheter access to the aneurysm is tenuous because of vascu-

lar anatomy, and increased microcatheter stiffness will add stability.

(d)  Obviously,  two-tipped  microcatheters,  rather  than  single-tipped  cath-

eters, are necessary for aneurysm coiling. The two tips in microcatheters 

used  in  aneurysm  coiling  are  always  3 cm  apart  –  this  feature  can  be 

used for calibration and measurements.

(e)  The authors’ preferred microcatheters for most cases:

●                       ® Excelsior SL-10 (Boston Scientific, Natick, MA)

–  Accommodates both 0.010 inch and 0.014 inch microwires.

–  Can be used for 10-system and 14-system coils.

–  Has  been  shown  to  retain  its  shape  better  (after  steam-

shaping) than other microcatheters of the same size. 8

●                    ™ Echelon 10 (Microtherapeutics Inc., Irvine, CA).

–  The relatively small proximal outer diameter of 2.1 French (ver-

sus 2.4 French for the Excelsior ® SL-10), permits better guide catheter angiograms when a 5 French guide catheter is used.

–  Able to accommodate 18-system coils (although it’s a tight fit).

–  Very stable for a 10-size system.

●                       ®          ® Excelsior 1018 (Boston Scientific, Natick, MA)

–  Accommodates both 10-system and 18-system coils

(f)  Microcatheter shape: Pre-shaped vs. straight vs. steam-shaped

●   A  shaped  microcatheter  can  be  advantageous  in  accessing  aneu-

rysms that arise from the parent vessel at an acute angle, and in 

stabilizing the microcatheter during coiling.

●   The  authors  prefer  pre-shaped  microcatheters,  which  retain  their 

shape  better  than  steam-shaped  microcatheters.9  Steam-shaping is  reserved  for  obtaining  catheter  shapes  that  are  not  available  in 

pre-shaped devices.

●      Steam shaping technique:

–  Shape the wire mandrel into the desired shape, with an exag-

gerated degree of curvature (as the microcatheter will recoil 

to some degree after steam-shaping).

–  Hold over steam for 10 s.

–  Cool in sterile water and remove mandrel.
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–  Non-braided (e.g., Tracker and FasTracker) and fiber-braided 

(e.g.,  Excelsior®)  microcatheters  are  more  likely  to  retain their shape after steam shaping, than metal coil-braided (e.g., 

Prowler and Echelon™            9 ) microcatheters.

(g)  The so-called Pivot™ (Boston Scientific, Natick, MA) is a radically differ-

ent microcatheter, although its availability is limited at the time of this 

writing. This device contains a metal hypotube, which allows for one-to-

one torque control.

●      Steerable microcatheter catheterization tips

–  Steam-shape  a  curve  appropriate  for  the  particular  applica-

tion. You can only steam-shape the most distal 1.5 cm. of the 

microcatheter. Use the shaping mandrel that comes with the 

catheter. Insert the mandrel in the catheter tip and bend the 

catheter  in  an  angle  greater  than  the  degree  of  angle  you 

want.  Steam  the  catheter  tip  for  10 s.  When  you  remove  the 

mandrel, the curve will straighten somewhat.


–  The  catheter  comes  in  pre-shaped  tips.  If  available  in  the 

shape needed, these may be better, as they keep their shape 

better than steam-shaped curves.

–  Preload  an  appropriate  guidewire  into  the  microcatheter, 

such  as  a  0.014”  Transend™  or  Synchro™  wire  (Boston 

Scientific, Natick, MA)

–  Use  the  available  peel-away  introducer  to  allow  easy  intro-

duction of the microcatheter through the rotating hemostatic 

valve of the guiding catheter.

–  Use a fairly robust guiding catheter that is placed as high as 

safely possible in the cervical carotid or vertebral artery.

–  Keep  the  tip  of  the  guiding  catheter  in  your  roadmap  field 

of  view,  and  remember  that  the  Pivot™  will  try  to  push  the 

guiding catheter back, as you advance.

–  Carefully  advance  the  microcatheter  under  roadmap  guid-

ance  over  the  guidewire.  When  encountering  a  sharp  turn 

in the vessel, you can rotate the catheter as you advance, to 

make the turn.

–  When rotating the microcatheter, it is most efficient to hold 

the  flange  at  the  microcatheter  hub.  Ensure  that  any  slack 

in the microcatheter or guiding catheter is removed and that 

the  rotating  hemostatic  valve  on  the  guiding  catheter  is  not 

too tight, as any of these factors can limit the transmission of 

torque to the tip of the microcatheter.

–  If the microcatheter tip is not moving forward as you advance 

at the groin, rotate it slightly, and it may move forward again.

–  Beware  that  the  microcatheter  can  jump  forward  abruptly 

as  it  is  being  rotated,  especially  if  you  have  been  pushing 

forward with little response at the tip. All that pushing has 

stored  energy  into  the  system  and  it  releases  quickly  when 

the catheter is rotated.

–  If the microcatheter will not advance and the guiding catheter 

pushes  back,  pull  back  on  the  microcatheter  to  release  ten-

sion,  and  try  again,  using  various  combinations  of  forward 

pushing  and  rotating  of  the  microcatheter,  as  well  as  gentle 

rotation of the guidewire.

–  The stiffness of the microcatheter can straighten small, sharply 

curved vessels, so you may want to consider a different catheter 

system for very distal catheterization of small vessels.

–  When  nearing  the  aneurysm,  slow  down,  remove  the  slack 

in  the  microcatheter  and  wire,  and  make  smaller  forward 

pushing  and  rotating  movements,  to  avoid  jumping  into  (or 

through) the aneurysm.

–  Plan on positioning the microcatheter tip in the proximal half of 

the aneurysm away from the dome. This will avoid puncturing 

the  dome  with  the  catheter.  These  catheters  are  a  great  deal 

more  stable  than  most,  so  you  don’t  need  as  deep  a  catheter 

placement to maintain position in the aneurysm during coiling.

–  In  the  case  of  stent-assisted  coiling,  the  curve  of  the  micro-

catheter  can  be  used  to  direct  a  soft-tip  wire  through  the 

desired  area  of  the  stent  and  into  the  aneurysm.  The 
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 microcatheter  is  then  gently  pushed  and  rotated  back-and-

forth, to wriggle it across the stent and into the aneurysm.

–  As coils are advanced into the aneurysm, the tip of the Pivot™ 

may still move side-to-side (“paint-brush”) like other microcath-

eters, but has a lesser tendency to kick out of the aneurysm.

–  If  it  appears  that  the  loops  of  the  coil  are  not  uniformly 

distributing  throughout  all  parts  of  the  aneurysm,  you  can 

gently rotate the microcatheter to point in a different direction 

and more precisely deposit loops of coil in a desired distribution.

–  If  the  microcatheter  does  become  displaced  from  the  desired 

location in the aneurysm, you may be able to rotate it back into 

position,  even  without  a  guidewire.  Use  gentle  forward  and 

rotating movements, and always keep an eye on what is hap-

pening to the catheter, more proximally in the neck. Especially, 

if it is pushed or rotated without a guidewire, the Pivot™ can loop on itself in the neck. The authors are convinced that some-

one will eventually tie one in a bow, if not too careful.

–  When  nearing  the  end  of  coiling  an  aneurysm,  the  micro-

catheter can be turned to pack areas still patent with small 

ultrasoft coils.

–  After reaching the desired packing density in the aneurysm, 

you  need  to  remove  the  microcatheter.  As  with  any  tightly 

curved microcatheter, it is desirable to pull the catheter out 

of the aneurysm over a guidewire, to avoid dragging a loop of 

coil with the angled tip out into the parent artery.

2.  Microwires

(a)  A variety of microwires are available, with differing properties such as 

size,  softness,  visibility  on  fluoroscopy,  shapeability,  and  steerability, 

trackability, and torque control.

(b)  The authors’ preferred microwires for most cases:

●       Transend EX 0.014 inch Platinum (Boston Scientific, Inc., Natick, MA) ™

–  Superior torque control, compared to other microwires.

–  Heightened  radiopacicity  makes  the  tip  easy  to  see  on 

 fluoroscopy.

●      Headliner J-tip 0.012 inch (Terumo Medical Corporation, Somerset, NJ) ™

–  J-tip is atraumatic to the vessel walls.

–  Best suited for uncomplicated vessel anatomy (tends to follow 

the straightest vessel).

●      Synchro-14 0.014 inch (Boston Scientific, Inc., Natick, MA) ®

–  Very  soft,  flexible  distal  tip,  good  for  navigation  into  small 

aneurysms or through difficult anatomy.

–  “Supreme torque control.”

3.  Coils

(a)  A dizzying array of coils are on the market, varying in size, shape, design, 

stiffness,  presence  or  absence  of  “bioactive”  material,  and  detachment 

systems.  Firm,  scientific  data  to  support  one  coil  over  another  is  nearly 

nonexistent (although the device companies would prefer to have us believe 

otherwise).  Very  good  results  have  been  obtained  with  all  the  coils.  The 

single most important principle of coil selection, is for the operator to use 

whichever coil system he or she is most experienced and comfortable with.

(b) Fundamentals of detachable coil design

A coil consists of a fine platinum thread tightly looped around a thicker 

platinum  wire.  The  coil  is  connected  to  a  “pusher  wire;”  the  attachment 

site is the location of detachment mechanism, which may be electrolytic, 

thermal, or hydraulic in design. The coil and pusher wire come from the 

manufacturer in a slim plastic delivery sheath; the sheath is placed within 

the hub of the RHV, and the coil and pusher wire are threaded together 

into the microcatheter. The operator controls the pusher wire and the coil 

together prior to detachment, which allows sequential advancement and 

withdrawal  of  the  coil,  as  necessary,  to  deploy  the  coil  within  the  aneu-

rysm in the desired configuration. The coil is designed to assume one of a 

number of shapes as it is pushed out of the microcatheter (Fig. 5.3).

(c) Framing vs. filling vs. finishing coils

Framing coils. These three-dimensional coils are designed to “frame” the 

aneurysm;  that  is,  these  coils  are  meant  to  “ovalize”  or  “sphericize”  the 

aneurysm  with  gentle  outward  radial  force  to  permit  packing  with  two-

 dimensional coils. Ideally, some parts, or strands, of the three-dimensional 
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Fig. 5.3 Basic coil shapes. Three-dimensional framing coil (left), standard helical filling 

 

coil (middle), and two-diameter soft “finishing coil” (right). Insert demonstrates inner fila-

ment of coil surrounded by tightly wound fine platinum wire.

[image: ]

coil  will  also  extend  across  the 

neck  of  the  aneurysm,  helping 

to narrow the effective neck area 

and facilitate further coil deposi-

tion.  The  standard  design  con-

sists  of  a  large  omega    followed 

by a small omega, followed by a 

large omega, and so forth.

–  Examples: Micrus Spherical 

coils; GDC 3D and 360

●      Filling coils. Intended to occupy 

space within the aneurysm after 

framing, these coils usually have 

a helical shape and are of inter-

mediate stiffness.

–  Examples:  Micrus  Helipaq 

coils; GDC

●      Finishing  coils.  The  softest  coils 

are designed for final packing of 

the aneurysm and “finishing off” 

of the neck.

–  Examples: Micrus Deltapaq 

coils; GDC Ultrasoft Stretch 

Resistant    (USSR,    also known as “Russian”) coils.

(d)  10-system vs. 18-system.

●       The  nomenclature  indicating 

the  two  size  categories  of  coils 

originated  with  the  first  micro-

catheters used for GDC coils, the 

Tracker-10  and  the  Tracker  18 

(Boston  Scientific,  Inc.,  Natick, 

MA),  designed  specifically  to 

accommodate  GDC-10  coils  and 

GDC-18  coils,  respectively.  The 

Fig. 5.4 Rebar. The astute operator 

actual  diameter  of  GDC-10  coils 

will be reminded of rebar, which are 

is  0.008  inch  and  for  GDC-18 

reinforcing steel bars inside poured 

coils is 1.016 inch. 10-system coils 

concrete, when using 18-system coils.

are adequate for most aneurysms. 

18-system  coils  are  typically 

thicker and stiffer than 10-system coils, evocative of rebar (Fig. 5.4), and are appropriate for framing larger, unruptured aneurysms. An exception is the 

Orbit-18 system coil (Cordis, Miami Lakes, FL), which has softness that is 

comparable to GDC-10 coils.
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(e)  Platinum vs. “bioactive” coils.

●   Continuing  observations  of  aneurysm  recanalization  after  treat-

ment with bare platinum coils, lead to the introduction of coils con-

taining materials meant to enhance fibrosis within the aneurysm 

and decrease the chance of recanalization. Several “bioactive” coil 

systems  are  on  the  market  presently;  some  contain  polyglycolic-

polylactic acid (PGLA), a biopolymer similar to absorbable suture 

material. The polymer degrades by hydrolysis to glycolic acid and 

lactic  acid,  which  promote  fibrocellular  proliferation.  Matrix2™ (Boston  Scientific,  Inc.,  Natick,  MA)  coils  consist  of platinum coils 

covered by PGLA. Matrix coils have been found to accelerate aneurysm 

fibrosis  and  neointima  formation  in  animals,  compared  to  bare 

platinum  coils.10  Cerecyte™  (Micrus  Endovascular,  Sunnyvale, CA)  and  Nexus  (ev3,  Irvine,  CA)  also  incorporate  PGLA.  The 

HydroCoil® system (MicroVention, Inc., Aliso Viejo, CA) consists of platinum coils coated with an expandable hydrogel (see below).

(f)  Stretch resistance.

●   Stretching of a coil occurs when the distal end of the coil become 

trapped,  or  entangled,  in  the  aneurysm  and  the  outer  coil  wire 

then  unravels  when  the  coil  is  withdrawn  under  tension.  Coil 

stretching is problematic, because control over the coil is lost, and 

the entire coil can no longer be fully deployed into the aneurysm 

or withdrawn. A design modification to prevent this was to place 

a  reinforcing  filament  (usually  nylon)  within  the  coil,  to  resist 

stretching.  Most  currently  available  coil  lines  have  “stretch-

resistant”  models. Stretch-resistance  does  not  equal  stretch-proof; stretching,  although  less  likely,  is  still  possible  with  stretch-

resistant coils.

(g)  Alternative coil designs

●               ® GDC-360° (Boston Scientific, Inc., Natick, MA). Coil design with a 

larger number of random “breaks” than most other coils, allowing 

it to conform to multiple lobes in complex aneurysms.

●      HydroCoil  (Terumo  Medical/MicroVention,  Inc.,  Aliso  Viejo,  CA). ®

Platinum coil with a hydrogel coating that swells when it contacts 

blood. The hydrogel provides a higher filling volume than bare plat-

inum coils by filling the interstices of the coil mass. 11 For instance, a “HydroCoil® 10” coil is 5 times the volume of a bare platinum 10 coil of the same length, when fully expanded.

–  Hydrocoil® technique:

(1)  For most applications, it is best to first frame the aneu-

rysm  with  at  least  one  3D  configuration  coil  that  does 

not  have  hydrogel  coating,  then  use  the  Hydrocoils®  to fill in the basket.

(2)  Hydrocoils®                               ® come with the electrolytic V-Trac system. It is 

quicker and more reliable than most detachment systems.

(3)  These  coils  are  stiffer  and  harder  to  insert  than  bare 

platinum, so choose a coil with a smaller diameter loop 

and  shorter  length  than  you  would  for  a  similar  plati-

num coil.

(4)  The  coils  come  in  different  wire  thickness,  so  ensure 

that  your  microcatheter  has  a  properly  sized  internal 

lumen.  A  Hydrocoil®  10  requires  at  least  0.015  inch lumen,  Hydrocoil®  14  requires  0.019  inch  lumen,  and Hydrocoil® 18 requires 0.021 inch lumen.

(5)  The  hydrogel  softens  with  heat,  so  it  can  be  helpful  to 

briefly  steam  the  coil  immediately  before  insertion,  to 

soften it and allow the coil to take its helical shape.

(6)  Do  not  allow  the  coil  to  contact  blood  or  blood-stained 

saline,  prior  to  insertion.  This  can  start  the  swelling 

process.

(7)  Insert  the  Hydrocoil  into  the  microcatheter  and  care-

fully advance it into the aneurysm.

(8)  As soon as even a small length of the coil begins to exit 

the microcatheter, start a timer. Theoretically you have 

only  5 min  before  the  coil  begins  to  swell  and  you  can 

no  longer  pull  it  back  through  the  microcatheter.  Your 
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working time may be a little longer if your microcatheter 

has a big internal lumen.

(9)  Even  though  you  only  have  a  limited  working  time, 

you must be careful when advancing the relatively stiff 

coil into the aneurysm, and slow insertion can promote 

softening of the hydrogel due to the patient’s body heat. 

This  can  allow  the  coil  to  more  easily  conform  to  the 

available space in the aneurysm.

(10)  Detach  the  coil  when  it  is  in  good  position,  with  no 

encroachment on the parent artery, as confirmed by an 

angiographic run or roadmap.

(11)  If  you  have  to  remove  the  coil  prior  to  detachment,  be 

very careful. If you start to feel resistance in pulling it 

back, the swelling process may have started. If the coil 

binds  in  the  microcatheter,  it  may  detach  if  you  pull 

back against resistance.

(12)  If the swelling Hydrocoil binds in the microcatheter, the 

only way to remove it is to withdraw the coil and micro-

catheter  together.  Be  careful  not  to  stretch  the  coil  or 

dislodge the previously placed coils from the aneurysm.

(13)  You can avoid problems by not advancing the coil against 

resistance and using multiple shorter coils rather than 

fewer longer coils.

(14)  After  you  achieve  fairly  tight  packing  of  the  aneurysm 

with  Hydrocoils,  you  can  fill  the  remaining  spaces 

with  Microplex ™  Hypersoft  coils  (Terumo  Medical/ MicroVention,  Inc.,  Aliso  Viejo,  CA)  or  other  ultrasoft, 

stretch resistant finishing coils.

(15)  Consider prophylactic dexamethasone therapy and care-

ful clinical monitoring, especially for aneurysms larger 

than  10 mm  in  diameter,  as  chemical  meningitis12  and hydrocephalus13 have been reported. ●  TruFill  DCS  coils  (Cordis  Neurovascular,  Miami 

Lakes,  FL).  Coils  with  a  slightly  greater  platinum 

wire  diameter  (0.012  inch  compared  to  0.010  inch), 

presumably leading to a higher packing density. 14

●  Presidio  coils  (Micrus  Endovascular,  Sunnyvale, ™

CA).  Framing  coils  that  are  about  double  the  length 

of other 3-D coils, which presumably are more stable 

than regular 3-D coils.

●  Axium  Detachable  Coil  System  (ev3,  Irvine,  CA). ™

Detachment  system  is  unique:  non-electrical  “hook-

ing/unhooking” mechanism.

–  The authors’ preferred coils for most cases:

●  Micrus  system.  (One  uses  frequently,  the  other  one 

doesn’t.)

●  GDC system. (One uses frequently, the other one doesn’t.) ●  Bottom line. Use a system that you are familiar with and 

that you have a good supply of different sizes and shapes.

Electrolytic Coil Detachment and the Heart

The  GDC  coil  detachment  system  employs  an  electrical  current  that  creates  an 

electrical field in the patient’s body. ECG perturbations have been observed dur-

ing detachment with the GDC SynerG System, both at 1 mA and 2 mA power sup-

ply settings. These changes seem to occur more frequently at 2 mA and towards 

the end of the procedure. These observations initially raised concern that patients 

with or without cardiac pacemakers might be at risk for arrhythmias, but bench 

testing  by  the  manufacturers  and  extensive  clinical  experience  showed  that  the 

electrical fields generated did not affect cardiac electrophysiology. However, there 

is a theoretical risk that automatic defibrillators implanted in patients may sense 

the electrical activity generated during detachment, and interpret the activity as 

a  cardiac  arrhythmia,  producing  inadvertent  defibrillator  activation.  Although 

the  authors  of  this  handbook  have  used  GDC  coils  in  patients  with  pacemakers 

and defibrillators without incident, they prefer to use non-electrical coil detach-

ment systems, such as the Cordis Orbit system, in these patients.
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1.  Using a roadmap, the microcatheter is guided over the microwire into position 

within the parent vessel adjacent to the aneurysm (Fig. 5.5). Any redundancy (i.e., slack) in the microcatheter should be removed by gently pulling back on 

the microcatheter to straighten it out.

2.  For  an  end-artery  aneurysm  (e.g.,  basilar  apex  aneurysms),  the  microwire 

can usually be carefully advanced directly into the aneurysm, followed by the 

microcatheter.  For  side-wall  aneurysms  (e.g.,  ophthalmic  segment  ICA  aneu-

rysms  and  SCA  aneurysms),  the  microwire  and  microcatheter  can  sometimes 

be advanced directly into the aneurysm. Alternatively, if a shaped microcath-

eter is being used, the aneurysm can be accessed by guiding the microwire and 

microcatheter  tip  past  the  aneurysm  neck.  The  microwire  is  pulled  into  the 

microcatheter, and the microcatheter is slowly pulled back, allowing the tip to 

flip into the aneurysm (Fig. 5.6).

3.  The  ideal  position  of  the  catheter  tip  within  the  aneurysm  depends  on  the 

phase of the procedure (Fig. 5.7). When initially framing the aneurysm using a 3D-type coil, it is often best to have the tip of the microcatheter at the neck of 

the aneurysm to allow the coil to assume its spherical shape, to keep the coil 

from protruding into the parent artery, and to maximize the number of loops 

across the neck. Once the aneurysm is nicely framed, the microcatheter tip is 

placed  in  the  center  of  the  aneurysm,  two  thirds  of  the  way  to  the  top  of  the 

dome for added stability during the bulk of the filling phase of the procedure. 

During the finishing phase, you may need to reposition the microcatheter sev-

eral times to fill residual pockets within the aneurysm.

4.  Once  the  microcatheter  tip  is  positioned  within  the  aneurysm,  the  microwire 

should  be  withdrawn  and  advanced  several  times  for  most  of  the  distance 

[image: ]

 

Fig. 5.5 Sidewall aneurysm technique. 
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Technique for accessing side-wall aneu-

rysms with a J-shaped microcatheter.       Fig. 5.6 Microcatheter position. Optimal 

The microcatheter and microwire are  position of the microcatheter tip for most 

advanced past the aneurysm neck (left).  aneurysms. The catheter tip is positioned 

The microwire is withdrawn several mil- between half-way and two-thirds of the way 

limeters into the microcatheter, and the into the aneurysm dome. As the coil loops are microcatheter is gently pulled back until  deployed, the tip can “paintbrush” (i.e., sway) 

the tip flips into the aneurysm (right).                     back and forth.
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between  the  guide  catheter  and 

aneurysm.  This  maneuver  helps 

to  straighten  out  any  remaining 

redundancy in the microcatheter, 

eliminating “potential energy” in 

the microcatheter that may cause 

it  to  leap  forward  unexpectedly 

during coiling.

5.  When guide catheter angiograms 

are  done,  the  RHV  should  be 

tightened  around  the  microcath-

eter,  securing  it  to  prevent  the 

microcatheter from being carried 

forward  by  the  contrast  as  it  is 

injected.

6.  Occasionally,  the  anatomy  of  the 

aneurysm  and  the  surrounding 

vessels  (e.g.,  some  SCA  aneu-

rysms)  make  it  difficult  to  con-

firm  that  the  microcatheter  tip 

is  positioned  within  the  aneu-

rysm. A microcatheter angiogram 

can  clarify  the  position  of  the 

microcatheter  and  also  delineate 

the  size  and  configuration  of  the 

aneurysm neck.

(a)  A  1 mL  syringe  is  filled    Fig. 5.7 Proximal marker position. The proxi-

with  100%  contrast  and  mal microcatheter marker (arrow) is within 

connected  directly  to  the  the ICA. Attention to the proximal marker 

microcatheter  hub  after  and its relationship to skull landmarks on 

removal of the RHV for the  fluoroscopy can provide information about 

angiogram. the location of the tip of the microcatheter 

(b)  Obviously,    “aneurysmo-              inside the aneurysm.

grams”  should  be  under-

taken with caution in patients with subarachnoid hemorrhage.

 

5.2.1.2.      Coiling technique

1.  Once the microcatheter tip is in a stable position, the framing coils are placed. 

The first 3-D coil should be chosen to be equal or slightly larger than the diam-

eter of the aneurysm dome. A slightly larger 3-D coil may, it has been claimed, 

may “ovalize” the aneurysm and improve the effective dome-to-neck ratio.

2.  During framing of the aneurysm, gentle movement of the microcatheter, either 

forward or backward, can help distribute the loops of the coil within the aneu-

rysm in a more controlled fashion.

(a)  “Paintbrushing,” i.e., the side-to-side motion of the microcatheter tip, is 

an  indication  that  the  microcatheter  tip  is  in  a  good  position,  and  not 

wedged  between  other  coils,  or  between  the  coil  mass  and  the  dome  of 

the aneurysm.

(b)  Care must be taken to avoid placing any parts of a new coil between the 

existed coil mass and the dome of the aneurysm, as this can tear the aneu-

rysm wall.

3.  After each coil is deployed, prior to detachment, a guide catheter angiogram is 

done to check for:

(a)  Coil position

(b)  Thrombus within the parent vessel

(c)  Perforation (i.e., contrast extravasation)

(d)  Flow in adjacent vessels and/or vessel drop-out (e.g., when coiling a basilar 

apex  aneurysm,  flow  in  both  PCAs  should  be  monitored,  as  developing 

asymmetry in the filling of these vessels may be the first indication of par-

ent artery compromise by coil or clot.

4.  After detachment, the pusher wire is withdrawn under fluoroscopic visualiza-

tion, to ensure that the coil has successfully detached.

5.  In larger aneurysms, several 3-D coils can be placed within the aneurysm, each 

one smaller than the previous one (the “Russian Doll” technique).
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6.  After several coils are deployed, each additional coil becomes more difficult to 

see among the coils already in place. A negative roadmap can enable visualiza-tion of a coil as it is placed among other coils.

(a)  To  make  a  negative  roadmap,  the  roadmap  function  is  activated  but  no 

contrast is injected. This creates a blank white screen; during subsequent 

fluoroscopy, the coil being deployed will stand out as a black image.

7.  Microcatheter control during coiling:

(a)  Memorize the position of the proximal marker in relation to skull land-

marks on fluoroscopy (Fig. 5.7).

●   When a negative roadmap is used, a “white dot” will appear on the 

screen when the proximal marker changes position.

(b)  When advancing the microcatheter, care should be taken to avoid apply-

ing enough force to cause “buckling” of the microcatheter in the parent 

vessel. Buckling of the microcatheter can be an indication that a poten-

tially  hazardous  amount  of  force  is  being  applied  to  the  microcatheter 

that could cause the tip to jump forward and puncture the aneurysm.

8.  After one or more 3-D coils are deployed, for framing the aneurysm, filling coils 

are deployed, and then, toward the end of the coiling procedure, finishing coils 

are placed.

9.  Decisions about when to switch from 3-D to filling coils, and then to finishing 

coils, depend on several factors, such as the amount of resistance encountered 

when advancing each coil, the appearance of the coil mass on fluoroscopy, and 

the position and stability of the microcatheter. Generally, any given type of coil, 

should be continued to be deployed until resistance to coil advancement begins 

to rise. An increase in resistance should prompt a change to a coil with smaller 

dimensions, or to another, softer type of coil.

10.  The authors advocate tight packing of the aneurysm, i.e., coiling of the aneu-

rysm  should  proceed  until  the  amount  of  resistance  encountered  with  addi-

tional coils becomes prohibitive.

a.  Some  evidence  indicates  that  the  packing  density  (i.e.,  the  total  length 

of coil material placed in the aneurysm per unit of volume) is inversely 

related to the risk of aneurysm recurrence.15–17

11.  Occasionally, complex, multi-lobed aneurysms require the use of more than one 

shaped  microcatheter.  Depending  on  the  anatomy  of  the  aneurysm,  a  micro-

catheter of one shape can be used to coil one lobe of the aneurysm, and a second 

microcatheter can be used for the other lobe.

12. When coiling of the aneurysm is complete, high magnification PA and lateral 

angiograms should be obtained to confirm that the coiling is complete, prior to 

removal of the microcatheter.

13. The  microcatheter  is  removed  by  advancing  a  microwire  into  the  distal  part 

of  the  microcatheter,  to  straighten  out  the  microcatheter  and  prevent  it  from 

hooking  on  coil  loops  as  it  is  removed  from  the  aneurysm.  The  microcatheter 

and microwire are then withdrawn from the aneurysm together.

14.  Final PA and lateral intracranial angiograms are done to check for vessel drop-

out and other abnormalities.

15.  The guide catheter is withdrawn into the proximal part of the CCA or vertebral 

artery, and a final PA or lateral angiogram is done to check for vessel dissection.

 

Did you know?

Coiling  of  aneurysms  with  a  branch  arising  from  the  dome  may  be  okay.  In  a 

series of 9 patients in whom an aneurysm with a branch arising from the dome 

underwent coiling, the branch was preserved in 7 cases and no patients had any 

known thromboembolic complications 18.

 

5.2.3.       Onyx

Onyx (ev3, Irvine, CA) is an embolic agent that is supplied by the manufacturer 

in liquid form, dissolved in the organic solvent, dimethyl sulfoxide (DMSO). Onyx, an ethylene vinyl alcohol copolymer, is infused through a microcatheter into an aqueous environment;  the  DMSO  diffuses  outward  into  the  surrounding  tissue,  allowing  the material  to  precipitate  into  a  spongy,  space-occupying  cast.  The  primary  advantage of  Onyx  over  other  polymer  embolic  agents,  such  as  n-butyl  cyanoacrylate  (NBCA), 

158                  5.2.  Device selection                                                                    INTRACRANIAL ANEURYSM TREATMENT is that it is non-adhesive, and carries a lower risk of binding to the microcatheter or other devices. As of this writing, Onyx embolization for the treatment of intracranial aneurysms is still investigational; Onyx has been approved by the FDA for emboliza-tion of intracranial AVMs. Onyx embolization of aneurysms requires a balloon-assist technique, to permit infusion of the material into the aneurysm without embolization into  the  distal  circulation.  All  devices  must  be  compatible  with  DMSO.  Onyx  comes in three concentrations:

1.  Onyx-18 (6%) – for AVM nidus

2.  Onyx-34 (8%) (more viscous)- for direct AV fistulas

3.  Onyx HD (20%) (the most viscous) - for aneurysms

5.2.3.1.      Onyx technique

1.  Prior to the case, the patient should be placed on a combination antiplatelet reg-

imen (Aspirin 325 mg PO daily and Clopidogrel, 75 mg PO daily for ≥3 days).

2.  At the beginning of the procedure, the Onyx must be placed on an automated 

shaker for 20 min.

3.  Systemic heparinization is critical.

4.  Guide catheter: Must be large enough to accommodate a balloon catheter and 

a microcatheter – use a 6 French guide catheter or larger.

5.  A compliant DMSO-compatible balloon (Hyperglide, ev3, Irvine, CA) is placed, 

deflated, in the parent vessel adjacent to the aneurysm.

6.  A  DMSO-compatible  microcatheter  (Rebar,  ev3,  Irvine,  CA)  is  navigated  into 

the aneurysm.

7.  The balloon is inflated, and a gentle test injection of contrast is done through 

the microcatheter, to confirm that an adequate seal over the aneurysm neck has 

been made by the balloon.

8.  The  balloon  is  deflated,  and  the  microcatheter  is  irrigated  with  heparinized 

saline, then primed with DMSO with a volume to match the microcatheter dead 

space (Rebar-10 dead space: 0.27 mL; Rebar-14 dead space: 0.29 mL).

9.  A Cadence Precision Injector syringe (ev3) is filled with Onyx and attached to 

the hub of the microcatheter. This syringe permits controlled injection of small, 

precise volumes. Other DMSO-compatible syringes may be used.

10.  Onyx  is  injected  under  fluoroscopic  observation  at  a  rate  of  about  0.1 mL  per 

minute or slower.

11.  The injection is continued, and paused after each incremental volume of approx-

imately 0.2–0.3 mL, to allow the material to polymerize, and to allow temporary 

balloon deflation. Intermittent deflations of the balloon are necessary to prevent 

too great a volume of material, blood, and DMSO to accumulate in the aneurysm 

while the balloon in inflated, and to permit reperfusion of affected circulation. 

Several sequential re-inflations and injections may be necessary. The microcath-

eter position is not adjusted at all during the embolization.

12. Important:  Do  not  pause  the  injections  for  more  than  about  2 min  at  a  time, 

to  avoid  polymerization  of  the  Onyx  material  within  the  microcatheter,  with 

concurrent risk of microcatheter rupture with additional injection.

13. Periodic guide catheter angiograms should be done to monitor progress.

14.  At the completion of embolization, with the balloon deflated, the microcatheter 

syringe is decompressed by aspiration of 0.2 mL; this prevents dribbling of Onyx 

material during the removal of the microcatheter.

15. Prior to removal of the microcatheter, 10 min are allowed to elapse to permit the 

Onyx material to set within the aneurysm.

16.  For microcatheter removal, the balloon should be inflated a final time, to stabi-

lize the Onyx mass as the microcatheter is withdrawn.

17.  The  patient  should  be  kept  on  an  antiplatelet  regimen  for  1  month  after  the 

procedure.

5.2.3.2.      Post-procedure management

1.  Complete neurological exam.

2.  Admit to the NICU with neuro exams and groin checks Q 1 hr.

It is not uncommon for patients undergoing coiling of an unruptured aneurysm 

to  have  a  headache  in  the  evening  after  the  procedure.  A  head  CT  should  be 

obtained, if the headache is significant, to exclude hemorrhage. Most headaches 

in this setting are presumably due to “stretching” of the aneurysm by the coils, 

and resolve by the following day.
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enhanced MRA. If the studies agree and there is no need for additional treatment, 

an MRA is obtained on a yearly basis indefinitely.

MRA protocol for imaging of coiled aneurysms:19 ●      NVPA Coil

●      Axial plane

●      Pulse sequence: Vascular TOF SPGR ●   Imaging options: Variable bandwidth, Fast, 2ip512, Zip2, Smart Prep

●      TE: Minimum

●      Flip angle: 45

●      Bandwidth: 41.67

●      Freq: 320

●      Phase: 224

●      Nex: 1

●      Phase FOV: 0.75

●      Scan time: 1:01

●      FOV: 22

●      Slice thickness: 1.4

●      LOCS per slab: 60

●      Frequency direction: AP

●      User CVs screen

●      Maximum monitor period: 30 ●      Image acquisition delay: 5

●      Turbo mode (1) Faster

●      Elliptical Centric (1) on

 

Tips and Tricks for Coiling Small Aneurysms

Coiling of small aneurysms tends to be surprisingly difficult and the risk of aneu-

rysm perforation is higher than in larger aneurysms. A number of modifications 

of technique may reduce the risk of complications. Determining what size consti-

tutes a small aneurysm is somewhat arbitrary, but for purposes of this discussion 

aneurysms that are 3 mm or smaller are considered “small.”

Rule#1. Avoid entering the aneurysm with the wire. Wherever possible the wire 

is used to get the microcatheter in the vicinity of the aneurysm, then pulled back 

into  the  microcatheter  and  manipulated  into  the  aneurysm.  The  curved  wire  in 

the  microcatheter  can  be  rotated  and  often  it  turns  the  tip  of  the  microcatheter 

to the desired direction.

Rule#2. Choose a curved tip microcatheter matched to the anatomy of the aneu-

rysm. Ideally the shape of the curve should allow the microcatheter to point right 

into  the  aneurysm  from  the  parent  artery,  without  having  to  force  it  to  make  a 

turn into the aneurysm. That is sometimes easier said than done if the catheter 

curve wants to point away from the aneurysm, once in the vessel. The ideal situ-

ation is a torquable microcatheter like the Pivot™ (Boston Scientific, Natick, MA) 

whose curved tip can be rotated to the desired direction.

Rule  #3.  Whenever  possible,  pull  the  microcatheter  back  to  engage  the  aneu-

rysm  rather  than  pushing  it  forward.  Pushing  the  microcatheter  forward  can 

store kinetic energy in the catheter, and it could release suddenly and cause the 

catheter to jerk forward. Pulling it back releases the stored energy. Advance the 

microcatheter over the microwire in the parent artery distal to the aneurysm, pull 

the wire back into the microcatheter, and then slowly withdraw the microcatheter. 

If the shape of the tip of the microcatheter is correct, it will pop into the aneurysm, 

and not have a tendency to continue to move forward.

Rule#4. Do not advance the microcatheter deeply into the aneurysm. Many times 

an aneurysm can be successfully coiled with the tip at the neck, or even in the par-

ent artery just pointing into the aneurysm. This prevents trauma to the aneurysm 

from the microcatheter and also allows the coils advanced into the aneurysm, to 

begin  to  curve  before  they  reach  the  dome,  pushing  on  the  dome  with  a  broad, 

curved surface, rather than the sharp point of the tip of the coil.

Rule#5. Always be careful to remove any slack in the microcatheter and guide catheter.

Rule#6. Advance as soft a coil as possible very, very slowly into the aneurysm.

Rule#7.  Be  prepared  to  gently  adjust  the  microcatheter  as  the  coil  is  going  in 

to relieve any pressure the coil is putting on the aneursm and to ensure that it is 

pointing in the proper direction to deploy the coil.
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Rule#8. If the microcatheter backs up, consider using a softer or smaller diameter coil.

Rule#9.  If  the  coil  prolapses  into  the  parent  artery,  consider  using  a  different 

design coil (3-D vs. helical configuration), a slightly firmer coil (soft vs. ultrasoft), 

or use balloon remodeling technique.

Rule#10. As the coil is fully deployed, be certain that there is no forward ten-

sion on the microcatheter. (It may move forward when the coil detaches and the 

coil pusher wire is pulled back). The authors frequently allow the microcatheter 

to back well out of the aneurysm as long as the coil loops are all in the aneurysm. 

There is not usually a worry that the microcatheter needs to stay in the aneurysm, 

because often, only one coil is needed.

Rule #11. Check again for slack, tighten the RHV on the guide catheter before 

doing  a  contrast  injection,  and  do  only  low  pressure  hand  injections  to  prevent 

launching the microcatheter forward during a run.

Rule#12. Have a low threshold for placing a stent, even after coil detachment, 

if it has a wide neck.

Rule#13. Small side-wall aneurysms may thrombose without even placing coils, 

if a stent redirects flow from the aneurysm.

 

5.2.4.  Adjunctive techniques for the treatment 

of wide-necked aneurysms

Wide-necked aneurysms, generally defined as having a dome-to-neck ratio of <2:1, 

can be difficult to treat with coiling alone. Several strategies exist to coil wide-necked aneurysms using adjunctive techniques.

5.2.4.1.      Balloon-assisted coiling

1.  “Balloon remodeling” of wide-necked aneurysms is based on the concept that fram-

ing  coils,  placed  in  the  aneurysm  with  the  temporary  support  of  a  balloon,  can 

“ovalize” the aneurysm and create a stable structure for coil packing (Fig. 5.8).

2.  Systemic  heparinization  is  critical.  Consider  pretreatment  with  anti-platelet 

agents. Guide catheter: Must be large enough to accommodate both a balloon 

catheter and a microcatheter – use a 6 French guide catheter or larger.

3.  Attach  either  a  two-headed  rotating  hemostatic  valve  (RHV)  or  two  single 

RHVs  in  series  to  the  guide  catheter,  and  attach  a  continuous  heparinized 

saline infusion to the RHV.

4.  Watch out for bubbles in the system. The more connections on the catheter, the 

greater the chance of bubbles.

5.  A  non-detachable  balloon  (Hyperglide,  ev3,  Irvine,  CA)  is  placed,  deflated,  in 

the parent vessel adjacent to the aneurysm.

6.  A microcatheter is navigated into the aneurysm.

7.  Insert one loop of coil into the aneurysm such that the tip of the coil points away 

from the dome. This prevents the catheter tip from getting wedged against the 

aneurysm dome when the balloon is inflated and limits the risk of aneurysm 

perforation during coil insertion.

8.  The balloon is inflated under roadmap guidance, and the first framing coil is 

deployed.

9.  The  balloon  is  deflated  prior  to  detachment,  and  the  stability  of  the  coil  is 

assessed. If the first coil is stable, the coil is detached.

10.  Additional framing coils are placed when the balloon is temporarily inflated.

Caution:  Coil  deployment  with  the  inflated  balloon,  can  interfere  with  the 

smooth delivery of coils by diminishing the to- and fro- motion of the microcath-

eter tip.20 This effect can be compensated for, to some degree, by gentle, slight 

movement of the catheter forward or backward as the coil is deployed.

11.  As further coils are deployed, the balloon should be deflated, at least intermit-

tently, after each coil is placed. This prevents too great a volume of coils and 

blood to accumulate in the aneurysm, and to allow reperfusion of the affected 

circulation.

12. Often, once a stable framing construct of coils has been created, additional fill-

ing and finishing coils can be safely inserted without inflating the balloon.
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Fig. 5.8 Balloon remodeling technique. A temporary balloon inflated adjacent to a wide-

 

necked aneurysm (A) permits placement of a framing coil, which “ovalizes” the aneu-

rysm dome and allows packing with additional coils (B–C). The presence of the balloon 

forces the coils into a shape that they would not normally assume, which further contrib-

utes to the stability of the coil mass. D: final result.

13. For  microcatheter  removal,  the  balloon  should  be  inflated  a  final  time,  to 

 stabilize the coil mass as the microcatheter is withdrawn.

5.2.4.2.     Stent-assisted coiling

Presently  there  are  two  stents  designed  specifically  for  stent-assisted  coiling 

of  wide  necked  intracranial  aneurysms  available  in  the  US:  the  Neuroform3 ™  stent (Boston Scientific, Natick, MA) and the Enterprise™ Vascular Reconstruction Device and Delivery System (Cordis Neurovascular, Miami Lakes, FL). Both devices consist of  a  self-expanding  Nitinol  stent  that  is  deployed  in  the  parent  vessel  adjacent  to the aneurysm neck; the stent then acts as a scaffold to hold coils in place inside the aneurysm (Fig. 5.9). Differences in the design between the two devices are discussed below. The use of these devices requires treatment with a dual antiplatelet regimen, and  therefore,  are  most  useful  in  the  treatment  of  unruptured  aneurysms.  Stent-assisted coiling should be used in patients with subarachnoid hemorrhage, only when other techniques for treatment of the aneurysm, including partial coiling (see below) are not possible.

5.2.4.3.     Neuroform vs. Enterprise

Each device has advantages and disadvantages.

1.  Neuroform

(a)  Advantages:

●   Older, more established device (available in the US since 2002).

●      Easy-to-see marker bands.

(b)  Disadvantages:
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Fig. 5.9 Stent-assisted coiling technique. A microcatheter is advanced across the neck 

 

of the aneurysm (upper left). The stent is deployed across the aneurysm neck (upper

right), and the aneurysm is coiled by placing a microcatheter through the stent and into 

the aneurysm (lower).

● Stiffer and harder to track than the Enterprise. ●   Designed to be tracked over an exchange-length microwire.

2.  Enterprise

(a)  Advantages:

●   More flexible and easier to navigate than the Neuroform.

●   Is designed to be deployed primarily, without first placing an 

exchange-length microwire.

●   May  be  pulled  back  into  the  microcatheter  (recaptured)  for 

repositioning during deployment, provided that no more than   

80% of the stent has been placed outside of the microcatheter.

●   Flared  ends  of  the  stent  make  it  easier  to  advance  a  micro-

catheter into the lumen of the deployed stent (in contrast to 

the Neuroform, which has a tendency to cause microcatheters 

to snag on the proximal markers).

(b)  Disadvantages:

●      Newer device (available in the US in 2007). ●   Current size selection is more limited than it is for Neuroform.

●      Markers are harder to see on fluoroscopy. ●   The distal end of the delivery wire is larger in diameter than the 

wire immediately proximal to it (i.e., the part that is within the 

stent prior to deployment). This size step-off causes the delivery 

wire to snag on the stent after deployment in some cases.

5.2.4.4.      General stent-assisted coiling procedures

1.  Case selection.

(a)  Wide-necked  aneurysms  are  generally  defined  as  those  with  a  neck 

width ≥ 4 mm or a dome-to-neck ratio of < 2.
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2.  Antiplatelet therapy:

(b)  Aspirin 325 mg PO QD for ≥3 days prior to the procedure and (c)  Clopidogrel (Plavix®) 75 mg PO QD for ≥3 days prior to the procedure.

●   Alternatively, a loading dose of Aspirin 325 mg PO and clopidogrel 

300 mg PO or NG can be given the day before or at least 5 h before 

the procedure.

●   If the stent is used on an urgent basis (e.g., as a bail-out maneuver 

in  procedure  in  which  the  use  of  a  stent  was  not  anticipated),  a 

GPIIb/IIIa  inhibitor  infusion  can  be  administered  until  a  loading 

dose  of  aspirin  and  clopidogrel  has  had  time  to  take  effect.  The 

authors  favor  abciximab,  because  the  agent  can  be  reversed,  if 

needed, with platelet transfusion.

–  Abciximab  0.025 mg  kg−1  IV  bolus  followed  by  infusion  at 

10 mcg min −1 IV for 12 h.

(a)  Note: If an NG tube is going to be used for administration of 

clopidogrel, the tube should be placed prior to giving abcixi-

mab, to minimize the risk of nasopharyngeal bleeding.

3.  In preparation for placement of the stent, measurements of the parent vessel 

and aneurysm neck width are made, and a stent is selected and deployed.

4.  In most cases, the stent can be deployed and the aneurysm coiled during the 

same  case.  In  situations  where  the  stent  placement  procedure  is  difficult  or 

prolonged, staging the procedure by bringing the patient back on another day 

for coiling can be helpful. After several weeks, the stent is endothelialized and 

is more stable, making trans-stent coiling somewhat easier.

5.  Post-procedure management

(a)  If manual or c-clamp compression is used when the sheath is removed, 

an  extended  compression  time  is  needed  because  of  the  presence  of 

aspirin and clopidogrel. Usually, 40 min is sufficient, compared to 15–20 

in-patients without platelet therapy on board.

(b)  Clopidogrel, 75 mg PO daily, should be continued for 1 month after the 

stent  is  deployed.  Aspirin,  either  325 mg  or  81 mg  PO  daily,  should  be 

continued indefinitely.

5.2.4.5.      Neuroform technique

1.  Devices.

(a)  The  Neuroform  stent  comes  from  the  manufacturer  pre-loaded  in  a  3 

French  microdelivery  catheter,  and  is  positioned  in  the  parent  vessel 

adjacent to the aneurysm neck. A “stabilizer” catheter, which is also pre-

loaded in the microdelivery catheter, is then used to stabilize and deploy 

the stent as the microdelivery catheter is withdrawn. The stent consists 

of a fine wire mesh that cannot be seen on standard fluoroscopy; plati-

num marker bands (four at each end) can be seen. The interstices of the 

fully-expanded stent are large enough to accommodate a microcatheter 

tip size 2.5 French or smaller (realistically, < 2.0 French) for coiling.

(b)  Stent sizes:

●   Diameters: 2.5 mm, 3.0 mm, 3.0 mm, 3.5 mm, 4.0 mm, 4.5 mm.

●      Lengths: 15 mm, 20 mm, 30 mm.

(c)  Stent  selection.  The  stent  must  be  long  enough  to  extend  at  least  4 mm 

proximal and 4 mm distal to the aneurysm neck to avoid stent migration.

(d)  Device preparation. The stent, loaded within the microdelivery catheter, 

is  removed  from  the  package  and  irrigated  with  heparinized  saline. 

Instructions  for  irrigating,  are  on  the  plastic  package.  Care  must  be 

taken to avoid irrigating too forcefully, as the stent may be pushed dis-

tally within or even ejected from the microdelivery catheter.

2.  Deployment technique.

(a)  A microcatheter and microwire (0.010 inch or 0.014 inch) are navigated, 

using a roadmap, past the aneurysm.

(b)  The  microwire  is  removed  and  replaced  with  an  exchange-length  0.014 

inch microwire with a soft, J-shaped distal curve.

(c) Always keep the tip of the exchange wire in sight on the fluoroscope moni-

tor to ensure that it does not enter a small branch or perforate the vessel.

(d)  The  wire  is  then  wiped  with  a  saline-soaked  Telfa,  and  the  microde-

livery  catheter  containing  the  Neuroform2 ™  stent  is  threaded  onto  the exchange-length wire using the brown plastic peel-away introducer.
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(e)  The  distal  end  of  the  microdelivery  catheter  is  grasped  between  the 

thumb and index finger, and gentle pressure is applied to the microdeliv-

ery catheter just proximal to the stent to prevent the stent from sliding 

back  as  the  catheter  is  advanced.  The  peel-away  introducer  is  removed 

just before the tip of the microdelivery catheter enters the RHV.

(f) While  the  tip  of  the  exchange-length  microwire  is  monitored  by  fluoros-

copy,  the  microdelivery  catheter  is  advanced  over  the  wire  and  into  a position across the neck of the aneurysm.

(g)  The stabilizer catheter is then held firmly in place as the microdelivery 

catheter  is  pulled  back  over  the  stabilizer  and  microwire,  so  that  the 

stent is unsheathed. As the stent expands, the marker bands can be seen 

to spread.

●      Important:  The  exchange-length  microwire  position,  through  and 

past  the  stent,  should  be  preserved  during  and  after  deploy-

ment  of  the  stent.  Maintaining  “wire  access”  will  ensure  that  the 

microcatheter used later for coiling, will pass within the stent and 

through the interstices, rather than outside the stent, between the 

stent and the parent vessel wall.

(h)  The  microdelivery  catheter  and  stabilizer  are  then  removed  over  the 

exchange-length wire. A standard-length microcatheter is then advanced 

over the microwire until it is past the stent. The exchange-length micro-

wire is then removed and replaced with a standard-length microwire.

●   The  microwire  and  microcatheter  are  then  guided  through  the 

stent and into the aneurysm for coiling.

3.  Neuroform tips:

(a)  The  stent  should  be  “unstuck”  from  its  original  position  within  the 

microcatheter, prior to deployment, by gently pushing on the stent with 

the stabilizer, with the stent in a relatively straight segment. Unsticking 

the stent will make it easier to deploy.

(b)  If the stent is pushed back in the microdelivery catheter during its pas-

sage through the parent vessel on the way to the aneurysm, the stent can 

be re-advanced to the tip of the microdelivery catheter by placing the dis-

tal end of the microdelivery catheter in a relatively straight intracranial 

vessel (e.g., the M1 segment or the basilar artery). Straightening out the 

distal portion of the microdelivery catheter, will minimize the resistance 

as the stabilizer is used to push 

the stent back into optimal posi-

tion 1–2 mm proximal to the tip 
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of the microdelivery catheter.

(c)  The  Neuroform  may  be  navi-

gated  into  a  position  primarily 

(without  exchanging  over  an 

exchange-length    microwire), if  the  anatomy  is  favorable 

(i.e.,  non-tortuous)  and  the 

guide  catheter  can  be  placed 

in  a  very  distal  position.  The 

new  Neuron ™  guide  catheter (Penumbra,  Inc.,  San  Leandro, 

CA) is nicely suited for this.

(d) “Y”  configuration.  A  single 

Neuroform  stent  placed  across 

the  neck  of  a  basilar  apex 

aneurysm  can  decrease  the 

effective  size  of  the  neck  to 

facilitate  coiling.  Some  basilar 

apex  aneurysms,  however,  are 

so  wide-necked  that  two  stents, 

placed in a “Y” configuration, are 

required. 21 In this technique, one stent is positioned in the basilar 

artery,  extending  into  one  P1. 

A  second  Neuroform  stent  is     Fig. 5.10 “Y” configuration. A basilar guided through the interstices of  apex aneurysm with a very wide neck 

the  first  stent,  from  the  basilar  is treated by extending one Neuroform 

artery  and  extending  into  the  stent into one P1, and another 

opposite P1 (Fig. 5.10). Neuroform stent into the opposite P1.
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(e) Stent  malpositioning.  Inadvertent  deployment  of  a  Neuroform  stent 

such that one end of the device is close to the aneurysm neck, or actually 

extends into the aneurysm, can be managed in one of two ways:

●   In some aneurysms, even if a part of the stent has prolapsed into 

the  aneurysm,  coiling  can  be  done  successfully.  In  this  situation, 

the  coils  can  be  deployed  so  that  they  encircle  the  stent  struts  or 

rest against the stent.

●   A second Neuroform stent can be deployed through the interstices 

of the first. It is important to maintain wire access after placement 

of the first stent, if this maneuver is going to be undertaken.

(f) HydroCoils (MicroVention, Inc., Aliso Viejo, CA). The authors caution that using 

HydroCoils  in  combination  with  a  Neuroform  stent  can  be  tricky.  Once  the 

hydrogel has expanded after contact with blood, there is a potential for binding 

or resistance between the gel and the stent struts, should the HydroCoil need 

to be withdrawn or repositioned through the stent.

 

5.3.        Enterprise technique

 

1.  Devices.

(a)  The  Enterprise  stent  comes  from  the  manufacturer  within  a  plastic 

sheath (the “dispenser loop”). A Prowler Select Plus microcatheter is first 

positioned across the neck of the aneurysm with an ordinary microwire; 

the  microwire  is  then  withdrawn  and  replaced  with  the  stent/delivery 

wire assembly for stent positioning and deployment.

●   Delivery  wire.  A  delivery  wire  is  preloaded  within  the  stent,  and 

both  the  stent  and  delivery  wire  come  from  the  manufacturer  in 

the dispenser loop. The delivery wire has 3 radiopaque zones: the 

proximal  wire,  the  “stent  positioning  marker,”  (which  indicates 

where  the  undeployed  stent  is  loaded,  and  runs  the  length  of  the 

stent) and the distal tip.

●   Stent.  The  stent  struts  cannot  be  seen  on  standard  fluoroscopy; 

each end of the four platinum marker bands can be seen, but are 

considerably more difficult to see compared to the markers on the 

Neuroform stent. The interstices of the fully-expanded Enterprise 

stent are large enough to accommodate a microcatheter tip with an 

outer diameter size ≤ 2.3 French for coiling.

(b)  Stent sizes

●   Enterprise is indicated for use when the parent vessel diameter is 

2.5 – 4.0 mm.

●      Diameter: 4.5 mm

●      Lengths: 14 mm, 22 mm, 28 mm, and 37 mm.

(c)  Stent  selection.  The  stent  must  be  long  enough  to  extend  at  least 

4 mm proximal and 4 mm distal to the aneurysm neck, to avoid stent 

migration.

(d)  Device  preparation.  Do  not  shape  the  tip  of  the  delivery  wire.  The  dis-

penser loop is irrigated with heparinized saline.

2.  Deployment technique.

(a)  A Prowler Select Plus microcatheter and microwire (0.010 inch or 0.014 

inch) are navigated past the aneurysm using a roadmap. The tip is posi-

tioned at least 12 mm distal to the neck of the aneurysm.

(b)  The microwire is removed and the Enterprise stent is inserted into the 

Prowler Select Plus microcatheter by placing the tip of the dispenser loop 

in the RHV and advancing the delivery wire.

●   As a final preparation, the distal end of the dispenser loop is placed 

in the RHV so that, the tip is about halfway in. The RHV is then 

tightened securely around the dispenser, and the RHV is vigorously 

flushed to back-irrigate the dispenser loop and purge the system of 

bubbles.

(c)  The delivery wire can be advanced without fluoroscopy, until the marker 

on the wire is at the RHV. The marker on the delivery wire is 150 cm from 

the distal tip.

(d)  The delivery wire and stent are then navigated into position across the 

neck of the aneurysm.
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(e)  The stent is positioned for deployment by aligning the stent positioning 

marker on the delivery wire with the target site.

(f)  The stent is deployed by holding the delivery wire firmly in place while 

carefully retracting the microcatheter.

●   If the stent position is not satisfactory, the stent may be recaptured 

by  advancing  the  microcatheter  (do  not  recapture  by  pulling  the 

delivery wire). Stent recapture may be done provided that <  80% of 

the stent has been deployed; this is “recapturability limit” indicated 

by the proximal end of the stent positioning marker. If the proximal 

end  of  the  stent  positioning  marker  is  still  within  the  microcath-

eter, it is okay to recapture the stent.

●                                                                                 22 The stent should be recaptured only once. If further repositioning 

is needed, the stent should be removed and a new one is used.

(g)  The microwire and microcatheter are then guided through the stent and 

into the aneurysm for coiling.

3.  Enterprise tip:

(a)  If the delivery wire snags on the stent after deployment, readvance the 

microcatheter into the stent to recapture the wire.

 

5.3.1.1.      “Double catheter” coiling technique

Some  wide-necked  aneurysms  can  be  treated  by  using  two  Microcatheters  to 

simultaneously  place  coils  across  the  neck  of  the  aneurysm. 23  One  of  the  coils  is detached  in  the  aneurysm,  and  the  other  coil  is  left  attached  to  its  pusher  wire  to stabilize the coil construct (Fig. 5.11). The major problem with this technique is that long-term durability of the occlusion of the aneurysm with this technique, may not be very good,24 possibly because tight coil packing of aneurysms is less feasible without the use of a balloon or stent.

1.  Access can be accomplished with bilateral femoral artery sheaths and two guide 

catheters, although it is simpler to use a single large caliber guide catheter such 

as a 6 or 7 French Envoy® (Cordis Neurovascular, Miami Lakes, FL), and place 

both the microcatheters in one guiding catheter. The authors also like the 90 cm 

Cook  Shuttle®                                                   ®  (Cook  Inc.,  Bloomington,  IN).  A  5  French  Shuttle  will  accept 

two 10-system microcatheters.

2.  Attach  either  a  two-headed  rotating  hemostatic  valve  (RHV)  or  two  single 

RHVs  in  series  to  the  guide  catheter  and  attach  a  continuous  heparinized 

saline infusion to the RHV.

3.  Watch out for bubbles in the system. The more connections on the catheter, the 

greater the chance of bubbles.

4.  Insert two low-profile microcatheters with preloaded micro guidewires into the 

RHVs.

5.  Advance each microcatheter one after the other a few centimeters at a time.

6.  Advance  the  microcatheters  in  this  “leap-frog”  fashion-alternatively  one  after 

the other in short increments, until they are positioned in the aneurysm.
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Fig. 5.11 Double microcatheter technique for coiling wide-necked aneurysm. With two 

microcatheters placed in the aneurysm, one coil is positioned but not detached, to act 

as a stabilizer as additional coils are deployed from the other microcatheter.
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7.  Through one microcatheter, advance a coil as large as possible, but not so large 

that it prolapses into the parent artery.

8.  After multiple loops are in the aneurysm, advance a similar sized coil though 

the other microcatheter.

9.  Position both coils in the aneurysm, then obtain an arteriogram with the injec-

tion of contrast through the guide catheter, and check to ensure that the coils 

are properly positioned and stable.

10.  When you are happy with coil positioning, detach the coil with the least number 

of loops across the neck (this is usually the second coil deployed).

11.  When the coil detaches, remove the pusher-wire.

12. Do not detach the other coil yet. That will be the stabilizer for the coil mass.

13. Advance another, slightly smaller coil through the microcatheter, and if prop-

erly positioned, detach it.

14.  As long as the coil construct seems stable, you may want to alternate placing 

and  detaching  coils  between  the  two  microcatheters,  to  help  assure  uniform 

packing of the entire aneurysm.

15. Always  be  sure  to  have  one  coil  positioned  within  the  aneurysm,  but  not  yet 

detached, to stabilize the system as each additional coil is advanced, positioned, 

and detached.

16.  Confusion can arise about which coil is being detached and which is being left 

in place. It can help to cover the hub of the microcatheter containing the stabi-

lizing coil with a sterile towel, to prevent mistakenly detaching that coil.

17.  Note that, with bare platinum GDC® (Boston Scientific, Natick, MA) coils, you 

may get unintended “sympathetic detachment” of a coil in contact with one to 

which  you  pass  the  electrical  current.  This  is  rare,  but  can  be  avoided  using 

coated coils or other coil types.

18. Continue this process until you achieve the desired packing density, or until the 

microcatheter kicks back or the coil begins to prolapse into the parent artery.

5.3.1.2.      Partial coiling

In subarachnoid hemorrhage, the use of adjunctive techniques to coil wide-necked 

aneurysms adds complexity and risk to the procedure.25 In addition, stent-supported coiling  requires  combination  antiplatelet  therapy  to  prevent  in-stent  thrombosis, which can increase the risk of rehemorrhage, and is problematic if additional surgi-cal  procedures,  such  as  ventriculostomy,  are  anticipated.  An  alternative  strategy  is to  partially  coil  the  aneurysm,  to  protect  against  rehemorrhage  in  the  acute  phase, and undertake additional treatment, if necessary, in the future. Aneurysmal hemor-rhage usually occurs due to a rent in the aneurysm dome, or from a daughter sack, if present. “Capping” of the aneurysm, or coiling of the apex of the dome, can protect against rebleeding in the short term.

 

5.3.2.  Complications: avoidance and management

5.3.2.1.  Overview of complications and complication 

rates with coiling

1.  Recent large series report overall complication rates ranging from 8.4 to 18.9%. 25–28

2.  Risk factors for complications:

(a)  Subarachnoid hemorrhage

(b)  Adjunctive techniques (i.e., balloon-assisted and stent-assisted coiling)

(c)  Small and large aneurysms

3.  Experience  counts:  The  odds  of  occurrence  of  a  complication  decreased  with 

increasing operator experience.29 For every five cases, the odds ratio declined by 0.69, P = 0.03

5.3.2.2.      Aneurysm or vessel perforation

1.  Mechanisms: Extrusion of the microwire, microcatheter, or a coil is most com-

mon;  perforation  can  also  occur  during  guide  catheter  angiograms.30  Vessel perforations  typically  occur  during  procedures  in  which  a  device,  such  as  an 

angioplasty balloon or stent, is tracked over a wire.
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2.  Frequency

(a)  A  meta-analysis  of  17  reports  found  a  significant  difference  in  the  fre-

quency of perforations between ruptured and unruptured aneurysms31

●      Ruptured: 4.1% ●      Unruptured: 0.5% (p < 0.001)

(b)  Risk factors

●   Small  aneurysm  size  is  an  established  risk  factor  for  aneurysm 

perforation. 32–34

●      Vessel  perforation.  Procedures  involving  tracking  of  devices  with 

relatively high resistance (e.g., balloons and stents).

3.  Avoidance

(a)  Exercise extra caution when treating smaller aneurysms.

(b)  Take measures to minimize anterograde force on the microcatheter and 

microwire

(c)  Tighten  the  RHV  around  the  microcatheter  when  doing  guide  catheter 

angiograms  (to  prevent  the  contrast  injection  from  carrying  the  micro-

catheter forward).

(d)  Avoid excessive packing.

(e)  Avoid  deploying  coils  between  the  framing  coil  and  the  dome  of  the 

 aneurysm.

(f) Vessel perforation:

●   Attempt to keep the microwire in relatively larger, proximal vessels 

(e.g., M3 branches rather than M4 branches if possible).

●      Minimize motion of the microwire.

4.  Management

(a)  Recognition is the first step: An abrupt rise in blood pressure or ICP, or 

a  sudden  slowing  of  the  heart  rate  should  prompt  an  immediate  guide 

catheter angiogram.

(b) Resist the impulse to pull back on the perforating device! The device may occlude 

or partially occlude the perforation, and withdrawal of the device may worsen 

the perforation.

(c)  Reverse heparin anticoagulation with protamine.

(d)  Continue deployment of coils, if possible. This may seal off the perforation.

●   If the microcatheter has perforated the aneurysm wall, a coil can be par-

tially deployed into the subarachnoid space, then the microcatheter can 

be pulled back slightly until the microcatheter tip is inside the aneurysm 

again, and the remaining portion of the coil can be deployed within the 

aneurysm.

(e)  2nd  Microcatheter  technique:35  While  the  perforating  microwire  or  microcath-

eter is left in place, a second microcatheter can be navigated into the aneurysm 

to continue coiling the aneurysm.

(f)  Occasionally, the tear in the aneurysm dome may extend into the parent ves-

sel. In this situation, coil-occlusion of the parent vessel may be the only way to 

stop the hemorrhage. Obviously, this is a salvage maneuver and the patient’s 

outcome will depend on the presence or absence of collateral circulation.

(g)  Once  the  aneurysm  is  secured,  a  ventriculostomy  may  be  necessary,  particu-

larly  if  the  patient  remains  hypertensive  (i.e.,  if  there  is  ongoing  evidence  of 

elevated ICP).

(h)  Once the patient is stabilized, obtain a head CT.

●   Tip: A head CT done immediately after an aneurysm perforation during 

coiling will always look ferocious, and possibly much worse than it actu-

ally is, due to the presence of contrast material (Fig. 5.12).

5.3.2.3.      Thromboembolism

1.  Mechanisms:

(a)  Platelet-rich thrombus formation on devices used during the procedure

●   In  an  MRI  study  of  thromboembolic  events  associated  with 

endovascular  treatment  of  basilar  apex  aneurysms,  a  majority  of 

diffusion-weighted  imaging  lesions  were  found  to  be  in  arterial 

territories proximal to the aneurysm, indicating that most thrombi 

arose from catheters, wires, and balloons.36

(b)  Thrombus  formation  at  the  anode  (coil)  during  electrolytic  GDC 

 detachment.37

(c)  Slowing of flow in the parent vessel caused by vasospasm or occlusion by 

the guide catheter.
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Fig. 5.12 Contrast extravasation on CT. A head CT done immediately after (left) and one 

 

day after (right) a re-rupture of a posterior communicating artery aneurysm during coil-

ing. The presence of contrast created the appearance of more blood in the subarachnoid 

space than there actually was; the contrast in the subarachnoid space typically clears 

within a day. This particular patient was discharged from the hospital neurologically intact.

 

(d)  Risk factors:

Wide-necked aneurysms 38–40 Balloon-assisted coiling technique 41 Loops of coil protruding into the parent vessel42.

2.  Frequency

(a)  Symptomatic thromboembolism: 2–8% of cases 2, 38, 39, 42–44

●   Majority of neurological complications due to thromboembolism are 

transient39, 41

(b)  “Asymptomatic” thromboembolism (evident on MRI): 28–61% 39, 41, 45 (c)  Thrombus was identified at the coil-parent artery interface (i.e., at the 

neck of the aneurysm during coiling) in 4.3% of cases.40

3.  Avoidance

(a)  Continuous flushing of all catheters with heparinized saline and meticu-

lous attention to keeping all devices clear of bubbles and clot.

(b)  Measures to prevent stasis of flow around the guide catheter

●   Adjust  catheter  position  if  guide  catheter-induced  vasospasm 

around the catheter is flow-limiting.

(c)  Systemic anticoagulation with heparin. Although many operators under-

take routine anticoagulation with IV heparin during aneurysm coiling, 

the data to support its use is lacking.

(d)  Prophylactic aspirin. Some operators routinely place patients on aspirin 

prior  to  coiling  procedures.4  In  a  review,  Qureshi  and  colleagues  found a  lower  incidence  of  thromboembolic  events  in  patients  treated  concur-

rently  with  aspirin  (6.4%)  compared  to  patients  who  did  not  receive 

aspirin (8.9%). 2

4.  Management

(a)  Recognition is the first step: Guide catheter angiograms should be done 

frequently to monitor for evidence of thrombosis, such as a filling-defect 

within the parent vessel adjacent to the aneurysm neck, or vessel drop-

out.

(b)  Most  thrombotic  material  that  appears  during  coiling,  is  likely  to  be 

platelet-rich; therefore, anti-platelet therapy is the first approach.

●                          46                     −1                                                                     −1 Abciximab  0.25 mg  kg  IV  rapid  bolus  followed  by  125 mcg  kg

min −1                                               −1 infusion (to a maximum of 10 mg min) for 12 h.

– Caution:  Partial  dosing  of  Abciximab  should  be  avoided.  The 

authors  recommend  use  of  a  full  loading  dose  followed  by  IV 
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 infusion  for  12 h,  unless  the  threat  of  hemorrhagic  complica-

tions  is  prohibitive.  Experimental  data  and  evidence  from  the 

interventional  cardiology  literature  have  identified  a  paradoxical 

drug-induced platelet activation effect with lower levels of platelet 

inhibition with abciximab, and a corresponding increase in throm-

botic  complications.47–49  In  fact,  the  authors  have  observed  two aneurysm coiling cases in which intra-arterial thrombosis seemed 

to worsen after partial doses of abciximab were given.

●   A 2 mm diameter Amplatz Goose Neck microsnare (Microvena, 

White Bear Lake, MN) can be used to retrieve the thrombus,50 or break it up, to increase the surface area of the thrombus to 

be exposed to the antiplatelet agent.

(c)  Thrombolytic  agents  are  associated  with  a  risk  of  significant  hemor-

rhage,  particularly  during  the  treatment  of  ruptured  aneurysms,51  and should be avoided.

5.3.2.4.      Coil dislodgement or embolization

1.  Mechanism


(a)  Unstable or malpositioned coil.

(b)  Wide-necked aneurysms appear to be at the greatest risk for this compli-

cation.

2.  Frequency

(a)  Uncommon - 0.5% of cases in one recent series.28

3.  Avoidance

(a)  Meticulous  coiling  technique,  use  of  adjunctive  techniques  for  wide-

necked aneurysms, such as stent-assisted or balloon-assisted coiling.

4.  Management

(a)  Various devices can be used to retrieve lost coils

●   2  or  4 mm  diameter  Amplatz  Goose  Neck  microsnare  (Microvena, 

White Bear Lake, MN)

●   The  Alligator  Retrieval  Device  (Chestnut  Medical  Technologies, 

Menlo Park, CA)52.

●      Micro Elite snare (Vascular Solutions, Minneapolis, MN) ●      The Merci Retriever device (Concentric Medical, Mountain View, ®

CA)

(b)  Coil extraction report.53

5.3.2.5.      Coil stretching

1.  Mechanism

(a)  A  distal  portion  of  the  coil  becomes  trapped  inside  the  aneurysm,  and 

attempted withdrawal of the coil results in stretching of the coil. Trapping 

of a coil can occur when a part of the coil become ensnared in the aneu-

rysm coil mass, jammed between the coil mass and the aneurysm dome, 

or hooked on a stent. Trapping can also occur if the microcatheter comes 

out  of  the  aneurysm,  and  cannot  be  repositioned  inside  the  aneurysm, 

after most of the coil has been deployed. Sugiu and colleagues distinguish 

between  “stretching”  of  the  coil,  in  which  the  distal  part  of  the  coil  is 

trapped and the coil is only slightly elongated, and “unraveling,” in which 

the coil is elongated for some distance and is uncontrollable.54

2.  Frequency

(a)  Uncommon. Reports from the dawn of the coiling era (i.e., the mid 1990s) 

described coil unraveling in 2% or less of cases. 55

3.  Avoidance

(a)  During  deployment  of  a  coil,  do  not  allow  any  part  of  the  coil  to  pass 

between the existing coil mass and the dome of the aneurysm.

(b)  Do  not  “force”  the  coil;  if  coil  resistance  increases  significantly  during 

deployment, try withdrawing the coil by a small amount and re-deploy-

ing, change the position of the microcatheter tip, or try a different coil.

4.  Management

(a)  First step: Prompt recognition that the coil is trapped; avoid stretching 

the coil any further than it has already been stretched. A “stretched” 

-  but  not  “unraveled”  -  coil  can  still  be  deployed  with  the  following 

techniques:
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Fig. 5.13 Stent salvage of extruded coil loops. During coiling of a posterior communicating 

 

artery aneurysm, loops of coil prolapsed into the adjacent ICA (left). A Neuroform stent was deployed across the neck of the aneurysm (right); the extruded coil loops were pushed 

back into the aneurysm by the stent. The stent markers can be seen within the ICA.

 

●                   56 Stent placement. A Neuroform stent can be used to trap a segment 

of coil that cannot be advanced into the aneurysm (Fig. 5.13).

● “Rescue balloon procedure.” A non-detachable balloon is positioned 

adjacent to the aneurysm neck, and using balloon-assisted coiling 

technique, the remaining segment of the coil can be advanced into 

the aneurysm.54

(b)  When  a  coil  becomes  unraveled  to  the  point  that  it  can  no  longer  be 

advanced  or  withdrawn,  the  unraveled,  elongated  coil  can  extend  for  a 

long distance (1–2 meters or more). Three salvage maneuvers:

●      “Monorail  snare  technique”.  Fiorella  and  colleagues  described 57

the  use  of  a  microsnare  to  grasp  and  withdraw  a  stretched  coil 

(Fig. 5.14).

●   The elongated portion of coil can be withdrawn from the parent ves-

sel and secured in an extracranial vessel. For example, if aneurysm 

is in the anterior circulation, the unraveled segment can be placed 

in  the  external  carotid  artery,  where  antegrade  flow  will  stabi-

lize  the  coil  and  prevent  it  from  embolizing  into  the  intracranial 

circulation.  The  axillary  artery  can  be  used  in  the  same  way  for 

posterior circulation aneurysms.

●   The elongated portion of coil can be withdrawn all the way to the 

femoral artery, and secured there.

5.3.2.6.     Vessel dissection

1.  Mechanism: Wire or guide catheter-induced injury to intima.

2.  Frequency

(a)  0.6% - 3.6% of cases.27, 28, 43 (b) Vertebral artery dissections seem to be more common than carotid dis-

sections.

(c)  This complication is probably under-reported, as many operators do not 

do routine surveillance angiograms of the access vessel (i.e., the cervical 

carotid or vertebral artery) at the completion of the case, and therefore 

do not identify asymptomatic dissections.

3.  Avoidance

(a)  Take  steps  to  minimize  intimal  trauma  (see Guide  catheter  placement 

technique above).

4.  Management

(a)  Always do a guide catheter angiogram of the access vessel at the end of 

the case.
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Fig. 5.14 Microsnare technique for retrieval of a stretched coil. A 2-mm Amplatz Goose 

 

Neck microsnare (Microvena Corp., White Bear Lake, MN) is placed through a second 

microcatheter. The hub of the indwelling microcatheter is then cut away with a scalpel, 

leaving the coil pusher wire intact, and removed. The open snare is then advanced over 

the outside of the microcatheter containing the pusher wire (upper left). The snare and 

second microcatheter are then advanced into the guide catheter over the indwelling 

microcatheter until the snare is in position, past the first microcatheter, to engage the 

unstretched portion of the coil (upper right). The snare can then be pulled back to grasp 

the coil, and both microcatheters can be removed, as a unit, to remove the coil (lower).

(b)  Antiplatelet  therapy  is  usually  sufficient;  aspirin  325 mg  suppository 

during or after the procedure, then PO daily. Add a second antiplatelet 

agent if possible (e.g., clopidogrel 75 mg PO daily).

(c)  Consider  anticoagulation  with  IV  heparin,  in  addition  to  antiplatelet 

therapy, if the dissection is flow-limiting and carries a risk of thrombosis.

(d)  Consider  placing  a  stent  across  the  lesion  if  it  becomes  necessary  to 

continue to work in the affected vessel, or if further access through that 

vessel is anticipated.

(e)  Follow-up imaging should be done in 3–6 months (or at same time as the 

routine  post-coiling  angiogram  is  done.  Most  dissections  treated  with 

antiplatelet therapy will heal within 3–6 months.

5.3.2.7.      Aneurysm recurrence

1.  Aneurysm recurrence is defined as recanalization of the aneurysm on follow-up 

imaging,  necessitating  additional  treatment  of  the  aneurysm.  Although  aneu-

rysm recurrence is generally not a procedural risk, it is a potential complication 

and should be discussed with the patient during the informed consent process.

2.  Mechanism

(a)  Coil mass compaction – thought to be the most common cause of aneu-

rysm recurrence

(b)  Growth of aneurysm neck or dome

3.  Frequency

(a)  UCLA series: Overall rate of aneurysm recanalization (defined as > 10% 

increase in contrast filling of the aneurysm compared to the immediate 

post-procedure  angiogram),  20.9%  over  a  mean  angiographic  follow-up 

period of 11 months 28

(b)  Montreal  series:  “Major  recurrence”  (defined  as  a  recurrence  that  is 

saccular  and  would  permit  re-treatment  with  coils),  20.7%  at  a  mean 

angiographic follow-up of 16.49 months.58
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(c)  15%.43  Twelve  (16%)  other  restudied  patients  have  been  found  to  have 

significant residual aneurysm or coil compaction/regrowth at the neck.44

(d)  Systematic review, posterior circulation: 22.2%.27

4.  Avoidance

(a)  “Tight packing of the aneurysm”

(b)  “Bioactive” coils – unproven.

5.  Management

(a)  Repeat coiling procedure59 or surgery.

 

5.4.        Parent vessel sacrifice

 

5.4.1.       Indications and contraindications

 

5.4.1.1.      General indications

1.  Large or giant aneurysms that cannot be readily treated without sacrificing the 

adjacent parent vessel.

2.  Some cavernous segment aneurysms.

3.  Arteriovenous fistulas

E.g., direct carotid-cavernous fistulas

4.  Vascular neoplasms

5.  Traumatic injury

5.4.1.2.      Relative contraindications

1.  Failure of balloon test occlusion (discussed in Chap. 6).

2.  Existence of alternative strategies to treat the lesion while preserving the flow 

in the parent vessel.

 

5.4.2.       Endovascular technique

The key step in the sacrifice of a large vessel, such as the ICA or the vertebral 

artery,  is  the  temporary  proximal  flow  arrest,  to  prevent  inadvertent  embolization into the cerebral vasculature during the procedure. In general, the vessel should be occluded either at, or immediately proximal to the lesion. Vessel occlusion can be done with either detachable coils or detachable balloons. Although detachable balloons are not commercially available in the US at the present time, they are available in Europe and Japan.

5.4.2.1.      Patient preparation and vascular access

1.  Adequate  collateral  circulation  should  be  demonstrated  by  balloon  test  occlu-

sion (Chap. 6).

(a)  Alternatively, if surgical bypass is planned, then endovascular sacrifice 

should  follow  the  surgical  procedure  promptly,  to  minimize  the  risk  of 

graft thrombosis due to low flow.

2.  Guide catheter access to the parent vessel is established.

(a)  Single  6  French  90 cm  sheath  has  an  inner  diameter  large  enough  to 

accommodate two microcatheters.

●     Shuttle –SL Flexor Tuohy-Borst Side-Arm Introducer Set (Cook ®            ®

Inc., Bloomington, IN).

(b)  Alternatively, two 5 French or 6 French guide catheters can be used.

●     Drawback: requires puncturing both femoral arteries.

3.  A loading dose of IV heparin is given (70 U kg−1) and 5 min later, a 5 mL speci-

men of blood for an activated clotting time (ACT) is drawn from the sheath. The 

ACT should be kept between 250 and 300 s for the duration of the procedure.
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1.  Under roadmap guidance, the microcatheter to be used for coil deployment is 

positioned in the vessel where occlusion is planned.

2.  A non-detachable balloon is positioned in the proximal segment of the vessel.

(a)  Options:

●                         ® HyperForm balloon (ev3, Irvine, CA) ●     Guardwire balloon (Medtronic AVE, Santa Rosa, CA) ®

3.  A roadmap is made.

4.  The balloon is inflated, and the temporary flow arrest is confirmed with gentle 

injection of contrast through the guide catheter under fluoroscopy.

5.  The first coil is deployed.

(a)  18-system 3-D coils with a diameter about twice the diameter of the ves-

sel, are usually effective.

(b)  Prior to detachment, the balloon is briefly deflated to confirm that the 

first coil is stable. If there is no movement of the first coil with restora-

tion of flow, the balloon is re-inflated and the first coil is detached.

6.  Additional coils are deployed as necessary, to achieve tight packing of the vessel 

for several cm.

7.  The balloon is then deflated and final angiographic images are obtained.

 

5.4.2.3.      Detachable balloon embolization

The  Goldvalve™  balloon  (Acta  Vascular,  Santa  Clara,  CA),  is  available  in  most 

of  the  world  outside  of  the  United  States,  and  the  vendor  is  working  on  obtaining approval for the North American market. Balloons are quicker than coils in achieving complete stasis of flow, but require a little more preparation. Occlusion of an artery with  detachable  balloons  should  always  be  undertaken  with  two  balloons,  placed  end-to-end,  with  the  proximal  balloon  functioning  as  a  “safety”  balloon  to  minimize the chance of distal migration of the balloons.

1.  A large guide catheter is required, often 7 or 8 French (or use a 6 or 7 French, 

90 cm sheath).

2.  Choose a balloon size that is slightly larger than the diameter of the vessel to 

be occluded.

3.  Prepare  two  balloons  according  to  the  manufacturer’s  recommendations. 

Usually,  the  balloon  valve  should  be  tested  using  sterile  water,  as  saline  or 

contrast can potentially gum up the valve.

4.  Attach  the  balloons  to  their  recommended  delivery  catheters.  The  company’s 

Mini-torquer  works  well.  You  can  also  use  an  extended  tip  Tracker  catheter 

(Boston  Scientific,  Natick,  MA).  The  catheters  should  be  prefilled  with  dilute 

contrast.

5.  Be careful not to damage the balloon or valve as you place it on the catheter.

6.  Attach an RHV to the balloon catheter, and a one-way stopcock or FloSwitch™

(BD Medical, Franklin Lakes, NJ) to the RHV. Fill the entire system with 50:50 

dilute contrast.

7.  If  the  guide  catheter  is  large  enough,  it  is  preferable  to  advance  the  two  bal-

loons  simultaneously  through  the  guide  catheter  and  into  the  vessel,  to  limit 

the risk of premature detachment.

8.  Ideally, the balloons should be positioned in a relatively straight segment. They 

will be less likely to move forward or backward than if they are placed within a 

curve or at a branch point.

9.  Avoid inflating balloons next to a calcified atherosclerotic plaque. The calcium 

can puncture and deflate the balloon.

10.  When the balloons are in proper position, inflate the balloons with contrast. If 

they are properly sized, they will flatten out and elongate as they are inflated.

11.  Do not exceed the recommended maximum inflation volume of the balloon.

12. Leave the balloons inflated in place for a while, even if a balloon test occlusion 

has  already  been  done.  Observation  for  several  minutes  prior  to  detachment, 

will help ensure that the balloons are stable in that position.

13. When the balloon position and stability appears to be satisfactory, detach the 

distal balloon by slowly, gently pulling back on the balloon catheter. If the bal-

loon doesn’t want to detach, gently pull back against the more proximal balloon 

to allow it to detach off its catheter.

14.  When the balloon detaches, remove its catheter.
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15. Watch  the  balloon  for  a  few  minutes  to  ensure  that  it  stays  inflated  and  in 

 position.

16.  The proximal balloon is then detached.

17.  If the balloon will not easily detach by pulling on its delivery catheter or looks 

like it is sliding back proximally, you can try gently advancing the guide catheter 

so that, it is just proximal to the balloon. This will stabilize the balloon as the 

delivery catheter is pulled back. Alternatively, a non-detachable balloon may be 

advanced to just below the safety balloon, and inflated to stabilize the balloon.

18. Another  option  to  facilitate  balloon  detachment  is  to  have  a  4  or  5  French 

catheter in a coaxial position over the delivery catheter prior to detachment of 

the balloon. This greatly facilitates balloon detachment, as the balloon can be 

stabilized  with  the  coaxial  catheter.  However,  this  technique  makes  it  nearly 

impossible to use two catheter systems in one guiding catheter. Therefore, both 

femoral arteries should be used, with two separate guide catheters, to simulta-

neously place two balloons.

19. In some cases, an experienced operator can then detach two balloons sequen-

tially through a single guide catheter.

20. It is never a good policy to count on just one balloon to occlude a vessel. Valves 

can fail and balloons deflate and migrate. Silicone balloons can migrate distally, 

even if fully inflated, although the latex Goldvalve™ is less likely to do so.
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6.1.        Introduction

 

Provocative testing in the field of neuroendovascular therapy consists of a number 

of  procedures  that  attempt  to  predict  what,  if  any,  clinical  deficit  would  result  from the occlusion of some vessel or resection of the territory supplied by that vessel. The provocative testing may be mechanical, in which a vessel is temporarily occluded, usu-ally using a balloon, or pharmacologically, in which an agent is injected to temporarily anesthetize  and  inactivate  a  neuroanatomical  territory  in  the  brain,  spinal  cord,  or a  nerve.  When  the  provocative  test  is  being  done,  the  patient  is  examined  to  check for  new  neurological  deficits  that  may  result  from  either  the  lack  of  blood  flow  to  a vascular territory in the case of balloon test occlusion, or an anesthetic infusion into the neural tissue supplied by the vessel being tested pharmacologically. These proce-dures may be done as a diagnostic procedure preoperatively, or may be done as part of a therapeutic endovascular procedure to ensure the safety of occluding a vessel by endovascular means. This chapter focuses on arterial procedures. The reader is invited to consult Chap. 12 in this book for additional information on similar topics on veins.

 

6.2.        Mechanical provocative testing: 

Balloon test occlusion

 

6.2.1.       Background

Temporary occlusion of a vessel has been shown to be a safe, predictable way to 

estimate the effect of permanent vascular occlusion. Test occlusion is done to predict whether occlusion of the vessel will have negative hemodynamic consequences, which can  result  in  ischemic  injury  to  neural  tissue  and  result  in  a  permanent  functional deficit. The notion of temporarily occluding a vessel to predict the functional effects was reported by Matas1 in the early years of the twentieth century, and therefore, the test  occlusion  procedure  is  sometimes  referred  to  as  the  Matas  test.2  The  use  of  an endovascular balloon allows for reversible occlusion of the vessel in a predictable fash-ion. Occlusion is confirmed angiographically during the procedure. As it is done via an endovascular approach, the patient can be systemically heparinized to prevent throm-botic complications of the procedure. Balloon test occlusion is generally performed in a preoperative setting when it is anticipated that one of the vessels supplying the brain might need to be occluded and resected due to tumor invasion, and involvement with a vascular lesion is in the anticipated path of a surgical approach to another lesion.

However,  there  are  conditions  that  must  be  met  to  ensure  the  reliability  of  the 

test occlusion results. First, the vessel being occluded must be at the proper site and level  to  simulate  the  anticipated  permanent  occlusion.  One  must  be  careful  to  test occlude beyond any potential collateral vessels that may still provide flow to the brain during the test, yet may be lost after more distal permanent occlusion. In the carotid circulation,  more  than  half  the  population  has  angiographically  apparent  branches of the proximal intracranial carotid that can be a pathway for collateral flow to the brain, during a test occlusion in the cervical carotid.3 The ophthalmic artery is also a significant collateral pathway in many patients and some patients who pass a test occlusion  with  a  balloon  proximal  to  the  ophthalmic,  may  fail  when  the  balloon  is placed at the level of the ophthalmic, occluding the collateral flow via that vessel.4 A simple rule of thumb is to perform a test occlusion of a vessel with balloon inflation at the same level as the anticipated permanent occlusion.

Another  condition  is  that  the  test  should  reliably  predict  neurological  conse-

quences of the vascular occlusion. Temporary occlusion of a vessel could sufficiently 

 

PROVOCATIVE TESTING                                       6.2. Mechanical provocative testing: Balloon test occlusion                   179 lower  the  blood  flow  to  an  eloquent  neuroanatomic  region,  so  that  a  demonstrable neurological  deficit  occurs.  The  situation  is  simple  if  the  test  is  abnormal,  and  the patient exhibits a neurological deficit during the test: it is very likely that the patient would suffer some hemodynamic ischemic injury due to permanent occlusion of that vessel.  It  may  not  be  universally  true  that  a  permanent  deficit  would  be  expected, thanks to the potential for collateral enlargement after occlusion, and also even when neural tissue is damaged, there is some potential for plasticity in the nervous system to allow for restoration of function. However, it is not a wise policy to ignore a positive test that produces a deficit, as more often than not, it does predict that something bad will happen if that vessel is permanently occluded. More problematic is the situation in which no deficit occurs during the test occlusion. Does this imply that the patient will  never  have  an  ischemic  problem  from  permanent  occlusion  of  the  vessel,  or  is there a potential for false negative test occlusions?

Carotid test occlusion is performed relatively frequently, and experience with the 

procedure has shown the predictive power of the test. Linskey, et al.5 made a systematic review of 254 patients in five studies in which an internal carotid was therapeutically sacrificed without a test occlusion and found an average stroke rate of 26%, and mortal-ity of 12%. This contrasted with their review of 262 patients in eight studies in which the  internal  carotid  was  occluded  after  performing  a  test  occlusion  with  an  average stroke rate of 13% and mortality of 3%. This reduction in stroke and death rate reached statistical  significance.  The  strokes  and  death  that  may  occur  when  the  carotid  is occluded, based on the results of a test occlusion procedure, indicate that the test occlu-sion is an imperfect predictor with a significant false negative rate. Adjunctive testing was therefore added to the clinical test, to reduce the chances of a false negative test occlusion. The theory behind these tests is that, occlusion of the carotid or other vessels may produce a drop in blood flow that puts the patient at risk for stroke, yet not enough to result in detectable neurological dysfunction during a trial occlusion for a reasonable period of time. These adjunctive tests look for subtle signs of neurological dysfunction or look for the effects of the vessel occlusion on blood flow to the target territory.

 

6.2.2.  Adjunctive tests of neurological function

●                                                6–10 Hypotensive challenge Lowering the blood pressure magnifies the hemody-

namic  effect  of  vascular  occlusion,  making  it  more  likely  that  a  neurological 

deficit  would  occur  in  the  case  of  limited  collateral  flow.  When  the  carotid  is 

occluded,  and  no  deficit  occurs  in  a  normotensive  patient,  the  blood  pressure 

is  pharmacologically  lowered  to  a  target  pressure  (e.g.  66%  of  mean  baseline 

pressure6), or until the patient develops a focal neurological deficit or becomes too nauseated and uncomfortable to allow adequate clinical assessment. Agents 

that can be used for lowering blood pressure should be fast-acting and quickly 

reversible, such as nitroprusside or esmolol.

Advantages: Cheap and easy to perform. Does not require moving the patient 

from the angiography suite.

Disadvantages:  Patients  often  get  severe  headaches  and  nausea.  A  small 

series10 had 15% false negative rate, which is no better than just a clinical test occlusion.

●                                                       9, 11, 12 Neuropsychological testing In addition to simple neurological testing dur-

ing  temporary  vessel  occlusion,  a  battery  of  standardized  neuropsychological 

tests are given to test higher cortical functions.

Advantages: Cheap and easy to perform. Can be performed in the angiography 

suite. Standardized tests of higher cortical function can detect subtle signs of 

neurological dysfunction, even if the patient does not have an apparent motor 

or sensory deficit. 12

Disadvantages: Requires skilled personnel to administer testing in an accurate 

and  consistent  manner.  Limited  experience  with  this  adjunctive  test  at  most 

centers. Unproven accuracy.

●                                                                  13,14 Electroencephalography  (EEG)  Continuous  EEG  monitoring  is  done 

throughout the procedure. Slowing or other deviations from baseline conditions 

can be secondary signs of developing ischemia.

Advantages:  Does  not  require  moving  patient  with  the  balloon  in  place.  Can 

still  be  done  with  patients  under  light  general  anesthesia.  Monitored  results 

can be recorded and examined carefully at a later time, to look for changes cor-

responding to events during the procedure.
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Disadvantages: Adds cost and complexity to the procedure. Requires preplace-

ment of EEG leads prior to starting the procedure. Requires skilled personnel 

to monitor the readings. Careful neurological testing will almost always reveal 

a  deficit  when  EEG  changes  are  present,  making  the  use  of  this  modality 

redundant when the patient is awake and can be tested neurologically.

●                                                                                 15, 16 Somatosensory evoked potentials (SSEP) EEG electrodes are attached and 

electrical stimulation of a peripheral nerve (usually the median nerve) contral-

ateral to the hemisphere being tested, is performed. The cortical responses are 

recorded and the timing and amplitude of the response indicates cortical func-

tion. Testing is done prior to and following balloon inflation.

Advantages: Does not require moving the patient with the balloon in place. Can 

still be done with patients under light general anesthesia. Monitoring results 

can be recorded and examined carefully at a later time to look for changes cor-

responding to events during the procedure.

Disadvantages: Adds cost and complexity to the procedure. Requires preplace-

ment of EEG leads and nerve stimulation leads prior to starting the procedure. 

Stimulation of the nerve can be uncomfortable and distracting to the patient. 

Results  may  be  difficult  to  interpret  in  the  setting  of  underlying  spinal  or 

peripheral nerve disease. Requires skilled personnel to monitor the readings. 

Unproven value compared to standard neurological testing.

●      Cerebral  Oximetry       Commercially  available  cerebral  oximeter,  such  as 17,  18

INVOS®  (Somanetics,  Troy,  MI)  can  be  applied  to  the  forehead  and  allows measurement of frontal lobe oxygenation.

Advantages:  Does  not  require  movement  of  the  patient  with  the  balloon  in 

place. Seems to correlate with neurological deficits and SPECT imaging.17 Disadvantages:  Gives  only  a  limited  evaluation  of  frontal  lobe  oxygenation. 

Results  can  be  affected  by  underlying  brain  pathology.  Unproven  sensitivity 

and specificity.

 

6.2.3.       Adjunctive tests of blood flow

●      Back-pressure (“stump-pressure”).     Blood pressure is measured through the 19, 20

end-hole  of  the  catheter  distal  to  the  site  of  balloon  occlusion.  The  absolute 

value of the back pressure or better yet, minimum mean back pressure to mean 

systemic pressure ratio, can be recorded. A ratio of 60% or greater is thought to 

indicate good collateral flow and predicts tolerance to occlusion.21 Advantages: Quick and easy. Does not require moving the patient with the bal-

loon in place.

Disadvantages:  Requires  the  use  of  a  double  lumen  balloon  catheter,  with  a 

central lumen for a guidewire or pressure measurements, and another lumen 

for inflating and deflating the balloon. Stump pressure fluctuates over time as 

the balloon is inflated and may not absolutely correlate with Xenon-CT data.19 Back-pressure readings can be affected if the balloon catheter is in a curve and 

the end-hole of the catheter kinks or presses against the vessel wall.

●                                            22, 23 Angiographic control This allows a qualitative or semiquantitative assess-

ment  of  brain  blood  flow  and  potential  collateral  circulation  to  the  occluded 

vascular  territory.  It  has  been  shown  that  a  posterior  communicating  artery 

less than 1 mm in diameter is a risk factor for subsequent stroke in the setting 

of carotid occlusion.24 Similarly, the absence of a functional anterior communi-cating artery is associated with hemodynamic stroke after carotid occlusion.25 Semiquantitative  assessments  consist  of  looking  for  synchronous  filling  of 

cortical veins when performing angiography of the contralateral carotid or ver-

tebral during trial occlusion of a carotid, and measuring the difference between 

hemispheres in the time it takes to achieve venous filling.22, 23 This is a rough approximation of differences in mean transit time between the hemispheres.

Advantages: Easily done. Does not require moving the patient with the balloon 

in  place.  Can  limit  the  time  the  balloon  needs  to  be  inflated.  Can  be  done  in 

patients who are under general anesthesia.

Disadvantages:  Requires  placement  of  multiple  catheters  to  obtain  arte-

riograms  of  contralateral  carotid  and  vertebral  arteries  while  the  balloon 

is  inflated.  This  then  requires  bilateral  groin  punctures  or  the  use  of  a 

GuardWire® (Medtronic Vascular, Santa Rosa, CA) balloon wire and diagnostic 

 

PROVOCATIVE TESTING                                       6.2. Mechanical provocative testing: Balloon test occlusion                  181 catheter placed via the same femoral sheath (as discussed below). Results are 

somewhat subjective. Insufficient data to determine the accuracy compared to 

more direct measurements of blood flow.

●                                                          26–28 Transcranial Doppler (TCD) Sonographic evaluation of the middle cerebral 

artery is obtained before and after balloon inflation. Mean blood flow velocity 

and pulsatility index that do not decrease more than 30% are highly predictive 

of tolerance to carotid occlusion.27 Advantages: Does not require moving patient with the balloon in place. Can be 

done in patients under general anesthesia.

Disadvantages: Adds cost and complexity to the procedure. Visualization of the 

intracranial vessels can be time consuming and can distract from examination 

of the patient. Results may be difficult to interpret in the setting of underlying 

vascular disease. Requires skilled personnel to perform the study, and results 

can be operator-dependant. Unproven value compared to standard neurological 

testing.

●                                          29 Xenon  133  imaging  Radioactive  Xenon  is  administered  while  the  carotid  is 

occluded and the patient’s brain is imaged with a detector, and blood flow data 

calculated.

Advantages: Can provide quantitative blood flow data.

Disadvantages: Gives only whole-brain images, so only gross side-to-side differ-

ences are visible. Use of the radioactive xenon is cumbersome.

●                         5, 30 Xenon CT Dynamic CT imaging is done as the patient inhales Xenon gas. 

Scans are obtained without balloon inflation to determine base-line flow, and 

the study is repeated with balloon inflation to determine the effect of occlusion 

on  blood  flow.  Can  also  be  done  with  acetazolamide  injection  during  balloon 

inflation to evaluate for the presence of vascular reserve.

Advantages: Provides accurate blood flow data reliably. The hardware used for 

the  Xenon  delivery  is  compatible  with  most  commercially  available  CT  scan-

ners. Can do repeated scans to allow scans with and without balloon inflation, 

and also after acetazolamide.

Disadvantages:  May  require  moving  a  patient  into  the  CT  scanner  with  the 

balloon in place. (On the other hand, the scanning may be done without patient 

transfer if the angiography and balloon placement is done on the CT scanner 

table using a portable C-arm.31) Xenon gas is not FDA approved, and therefore currently requires an Investigational Drug Exemption (IDE) and all the associ-

ated paperwork. The hardware for delivering the gas and software for the CT 

computations require experienced personnel to obtain good studies. Xenon gas 

can produce euphoria, agitation, and/or nausea in patients, making it difficult 

to avoid patient motion, which greatly affects accuracy. Produces images of only 

a limited area of the brain.

●      CT perfusion Dynamic CT imaging with a bolus of intravenous contrast, and 32

postprocessing  can  provide  blood  flow,  blood  volume  and  mean-transit  time. 

Scans are obtained without balloon inflation to determine base-line flow, and 

the study is repeated with balloon inflation to determine the effect of occlusion 

on  blood  flow.  Can  also  be  done  with  acetazolamide  injection  during  balloon 

inflation, to evaluate the presence of vascular reserve.

Advantages: Readily available on most CT scanners. Quick, easy. Uses stand-

ard iodinated contrast used for any intravenous contrast-enhanced scan. Blood 

flow  data  has  been  validated  by  Xenon-CT.33  Can  do  repeated  scans  to  allow scans with and without balloon inflation and also after acetazolamide.

Disadvantages:  May  require  moving  a  patient  into  the  CT  scanner  with  the 

balloon  in  place.  Requires  large-bore  intravenous  access.  Multiple  perfusion 

studies can add to the amount of iodinated contrast given. Produces images of 

only a limited section of the brain.

●      PET Short acting, radioactive tracers such as [ O] H O are administered and 34                                                   15

2

PET  scanning  done.  Postprocessing  allows  blood  flow  calculation.  Scans  are 

obtained without balloon inflation to determine base-line flow, and the study 

is repeated with balloon inflation to determine the effect of occlusion on blood 

flow. Can also be done with acetazolamide injection during balloon inflation, to 

evaluate for the presence of vascular reserve.

Advantages:  Can  give  accurate  quantitative  blood  flow  data.  Can  image  the 

entire brain, allowing for visualization of secondary signs of impaired cerebral 

blood flow, such as crossed cerebellar diaschisis.35 Crossed cerebellar diaschisis is  a  reflexive  drop  in  blood  flow  to  the  contralateral  cerebellar  hemisphere, 
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when a substantial drop in blood flow to a cerebral hemisphere occurs. Can do 

repeated scans to allow scans with and without balloon inflation and also after 

acetazolamide.

Disadvantages:  Requires  moving  the  patient  to  the  PET  scanner  with  the 

balloon in place. PET scanners are not universally available. Requires imme-

diate  access  to  a  cyclotron  for  making  the  radiotracer,  such  as  [15O]  H O, 

2

which has a very, very short half-life. Cyclotrons are even more scarce than 

PET scanners. To allow for quantitative blood flow measurements, requires 

an  arterial  access  such  as  a  larger  diameter  femoral  sheath  or  a  separate 

radial arterial line.

●      Single-photon  emission  computed  tomography  (SPECT)      99 mTechnicium-36–39

HMPAO  is  injected  intravenously  approximately  5 min  after  the  balloon  is 

inflated, and the radioactive tracer deposits in the brain in quantities propor-

tional to the regional blood flow. After the test occlusion is completed, SPECT 

scanning shows activity from the tracer, and asymmetry is detected qualitative 

by  visual  inspection  of  the  scan  and  by  measuring  the  number  of  radioactive 

counts in each region of interest.

Advantages: Quick and easy. The imaging can be done after the procedure 

is  completed,  so  there  is  no  need  to  transport  the  patient  with  a  balloon 

in  the  vessel.  Can  image  the  entire  brain,  allowing  for  visualization  of 

secondary signs of impaired cerebral blood f low, such as crossed cerebellar 

diaschisis.40, 41

Disadvantages:  Does  not  allow  for  accurate  quantitative  measurement  of  cer-

ebral  blood  flow.  Reliance  on  asymmetry  without  absolute  values  of  cerebral 

blood  flow  can  result  in  significant  false  positive  and  false  negative  results.42 Scans  obtained  with  the  balloon  inflated  and  deflated  cannot  be  obtained 

immediately one after the other.

●                                                                         43,  44 Magnetic  resonance  (MR)  perfusion  Diffusion-weighted  scans,  perfusion 

imaging with a bolus of intravenous gadolinium contrast, and postcontrast T1 

weighted  and  FLAIR  imaging  are  performed  prior  to  and  following  the  bal-

loon  inflation.  The  diffusion  and  postcontrast  scans  are  observed  for  signs  of 

ischemia with the balloon inflated. Calculation of cerebral blood volume, mean 

transit time and blood flow can be done on a computer workstation using the 

MR perfusion data.

Advantages: Does not add to the iodinated contrast given to the patient. Can 

image the entire brain.

Disadvantages:  Requires  MR  compatible  balloon  catheters  and  patient  moni-

toring leads. Unless one has a combined MR and angiographic interventional 

suite,  requires  transfer  of  patient  while  the  balloon  is  in  place.  Quantitative 

blood flow data is of uncertain validity. Significance of any changes on diffusion 

imaging or postcontrast scans is uncertain.

●                                              45,  46 Computer  simulation  Proprietary  software  allows  computer  modeling  of 

blood flow in the intracranial circulation using data from MR and digital sub-

traction angiography imaging.

Advantages:  A  small  series  showed  computer  flow  modeling  showing  greater 

than  20%  drop  in  flow  in  the  M1  segment  and  A3  segment  during  carotid 

occlusion,  accurately  predicted  the  patients  who  developed  clinical  symptoms 

during  test  occlusion.46  May  theoretically  replace  the  invasive  test  occlusion procedure.

Disadvantages: Unproven efficacy.

The  bottom  line  on  adjunctive  tests:  Nothing  is  perfect.  The  authors  recom-mend at least one, and preferably two adjunctive tests added to the clinical test, usu-ally angiographic analysis plus a blood flow imaging test.

 

6.2.4.       Indications for test occlusion

To determine the potential safety of occluding a vascular structure, prior to an 

anticipated temporary, or permanent occlusion as treatment for:

1.  Frank hemorrhage

2.  Aneurysm

3.  Arteriovenous malformation

4.  Arteriovenous fistula

5.  Tumors involving a vascular structure
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Informed consent prior to the procedure should include an estimate of the risk 

of complications.

6.2.5.1.      Neurological complications

1.  There  is  a  risk  of  thrombosis  of  the  structures  catheterized,  with  resultant 

stroke. A Pittsburg series of 500 carotid test occlusions had 1.6% symptomatic 

neurological complications, of which two (0.4%) were permanent.30

2.  Dissection  of  the  target  vessel  may  occur, 6  possibly  with  resultant  pseudoan-

eurysm.  Dissection  was  found  in  1.2%  and  pseudoaneurysm  in  0.2%  in  the 

Pittsburg series.30

3.  Overly  aggressive  balloon  inflation  in  intracranial  vessels  can  rupture  ves-

sels, potentially producing epidural, subdural, subarachnoid or intracerebral 

bleeding.

4.  In the cavernous carotid, carotid cavernous fistula can occur from overinflation 

of the balloon.

6.2.5.2.      Nonneurological complications

1.  There is a risk of a profound vagal response to balloon inflation in the carotid 

bulb  or  basilar  artery,  potentially  producing  bradycardia,  hypotension,  and 

rarely cardiac arrest.

2.  Balloon  inflation  in  the  basilar  artery  can  produce  unconsciousness  and 

apnea.

3.  Anaphylactoid  reactions  to  iodinated  contrast  or  any  of  the  medications  used 

can occur as with any endovascular procedure.

4.  Similarly,  groin  hematomas,  femoral  or  iliac  dissections,6  puncture  site  infec-

tions or other access complications can occur.

5.  Use of hypotensive challenges may theoretically provoke cardiac ischemia.

 

6.2.6.       Balloon test occlusion: 

Procedural aspects

 

6.2.6.1.      Preprocedure evaluation

1.  Brief neurological exam should be done to establish a baseline, should a neuro-

logic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse.

4.  Bloodtest,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, should be reviewed.

5.  Ensure that the correct side and vascular distribution is being tested. Mistakes 

have been known to occur.

6.2.6.2.      Preprocedure orders

1.  NPO for 6 h, except for medications.

2.  Patients on insulin for hyperglycemia, should get half their normal dose prior 

to the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter.

5.  Consider pretreatment with 0.3–0.5 mg Atropine if planning on inflating a bal-

loon in the carotid bulb or basilar artery.

6.  Place  thigh-high  sequential  compression  device  (SCD)  sleeves  for  deep  vein 

thrombosis prophylaxis.
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6.2.6.3.      Contrast agents

Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ), are usually used for these procedures.

6.2.6.4.      Femoral artery sheath

These  procedures  are  virtually  always  done  using  a  femoral  sheath,  most  com-

monly a 6-French sheath. Ensure it is big enough to accommodate the balloon cath-eter being used. One may consider using 90-cm sheaths such as the 6-French Shuttle® sheath (Cook Inc., Bloomington, IN) which also acts as a guiding catheter.

6.2.6.5.      Saline infusion

To reduce the risk of thrombus or air embolism, continuous drips of heparinized 

saline are attached to stopcocks on the sheath, guiding catheter, and possibly balloon catheter lumen (only if using a double lumen balloon).

6.2.6.6.      Anticoagulation

Administer  70–100  units  per  kilogram  intravenous  heparin  bolus  and  hourly 

boluses  as  needed  to  keep  the  activated  clotting  times  (ACT)  at  least  double  the baseline  value.  One  could  also  consider  pretreating  any  patients  that  undergo  test occlusion, with a dose of aspirin to limit any cascade of platelet aggregation instigated by  intimal  injury  produced  by  the  balloon,  although  most  practitioners  don’t  bother with antiplatelet treatment.

6.2.6.7.      Sedation/Anesthesia

Most commonly, balloon test occlusion is performed with the patient awake, with 

minimal sedation in order to detect neurological changes produced by the temporary vascular  occlusion.  However,  catheterization  much  above  the  skull  base,  can  some-times produce discomfort so one could make an argument to do the procedure under general anesthesia, or at least heavy sedation. That would require heavy reliance on blood flow imaging or neurophysiological monitoring rather than clinical findings to detect potential adverse effects of occluding the target vessel. A compromise would be to use heavy sedation/analgesia during the catheterization phase of the procedure and let it wear off when the actual balloon inflation is taking place.

 

6.2.7.       Suggested catheters, balloons, 

and guidewires for test occlusion

 

6.2.7.1.  Diagnostic and guiding catheters for balloon 

test occlusion

●   Angiographic  catheters  (4-  or  5-French  size)  are  useful  for  preocclusion  and 

postocclusion angiographic studies. The authors frequently use 4-French Angle 

Glidecath® catheters (Terumo Medical, Somerset, NJ), although other catheter curves may be required depending on the arch anatomy.

●   Guiding  catheters  used  for  a  coaxial  approach  include  standard  5,  6,  or 

7-French  large-lumen  gauge  guide  catheters,  most  often  6-French  angle-tip 

Envoy® ®   (Cordis  Neurovascular,  Miami  Lakes,  FL)  or  6-French  Northstar

Lumax® (Cook Medical, Inc., Bloomington, IN). Make sure the internal lumen will accept the outer diameter of the balloon catheter. The package of the bal-

loon will usually indicate the recommended guide catheter size.

●                                                            ® Sheaths  (90 cm)  (e.g.  Shuttle  sheath,  Cook  Inc.,  Bloomington,  IN)  also  work 

very  well  as  alternative  guiding  catheters  for  test  occlusions.  This  allows  for 

extra stability if needed.
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Three main categories of balloons are used today for test occlusions. Each type 

has advantages and disadvantages.

The first category is the double lumen balloon catheter, with a central lumen for 

a guidewire or pressure measurements, and another lumen for inflating and deflat-ing  the  balloon.  This  is  similar  to  many  angioplasty  balloons,  but  high-pressure, low-compliance  angioplasty  balloons  are  not  recommended  for  test  occlusions,  as they can traumatize the vessel. Relatively softer balloons such as those on standard occlusion balloons or even Swan-Ganz balloon catheters can be used. The advantage of these balloons is that one can perfuse heparinized saline and also measure pres-sures  through  the  distal  lumen,  and  also  these  balloons  are  relatively  inexpensive. The disadvantage of these balloons is that they do not maneuver well, are somewhat traumatic  to  vessels  and  consequently  should  not  be  used  in  very  small  vessels  or intracranial vessels. These are not the optimal balloons for most of these procedures.

The  second  balloon  category  is  the  over-the-wire  microballoon.  The  typical  bal-

loon of this type is the Hyperform ™ (ev3, Irvine, CA). The balloon catheter has single lumen and when the appropriately sized wire is advanced beyond the catheter tip, an O-ring type valve in the balloon catheter seals the tip of the catheter around the wire and  allows  inflation  and  deflation  of  the  balloon.  These  balloons  have  the  advantage that they are soft, atraumatic, and very maneuverable to almost any destination. The down-side is that they have single lumen to inflate the balloon, but no way to measure backpressure when the vessel is occluded. These small balloons are advanced through a  guidecatheter  placed  in  the  proximal  carotid  or  vertebral  artery,  depending  on  the vessel  being  tested.  Measurement  of  pressure  through  the  guide-catheter  will  show dampening  of  the  pressure  waveform,  if  the  balloon  is  inflated  in  the  vessel  a  short distance beyond the guide-catheter tip. The guidewire must be advanced through the balloon catheter for at least a short segment distal to the balloon. Thus, it requires a straight segment to place the distal wire and care should be taken to keep the wire tip out of small side-branches or acute bifurcations, to prevent perforations or dissections. The risk of misadventures with the wire can be minimized by creating a tight J-shaped curve on the guidewire tip. One advantage of the use of a wire in these single lumen bal-loons is that, if necessary, the balloon can be rapidly deflated by withdrawing the wire. Other balloon types do not have this option for rapid deflation. These microballoons are the most common balloons currently used for cerebrovascular test occlusions.

The third balloon type is the inflatable balloon wire, typified by the GuardWire®

(Medtronic Vascular, Santa Rosa, CA). This system works well especially for carotid test occlusions. This occlusion balloon is mounted on a 0.014-in wire and has a 0.028-in pro-file for the 2.5–5-cm balloon, or 0.036 in for the 3–6 mm balloon. The larger balloon can easily be advanced through 6-French guiding catheter. It is inflated with an inflation device, which can be removed from the wire, leaving the balloon inflated. This allows removal  of  the  guidecatheter,  which  allows  for  placement  of  a  diagnostic  catheter  via the  same  femoral  arterial  sheath  for  performance  of  control  angiography  of  potential collateral  vessels,  while  the  balloon  occludes  the  target  vessel.  Another  advantage  of this  balloon  wire  is  that,  it  has  such  a  low  profile  that  it  allows  safe  moving  of  the patient  with  the  balloon  in  place,  for  cerebral  blood  flow  imaging  with  CT  perfusion. The disadvantages of this balloon wire is that, it has the same issue as the over-the-wire microballoon, in that the distal stump pressure cannot be measured and the wire tip extends for several centimeters distal to the balloon. The GuardWire® has other disad-vantages,  including  the  fact  that  it  is  stiffer  than  the  microballoons,  so,  as  a  general rule, should not be used in intracranial vessels or other small vessels. The need for the inflation device also means that there is a bit of a learning curve to be able to use this device efficiently. The most annoying problem associated with this device is the length of time sometimes required to deflate the balloon. The balloon should be inflated with a dilute contrast solution (e.g. 30% contrast in saline) to minimize viscosity and decrease the problems associated with inflating and deflating the balloon.

In extremely small, tortuous distal vessels, it may sometimes not be possible or 

safe to advance even the smallest microballoons. However, these vessels may still be accessible using low-profile, ten-system microcatheters. With the microcatheter in the vessel to be tested, a detachable coil can be advanced into the vessel to temporarily occlude  it.  This  method  will  only  work  in  vessels  less  than  3 mm  in  diameter.  One should  use  a  2–3-mm  diameter  coil  that  is  stretch  resistant  so  that,  it  can  be  eas-ily and surely removed, and should also be ultra-soft, to fill the lumen of the vessel without traumatizing the intima. Advance as few loops of coil as necessary to occlude flow,  to  shorten  the  length  of  vessel  occluded.  Obviously,  the  patient  must  be  fully heparized, so that the thrombus does not form in the vessel, and occlusion times must 
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be kept to a minimum. Given the possibilities of thrombus formation and the remote possibility  of  coil  stretching  or  inadvertent  detachment,  this  method  should  not  be routinely used for test occlusion unless everything else fails.

Balloons  must  be  sized  to  match  the  vessel  being  occluded.  Measure  the  target 

vessel  using  a  previous  angiographic  study,  or  obtain  an  angiogram  as  part  of  the procedure to get a measurement of the vessel.

1.  Internal carotid arteries require balloons at least 5 mm in diameter in most cases.

2.  Extracranial  internal  carotid  can  be  occluded  with  Swan-Ganz  double-

lumen balloon (Edwards Lifesciences, Irvine, CA), 10-mm occlusion balloon 

catheter (Cook Medical, Bloomington, IN), 7 × 7-mm Hyperform ™ microbal-loon  (ev3,  Irvine,  CA),  or  6-mm  GuardWire®(Medtronic  Vascular,  Santa Rosa, CA)

3.  Intracranial internal carotid is best occluded with a Hyperform™ microballoon 

(ev3, Irvine, CA).

4.  Vertebral arteries can usually be occluded with 5-mm diameter or larger balloons.

5.  The  straight  segment  of  the  cervical  vertebral  can  be  occluded  with  a  10-mm 

occlusion balloon or 7 × 7-mm microballoon listed above.

6.  Above C2, where the vertebral curves laterally, only flexible microballoons such 

as the Hyperform™ should be used.

7.  Intracranial  vessels  such  as  proximal  intracranial  internal  carotid  and  verte-

bral arteries may still be 4–5-mm in diameter. Supraclinoid carotid is usually 

3.5 mm and basilar 3.2 mm. More distal branches are generally less than 3 mm 

in diameter.

8.  Vessels  greater  than  4 mm  can  be  occluded  with  the  7 × 7-mm  Hyperform™

microballoon.

9.  Vessels  less  than  or  equal  to  4 mm  may  be  occluded  with  the  4 × 7-mm 

Hyperform™  (ev3,  Irvine,  CA),  a  4  ×  10-mm  Hyperglide™  microballoon  (ev3, Irvine, CA)

6.2.7.3.      Guidewires

●   ®  Steerable  hydrophilic  wires  such  as  0.035  or  0.038-in.  angled  Glidewire

(Terumo Medical, Somerset, NJ) can be used to advance a diagnostic catheter 

or guiding catheter into the carotid or vertebral artery.

●      0.025  or  0.035-in.  Glidewire  (Terumo  Medical,  Somerset,  NJ)  are  used  for ®

standard occlusion balloons.

●      Transend 10 (Boston Scientific, Natick, MA), X-pedion 10 (ev3, Irvine, CA), ™                                ™

or other 0.010-in. wire is used to advance an over-the-wire microballoon cath-

eter to the target vessel.

●                                   ® The GuardWire (Medtronic Vascular, Santa Rosa, CA) balloon is integrated as 

part of a 0.014-in. wire, and can be used as a wire for relatively soft catheters.

 

6.2.8.       Procedures

 

6.2.8.1.      Femoral access

1.  The groin area is prepped bilaterally and draped.

2.  Depending on the size of the catheter being used, a sheath is placed in the right 

(or left) femoral artery. A 6-French works for most scenarios.

3.  If a second catheter is needed for angiography of collateral vessels during the 

test occlusion, perform the same process, except aim for the contralateral femo-

ral artery, and insert a diagnostic 4- or 5-French catheter and position it with 

its tip in the descending aorta, until it is needed for angiographic studies.

4.  Once arterial access is obtained, obtain a baseline ACT and fully heparinize the 

patient to at least double the baseline ACT (normally 80–150 s). Bolus (50–100 

unit heparin per kilogram) will usually get the ACT around 250–300.

6.2.8.2.      Alternative access

1.  If femoral access is limited due to severe occlusive atherosclerotic disease, bra-

chial arterial access can be used.
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5-French sheath opens up a wider range of possibilities for guiding catheters.

3.  Obtain an ACT and administer intravenous heparin 50–100 units kg−1.

6.2.8.3.      Catheter and balloon manipulation

1.  Attach  all  the  catheters  to  rotating  hemostatic  valves  and  attach  a  three-way 

stopcock and continuous infusion of saline containing 10,000 units heparin per 

liter.

2.  Through the femoral (or brachial) sheath, advance the desired guiding catheter 

into  the  desired  internal  carotid,  vertebral,  or  other  vessel  depending  on  the 

vessel being occluded.

3.  Perform arteriography first to determine the best position for the balloon, and 

to size the vessel in order to choose the proper balloon.

4.  Avoid  positioning  the  balloon  in  any  area  containing  apparent  atherosclerotic 

plaque.

5.  Obtain a roadmap mask to allow balloon positioning and inflation under road-

map guidance.

6.  Warn patients that the catheter manipulation and balloon inflation may cause 

a feeling of pressure.

7.  Use extreme caution when advancing or inflating a balloon in intracranial ves-

sels.

8.  Always keep track of where the tip of the guidewire is to avoid vascular perfora-

tion or dissection.

9.  When the balloon reaches the desired location, pull back to remove any slack in 

the catheter. This will prevent the balloon from advancing forward under flow 

direction, as it is inflated.

10.  Inflate the balloon only just enough to stop the flow. Do not over-inflate. 11.  Measure  the  volume  required  to  inflate  the  balloon  and  occlude  the  vessel. 

When  performing  adjunctive  blood  flow  imaging  requiring  patient  transfer 

with  the  balloon  in  place,  this  allows  deflation  and  inflation  of  the  balloon 

without fluoroscopic control.

6.2.8.4.      Technique: double-lumen balloon catheter

1.  Prepare the balloon by attaching a 10-mL syringe partially filled with contrast 

to the inflation port of the balloon, aspirate any air, release suction, allowing 

contrast to enter the inflation port.

2.  Attach  a  one-way  stopcock  to  the  inflation  port,  and  inflate  the  balloon  with 

50:50 contrast:saline mixture, then deflate. Angle the balloon to allow aspira-

tion of any residual air as the balloon is deflated.

3.  For  those  ambitious  (or  foolish)  enough  to  use  a  Swan–Ganz  (Edwards 

Lifesciences, Irvine, CA) for test occlusion, expect to struggle getting into the 

vessel  of  interest,  as  these  balloons  are  not  designed  for  arterial  catheteriza-

tion. One can use a 0.010-in. wire to help direct the catheter and partial infla-

tion  for  flow  direction,  to  help  get  into  the  vessel  of  interest,  but  it  is  not  a 

pleasant experience in tortuous vessels.

4.  For  all  other  balloons,  such  as  the  10-mm  occlusion  balloon  catheter  (Cook 

Medical,  Bloomington,  IN),  it  is  also  not  easily  placed  and  it  is  usually 

 necessary to use an exchange wire, unless the patient is young, with straight 

vessels easily accessible with a straight catheter.

5.  Using a diagnostic angiographic catheter of desired size and shape, such as a 

5-French  Angled  Glidecath®  (Terumo  Medical,  Somerset,  NJ),  catheterize  the target carotid or vertebral artery that is to be tested.

6.  Using  a  300-cm,  0.035-in.  diameter  exchange  wire,  exchange  the  diagnostic 

catheter for the balloon catheter.

7.  Advance  the  balloon  catheter  just  proximal  to  the  site  of  intended  occlusion, 

and inject the contrast through the central lumen to obtain a road-map of the 

vessel.

8.  Advance the balloon to the target site.

9.  Prepare to measure pressures through the end-hole of the balloon catheter, either 

by attaching a pressure line to the stopcock (or manifold) attached to the central 

lumen of the balloon catheter, or by using a pressure-sensing guidewire.

10.  Measure a baseline pressure through the central lumen of the balloon catheter.

11.  Gently inflate the balloon just enough to occlude the vessel.
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12. Contrast  injected  through  the  end-hole  of  the  balloon  catheter  will  remain  in 

the vessel, confirming complete occlusion.

13. Measure the pressures through the central lumen of the balloon catheter again. 

When the vessel is occluded, there will be dampening of the pressure waveform. 

A drop in mean pressure by 50% after balloon inflation, is suggestive of insuf-

ficient collateral flow to the distal territory.

14.  Clinically test the patient for any neurological deficits and pay particular atten-

tion to functions performed by areas supplied by the vessel being occluded.

15. At some point during the test occlusion, perform cerebral arteriography using 

an arterial catheter in a contralateral sheath, and check for collateral flow from 

other arterial pathways.

16.  If  the  patient  tolerates  the  balloon  inflation  clinically  and  the  back  pressure  in 

the  balloon  catheter  does  not  drop  less  than  50%  post-inflation,  keep  the  vessel 

occluded for an extended period of about 30 min to confirm tolerance to occlusion.

17.  Consider  using  a  supplementary  test  to  look  for  other  signs  of  hemodynamic 

insufficiency, when the balloon is inflated (see below).

18. If  the  patient  develops  symptoms,  if  the  back-pressure  drops,  if  angiography 

suggests poor collateral flow, or if another supplementary test shows impaired 

vascular reserve, the patient has “failed” the test occlusion.

19. When the patient fails the test occlusion, or if they pass for at least 30 min, the 

procedure is complete. One should then deflate the balloon.

20. Prior  to  removing  the  balloon,  ensure  that  the  patient’s  symptoms  have 

resolved and that venous pressure has returned to baseline. If not, it may 

have  caused  some  dissection  or  thrombosis,  and  leaving  the  balloon  cath-

eter in place provides access for diagnostic angiography and any corrective 

intervention.

21.  The balloon catheter can be removed when all testing is completed.

6.2.8.5.      Technique: microballoon catheter

1.  Prepare the Hyperform™ or Hyperglide™ (ev3, Irvine, CA) by thoroughly flush-

ing the sterile holder housing the balloon, in order to activate the hydrophilic 

coating.

2.  Attach a one-way stopcock, or Flo-switch (BD Medical, Franklin Lakes, NJ) to 

a rotating hemostatic valve, and attach this to the balloon catheter.

3.  Fill the balloon catheter with 50% contrast diluted with saline.

4.  Insert the X-pedion™ (ev3, Irvine, CA) or other 0.010-in. wire through the rotat-

ing hemostatic valve and into the balloon catheter.

5.  Make a j-tip curve on the shapeable platinum tip of the wire, to limit the risk 

of the wire traumatizing or perforating a vessel.

6.  Using a guiding catheter of desired size and shape, usually 5-French or larger, 

catheterize the target carotid or vertebral artery that is to be tested.

7.  Inject the contrast through the guide catheter to obtain a road-map of the vessel.

8.  Advance the balloon to the target site.

9.  Gently inflate the balloon just enough to occlude the vessel.

10.  Confirm occlusion of the vessel by injecting the contrast through the lumen of 

the guide catheter. There will be stasis of the contrast in the vessel proximal to 

the balloon.

11.  Clinically test the patient for any neurological deficits and pay particular atten-

tion to functions performed by areas supplied by the vessel being occluded.

12. At some point during the test occlusion, perform cerebral arteriography using 

an arterial catheter in a contralateral sheath, and check for collateral flow from 

other arterial pathways.

13. If the patient tolerates the balloon inflation clinically, keep the vessel occluded 

for an extended period of about 30 min to confirm tolerance to occlusion.

14.  Consider  using  a  supplementary  test  to  look  for  other  signs  of  hemodynamic 

insufficiency when the balloon is inflated (see below).

15. If the patient develops symptoms, if angiography suggests poor collateral flow, 

or  if  a  supplementary  test  shows  limited  vascular  reserve,  the  patient  has 

“failed” the test occlusion.

16.  When the patient fails the test occlusion, or if they pass for at least 30 min, the 

procedure is complete. Then deflate the balloon.

17.  Prior  to  removing  the  balloon,  ensure  that  the  patient’s  symptoms  have 

resolved and that venous pressure has returned to baseline. If not, there may be 

a dissection or thrombosis, and diagnostic angiography via the guide catheter 

can determine if any corrective intervention is needed.
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 completed.

 

6.2.8.6.      Technique: balloon wire

1.  Prepare the balloon on the GuardWire® (Medtronic Vascular, Santa Rosa, CA) 

by following the manufacturer’s directions.

2.  Thoroughly flush the sterile holder housing the wire.

3.  Fill the inflator syringe that comes in the package with 30–50% contrast.

4.  Attach  the  tubing  from  the  syringe  to  the  clam-shell  shaped  inflation  device 

that also comes in the package.

5.  Examine the wire and find the gold marker that indicates where to insert the 

wire in the inflation device, and carefully place it in the inflation device.

6.  Close the clam-shell and lock it.

7.  Turn the dial on the device to the open position.

8.  Aspirate back on the syringe and lock it in the position of maximal suction, in 

order to purge the balloon of air.

9.  After a few minutes of maximum suction, turn and release the plunger on the 

syringe to release the suction and allow contrast to enter the balloon.

10.  Repeat steps 7 and 8 until it looks like no more air can be aspirated from the 

system.

11.  Turn  the  dial  to  inflate  the  balloon  and  check  that  it  inflates  and  deflates 

properly.

12. Once the balloon is prepared, turn the dial to deflate it, and pull the plunger 

back on the syringe until the balloon is completely deflated.

13. Make a j-tip curve on the shapeable platinum tip of the wire, to limit the risk 

of the wire traumatizing or perforating a vessel.

14.  Using a guiding catheter of desired size and shape, usually 5 French or larger, 

catheterize the target carotid or vertebral artery that is to be tested.

15. Inject contrast through the guide catheter to obtain a road-map of the vessel.

16.  Advance the balloon to the target site.

17.  Gently  inflate  the  balloon  by  turning  the  dial  on  the  inflation  device  just 

enough to occlude the vessel.

18. Confirm occlusion of the vessel by injecting contrast through the lumen of the 

guide  catheter.  There  will  be  stasis  of  contrast  in  the  vessel  proximal  to  the 

balloon.

19. Clinically  test  the  patient  for  any  neurological  deficits  and  pay  particular 

attention  to  functions  performed  by  areas  supplied  by  the  vessel  being 

occluded.

20. At  some  point  during  the  test  occlusion,  perform  cerebral  arteriography  to 

check for collateral flow from other arterial pathways.

21.  This  is  done  by  opening  and  removing  the  clamshell  of  the  inflation  device, 

leaving  the  Guardwire®  balloon  inflated,  and  carefully  backing  out  the  guide catheter while gently feeding in the 0.014-in. wire, making sure to not pull back 

on the Guardwire® or displace it.

22. When  the  guide  catheter  is  completely  removed  from  the  sheath,  a  4-French 

Glidecath® (Terumo Medical, Somerset, NJ) can be carefully advanced through the sheath alongside the 0.014-in. Guardwire® as long as the sheath is at least 5  French,  and  preferably  6-French  size,  to  avoid  disturbing  the  wire  as  the 

4-French catheter is manipulated.

23. This  catheter  can  then  be  used  to  perform  selective  arteriography  of 

whatever  vessels  needed  to  assess  collateral  flow,  while  the  balloon  is  still 

inflated.

24. If the patient tolerates the balloon inflation clinically, keep the vessel occluded 

for an extended period of about 30 min to confirm tolerance to occlusion.

25. Consider  using  a  supplementary  test  to  look  for  other  signs  of  hemodynamic 

insufficiency when the balloon is inflated.

26. If  the  patient  develops  symptoms,  or  if  angiography  suggests  poor  collateral 

flow, the patient has “failed” the test occlusion.

27.  When  the  patient  fails  the  test  occlusion,  or  if  they  pass  for  at  least  30 min, 

the procedure is complete. Insert the gold marker on the Guardwire ® into the proper  position  in  the  clamshell  of  the  inflation  device,  then  turn  the  dial  to 

zero, and aspirate on the syringe to deflate the balloon.

28. Prior  to  removing  the  balloon,  ensure  that  the  patient’s  examination  has 

returned to or remains at their baseline. If not, some dissection or thrombosis 
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may have taken place, and diagnostic angiography via the 4-French diagnostic 

catheter can determine if any corrective intervention is needed.

29.  The balloon catheter and guide catheter can be removed after testing is completed.

6.2.8.7.                                        ® Tips for using the Guardwire

The authors use this balloon frequently for cervical carotid or vertebral test occlu-

sions,  and,  out  of  approximately  25  cases,  have  had  only  one  case  in  which  balloon deflation was a problem, even though dilute contrast was used for inflation. This case involved  a  somewhat  tortuous  carotid  and  possibly  the  angulation  caused  the  infla-tion/deflation  port  in  the  balloon  to  be  pressed  against  the  balloon  material  by  the vessel  wall.  This  required  gently  pulling  back  on  the  inflated  balloon,  to  straighten the vessel and allow the inflation/deflation port to allow for unimpeded deflation of the balloon.

 

6.2.9.       Postprocedure care

Once  the  procedure  is  completed,  the  catheters  are  removed  and  hemostasis  is 

obtained.

The patient is kept at bed rest with the leg extended for 2 h if a hemostatic patch 

is used.

 

6.2.10.     Venous test occlusion

See Chap. 12, Venous Procedures

 

6.3.        Pharmacologic provocative testing

 

6.3.1.       Wada test: intracarotid amobarbital 

procedure

6.3.1.1.      A brief history of the Wada test

The  procedure  of  pharmacologically  anesthetizing  certain  parts  of  the  brain 

began  to  be  reported  in  the  1940s.  W.  James  Gardner  reported  injecting  procaine through  burr-holes  in  the  head,  to  localize  speech  centers. 47  Juhn  Wada  began using  intra-carotid  injections  of  amobarbital  initially  for  treating  patients  with status  epilepticus  and  also  those  with  schizophrenia  undergoing  electroconvulsive therapy, and later used it for localizing speech and memory, particularly in patients who  were  candidates  for  epilepsy  surgery.48,  49  The  procedure  was  refined  at  the Montreal Neurological institute and by the early 1960s, became an important part of the preoperative work-up for epilepsy surgery 50–52 Patients undergoing temporal lobe  resection  to  control  epilepsy  are  at  risk  for  developing  devastating  neurologi-cal and neuropsychological impairment as a complication from surgery. The carotid amobarbital injections can be used to predict which patients are at risk for develop-ing language deficits,52 and also which patients are at risk for developing memory loss.53  Although,  initially,  the  amobarbital  was  injected  in  the  carotid  using  direct needle  puncture,  the  adoption  of  transfemoral  catheterization  for  angiography  in the  1960s  and  1970s  resulted  in  the  adoption  of  transfemoral  catheter  technique for  Wada  tests  as  well.  The  availability  of  microcatheter  technique  in  the  1980s and  1990s  resulted  in  small  series  of  superselective  Wada  tests.54–56  The  supply  of amobarbital  was  interrupted  in  the  early  part  of  the  new  millennium,  when  the Food and Drug Administration required recertification of the manufacturing facili-ties after a different corporation acquired the rights to make the drug.57 This led to the use of anesthetic agents such as methohexital,58 etomidate,59 and propofol.60, 61 However, amobarbital is now readily available and the intracarotid injection procedure 
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6.3.1.2.      Strange, but true

The  very  same  Dr.  Wada  that  invented  the  Wada  test,  also  published  on  the 

behavioral  and  EEG  changes  produced  by  intracisternal  and  intraventricular  injec-tion  of extracts  from  the  urine  of  schizophrenic  patients.62  The  authors  of  this  hand-book do not recommend the routine use of this particular  technique.

6.3.1.3.      Memory testing in the Wada test

Neuropsychological testing during the Wada test is primarily designed to predict 

(and  hopefully  prevent)  disabling  memory  loss  after  epilepsy  surgery.  Verbal  and visual/spatial  memory  is  tested  during  temporary  anesthesia  of  a  hemisphere  with amobarbital. Items are presented to the patient during the period of anesthetization. The number and types of stimuli that can later be recalled, indicate how robust the memory  functions  are  in  the  contralateral  hemisphere.  Functions  lost  during  injec-tion  of  the  side  of  the  seizure  focus  are  at  the  risk  of  injury  during  surgery,  and, conversely,  functions  remaining  intact  during  injection  of  the  contralateral  side  are at risk. Verbal memory is frequently on the left and visual/spatial on the right, but the existence of lesions in the epileptogenic side may displace function, and bilateral lesions can make for unpredictable localization.

The  protocol  of  memory  testing  done  during  Wada  tests  should  be  rigor-

ously  standardized,  since  the  items  presented  and  the  manner  in  which  they are presented can affect the results of the testing, and can allow for comparison of  results  done  at  different  times  or  at  different  centers. 63  There  are  two  fairly standardized  protocols  for  memory  testing  during  the  Wada  test,  the  Montreal and  the  Seattle  tests. 64  In  the  Montreal  test,  a  series  of  word  cards  and  objects are  presented  to  the  patient,  while  the  hemisphere  is  under  the  effects  of  the amobarbital. The patient is then tested for recall when the effect of the drug has worn off. Items spontaneously recalled are scored higher than those picked in a multiple choice test. The number and type of stimulus (verbal or spatial) recalled indicates the functions localized to the hemisphere contralateral to the injection. The Seattle test involves repeatedly displaying cards showing line drawings and sentences,  which  the  patient  is  instructed  to  name  and  remember.  These  are interspersed  with  a  card  stating  “Recall”,  at  which  point,  the  patient  names previously shown items. This process begins prior to amobarbital injection and is continued repeatedly during the period of anesthesia, until the effects have dissi-pated. If, during this testing, the patient fails to recall items just presented, then that  memory  function  is  localized  to  that  hemisphere.  The  Montreal  test  had  a 46%  predictive  value  and  the  Seattle  test  a  76%  predictive  value  for  memory deficits, after epilepsy surgery.64

Temporal lobe resections have been used to treat medically refractory seizures, 

and  this  may  involve  wide  resections  of  the  temporal  lobe  (temporal  lobectomy)65  or more focal resections of the medial temporal lobe (amygdalohippocampectomy).66 The hippocampal  regions  are  usually  supplied  by  the  anterior  choroidal  anteriorly,  and posterior cerebral arteries posteriorly. It turns out, at least by studying which areas of the brain are inactivated by the amobarbital with single photon emission computed tomography (SPECT), that the injections during the Wada test inactivate the hippoc-ampus in less than 40% of the time. 67 This issue of the arterial supply to the hippoc-ampus prompted the development of superselective injections in the anterior choroidal and posterior cerebral arteries. 54, 56 However, the superselective tests may not localize speech function, require specialized equipment and expertise, and may have a higher risk of complications.55 In spite of the lack of direct perfusion of the hippocampus on carotid injections, there still seems to be a functional effect on the hippocampus when amobarbital is injected in the carotid. 68 The importance of the frontal lobe in forming memories may explain why carotid injections can still localize memory dominance.69 Moreover, patients who underwent temporal lobectomy in spite of a Wada test local-izing memory to the surgical side, had more postoperative deficits than those whose memory was located contralateral to the surgical side on Wada testing.70 Therefore, the standard internal carotid Wada test remains the mainstay for pre-operative evalu-ation in epilepsy patients.
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6.3.1.4.      Confounding factors possibly affecting 

the results of the Wada test

●   Time  allowed  to  elapse  between  amobarbital  injections:  To  prevent  lingering 

effects  of  an  initial  amobarbital  injection  from  confounding  the  results  of  the 

contralateral  injection,  some  have  advocated  performing  the  right  and  left 

injections on separate days.71 Electroencephalographic studies have shown that less than a 40-min delay between injections, can interfere with the results on 

the second injection.72

●   The  order  of  which  side  is  injected  first:  Most  centers  inject  the  side  of  the 

epileptogenic  focus  first,  so  that  useful  data  may  still  be  obtained  even  if  the 

patient  decompensates,  becomes  too  sleepy,  or  the  angiographic  equipment 

fails.  However,  there  is  evidence  that  cerebral  hemispheres  containing  an 

epileptogenic focus may take longer to recover from the effects of amobarbital 

than a normal hemisphere.73 This is another reason to wait for at least 45 min between amobarbital injections.

●   Bizarre  behavior:  The  focal  anesthesia  produced  by  selective  amobarbital  can 

occasionally  result  in  disinhibited  behavior  (in  the  patient,  that  is)  which 

can  be  disruptive  and  prevent  successful  completion  of  the  procedure.74,  75 Unfortunately,  disruptive  behavioral  outbursts  are  unpredictable,  but  fortu-

nately, they are rare.76

●   Epilepsy  without  a  unilateral  medial  temporal  lobe  onset:  The  results  of 

Wada  memory  testing  may  not  be  as  accurate  in  predicting  post-operative 

memory deficits if portions of the hemisphere other than the temporal lobe are 

resected.77

●   Multilingual patients: Multi-lingual patients may have variable localization of 

language centers for the different languages78 and Wada testing may not neces-sarily accurately predict post-operative language deficits.79

●   Carbonic  anhydrase  inhibiting  drugs:  Patients  receiving  therapeutic  agents 

such  as  topiramate,  zonisamide,  hydrochlorothiazide,  or  furosemide  may  dis-

play  very  rapid  recovery  from  amobarbital  or  even  no  effect  at  all.80,  81 The  patient  should  be  off  these  medications  for  at  least  8  weeks  prior  to  the 

Wada test.

 

6.3.1.5.      Indications for the Wada test

1.  Patients being considered for surgery for medically refractory seizures

2.  Arteriovenous malformation

3.  Tumors

 

6.3.1.6.      Complications of the Wada test

Informed consent prior to the procedure should include an estimate of the risk 

of complications.

 

NEUROLOGICAL COMPLICATIONS

1.  There  is  a  risk  of  thrombosis  of  the  structures  catheterized,  with  resultant 

stroke.

2.  Dissection of the target vessel may occur, possibly with resultant occlusion or 

pseudoaneurysm formation.

3.  Amytal in the basilar artery can produce unconsciousness and apnea.

4.  Seizure.

5.  Cerebral edema may occur if the drug is mixed incorrectly.

 

NONNEUROLOGICAL COMPLICATIONS

1.  Anaphylactoid  reactions  to  iodinated  contrast  or  any  of  the  medications  used 

can occur as with any endovascular procedure.

2.  Similarly,  groin  hematomas,  femoral  or  iliac  dissections,  puncture  site  infec-

tions or other access complications can occur.
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One  reported  complication  of  Wada  testing  in  a  patient  scheduled  for  epilepsy 

surgery  is  that,  the  seizures  resolved  and  the  surgery  was  no  longer  necessary.  A patient  had  an  embolic  stroke  after  the  procedure  that  infarcted  the  epileptic  focus and cured his seizures.82 The authors of this handbook do not recommend routinely creating embolic strokes in hopes of achieving a similar result.

6.3.1.8.      Wada test: Procedural aspects

PREPROCEDURE EVALUATION

1.  Brief neurological exam should be done to establish a baseline, should a neuro-

logical change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  Check if the patient has received medications with a carbonic anhydrase inhibi-

tory  effect  such  as  topomirate,  zonisamide  or  various  diuretics.  If  there  has 

been treatment with these agents in the last 8 weeks, it can make the amobar-

bital ineffective.

4.  The groins should be examined. Feel for the femoral arterial pulse.

5.  Bloodtest,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, should be reviewed.

6.  Determine the patient’s recent seizure history. When is the last time he or she 

had a seizure? This is to make sure that the patient is not in a post-ictal state, 

which can confuse the results of the Wada testing.

7.  Determine the patient’s recent sleep history. If they are not well rested, it can 

make it difficult for the patient to pay attention during the Wada test

8.  Evaluate  the  patient’s  prior  imaging  and  EEG  studies  to  determine  the 

expected side containing the seizure focus. That side is generally tested first.

 

PREPROCEDURE ORDERS

1.  NPO for 6 h, except for medications.

2.  Ensure that the patient has taken his or her anti-epileptic medication.

3.  Patients on insulin for hyperglycemia, should get half their normal dose prior 

to the procedure.

4.  EEG leads placed prior to procedure.

5.  EEG and video monitoring is set up in the angiography suite to record patient 

responses during the test.

6.  Place a peripheral IV.

7.  Consider placing Foley catheter.

8.  Approximately 30 min prior to the procedure, the groin area is shaved, EMLA ®

(AstraZeneca Pharmaceuticals, Wilmington, DE) a topical anesthetic cream is 

applied over the expected puncture site, and an occlusive dressing is placed.

 

PERSONNEL REQUIREMENTS

●      Scrubbed angiographic operator ●      Scrubbed assistant(s)

●      Circulating nurse(s)

●      Radiographic technologist(s)

●      EEG technologist

●      Neuropsychologist or neurologist to do the neuropsychogical testing ●      Assistant(s) to record the results of that testing

 

CONTRAST AGENTS

Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ), are usually used for these procedures.

 

FEMORAL ARTERY SHEATH

These procedures can be done with, or without using a femoral sheath. Usually 4 

or 5 French size would be sufficient.
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SALINE INFUSION

To reduce the risk of thrombus or air embolism, continuous drips of heparinized 

saline are attached to stopcocks on any sheath and catheter.

 

ANTICOAGULATION

Administer 70–100 units per kilogram of intravenous heparin bolus and hourly 

boluses as needed to keep the ACT at least double the baseline value.

 

SEDATION/ANESTHESIA

Most commonly, Wada testing is performed with the patient as awake as possible, 

with  minimal  sedation  in  order  to  test  memory  function.  However,  occasionally  the procedure needs to be done on children or other uncooperative patients so one could make  an  argument  to  do  the  procedure  under  general  anesthesia,  or  at  least  heavy sedation. That would require heavy reliance on neurophysiological monitoring rather than  clinical  findings  to  detect  physiological  effects  of  injecting  the  target  vessel. A  compromise  would  be  to  use  heavy  sedation/analgesia  during  the  catheterization phase  of  the  procedure,  and  let  it  wear  off  when  the  actual  barbiturate  infusion  is taking place. However, the results of the Wada testing would be less convincing if not done in fully awake and cooperative patients.

 

SUGGESTED CATHETERS AND GUIDEWIRES FOR THE WADA TEST

●   Angiographic  catheters  (4  or  5  French)  are  useful  for  angiographic  studies 

and for injecting the amobarbital. The authors frequently use 4-French Angle 

Glidecath® catheters (Terumo Medical, Somerset, NJ), although other catheter curves may be required depending on the arch anatomy.

●                                                                                                                                  ® Hydrophic,  steerable  wires  such  as  0.035  or  0.038-in.  Glidewire  (Terumo 

Medical,  Somerset,  NJ)  allow  for  safe,  accurate  catheter  placement.  Ensure 

that the wire size is matched to the recommended wire size of the catheter.

 

6.3.1.9.      Procedures

AMOBARBITAL PREPARATION

1.  Obtain 500-mg vial of amobarbital (Amytal® (Lilly, Indianapolis, IN) ) and ster-

ile water

2.  Under sterile conditions, mix 500 mg with 20-mL sterile water

3.  Ensure all the powder is dissolved

4.  Draw it up in a 20-mL syringe

5.  Transfer  the  solution  (25-mg  amobarbital  per  milliliter)  to  sterile,  labeled 

syringes using a filter needle.

 

AMOBARBITAL DOSAGE

The vast majority of practitioners inject 125 mg of amobarbital per hemisphere, 

and  this  dosage  is  used  in  the  procedural  descriptions  below.  Some  use  2 mg  per  kg body weight. Still others inject 25 mg s −1, until the patient becomes hemiplegic in the contralateral arm. These variable dosages can make it difficult to compare the results of tests performed at different times or at different institutions.

 

CATHETER PREPARATION

1.  Choose  a  catheter  for  the  procedure,  usually  a  4-  or  5-French  diagnostic 

 cerebral catheter.

2.  As  soon  as  it  is  removed  from  its  sterile  package,  connect  it  to  the  stopcock 

system to be used during the procedure.

3.  Connect  a  syringe  of  heparinized  saline  to  the  stopcock,  and  carefully 

inject saline until a drop is seen from the distal tip of the catheter, measur-

ing the volume of the dead-space of the catheter/stopcock assembly. For a 

4-French catheter attached to a three-way stopcock, the dead-space of the 

catheter  is  approximately  1.2 mL,  and  slightly  more  for  a  larger  catheter 

system.
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usual angiographic technique.

 

FEMORAL ACCESS

1.  When ready to begin, the groin area is cleaned of any topical anesthetic cream, 

then prepped and draped.

2.  Liberal  application  of  local  anesthetic,  such  as  0.25%  bupivicaine  will  now 

ensure pain free catheter placement and manipulation.

3.  The femoral artery is punctured and a 4- or 5-French sheath is placed.

4.  Alternatively, the catheter is placed in the femoral artery without a sheath.

5.  Once arterial access is obtained, obtain a baseline ACT and fully heparinize 

the patient to at least double the baseline ACT (normally 80–150 s). Heparin 

(50–100 unit per kilogram bolus) will usually get the ACT around 250–300.

6.  If  femoral  access  is  limited  due  to  severe  occlusive  atherosclerotic  disease, 

brachial arterial access can be used, but this is rarely, if ever necessary in this 

patient population.

 

CATHETER MANIPULATION

1.  Attach  all  catheters  to  rotating  hemostatic  valves  and  attach  a  three-way 

stopcock and continuous infusion of saline containing 10,000 units heparin per 

liter.

2.  Advance the catheter into the desired internal carotid. First do the side of the 

seizure focus, then later the side opposite to the seizure focus.

3.  Perform arteriography first to estimate the expected distribution of the barbit-

urate, to ensure that there are no anomalous connections to the basilar, which 

could constitute a contra-indication for intra-carotid amobarbital infusion, and 

also to rule out incidental cerebral vascular disease.

 

TECHNIQUE: AMOBARBITAL TEST

1.  Using a wet-to-wet connection, connect the labeled amobarbital syringe to the 

stopcock  attached  to  the  catheter.  At  least  5 mL  plus  the  dead-space  of  the 

catheter system of amobarbital 25 mg mL−1 should be in the syringe, or 6.2 mL for a 4-French system. This allows injection of single bolus of 125 mg into the 

patient.

2.  Hold the syringe vertical, such that any bubbles rise away from the catheter.

3.  Place a sterile half-sheet over the sterile field over the patient’s thorax, to pre-

vent contamination of the field during testing.

4.  The patient raises his or her arms and squeezes the examiner’s fingers.

5.  The patient begins counting backwards from 20.

6.  When the patient counts back to 15, begin to inject the 6.2 mL (or slightly more 

for larger catheters) over 5 s into the internal carotid via the catheter.

7.  Immediately  disconnect  the  labeled  amobarbital  syringe,  attach  a  10-mL 

syringe and aspirate several milliliters of blood to remove any amobarbital left 

in the catheter.

8.  Double flush the catheter with heparinized saline.

9.  If the patient shows the expected hemiparesis contralateral to the site of amo-

barbital injection, the catheter is pulled back into the descending aorta.

10. In  the  meantime,  when  the  barbiturate  is  injected,  neuropsychological 

 testing is done as the patient is shown objects and cards to test speech and 

memory.

11. The  patient  is  asked  a  standard  battery  of  questions  to  distract  from  the 

previously  shown  objects,  and  to  determine  when  the  effect  of  amobarbital 

has worn off. The EEG is checked to ensure that the tracings are returned to 

baseline.

12. The patient is allowed to rest for 5–10 min, and the patient is then tested 

to  determine  if  he  or  she  remembers  the  items  shown.  Items  spontane-

ously  recalled  are  scored  higher  than  those  picked  from  multiple  choice 

questions.

13. By  the  time  the  neuropsychological  testing  is  completed,  it  is  now  approxi-

mately 20 min after the initial amobarbital injection.

14. Wait  an  additional  time  for  a  total  of  at  least  45 min  between  amobarbital 

injections.

15. The process is then repeated for the contralateral internal carotid.
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POSTPROCEDURE CARE

Once  the  procedure  is  completed,  the  catheters  are  removed  and  hemostasis  is 

obtained.

The  patient  is  kept  at  bed  rest,  with  the  leg  extended  for  2 h,  if  a  hemostatic 

patch is used.

 

OTHER PHARMACOLOGICAL AGENTS

FOR WADA TESTING

●                                             58 Sodium methohexital: This is a very short acting agent with less production of 

drowsiness even after successive injection. Three milligrams are injected first 

and the patient is tested for speech function, then, when hemiparesis resolves, 

a second injection of 2 mg is given and memory testing can be done. If the drug 

effect  wears  off  before  the  items  are  presented  for  memory  testing,  another 

2-mg injection can be given.

●                          59                                                  −1 Etiomidate : A bolus of 0.03–0.04 mg kg, followed by drip infusion of 0.003–

0.004 mg kg−1      −1 min, which continues until all items are presented for memory testing.  The  drug  wears  off  within  4 min  of  stopping  the  infusion.  In  a  small 

series of patients, no apparent complications occurred, but some confusing EEG 

responses occurred.

●                     60 Propofol: Mixed as 10 mg in 10-mL saline, an initial bolus of 10 mg is injected, 

followed by an additional 3 mg as needed to produce contralateral hemiplegia. 

In a series of 58 patients, one third experienced some involuntary movements 

or increased muscle tone that was sometimes disruptive to the neuropsychologi-

cal testing.61

 

6.3.2.       Superselective Wada test

 

6.3.2.1.  Indications for superselective Wada testing

Indications  for  superselective  Wada  testing  are  the same  as  for  standard  Wada 

testing, but with these added conditions:

●   Standard testing is contra-indicated due to anomalous connections from carotid 

to basilar (e.g. persistent trigeminal artery).

●   Standard testing results confusing or unreliable due to excessive sleepiness or 

inattention after amobarbital injection.

●   Standard Wada testing suspect due to lack of clinical effect of intracarotid amo-

barbital, in cases of severe hemispheric injury, or arteriovenous malformations.

●      For  memory  testing,  superselective  posterior  cerebral       or  (less  commonly) 54,  55

anterior choroidal catheterization is done.56

●   Middle  cerebral  catheterization  is  done  for  language  or  motor  function 

 localization.83

6.3.2.2.  Complications of the superselective Wada test

Complications are similar to those of the standard Wada test, but with the added 

risks  of  superselective  catheterization.  There  is  a  higher  risk  of  thromboembolic complications, and local vascular injury in the intracranial circulation. Jack and col-leagues reported one complication of hemiplegia out of 45 cases of attempted posterior cerebral superselective Wada.54

6.3.2.3.      Technique for superselective Wada testing

Similar to standard Wada testing with the following exceptions and caveats:

1.  Femoral sheath is almost always used, most often a 5-French sheath.

2.  Guiding  catheters  are  used  to  catheterize  the  carotid  or  vertebral  artery, 

most  commonly  a  5-French  Envoy®  (Cordis  Neurovascular,  Miami  Lakes, FL).
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For  patient  comfort,  the  authors  prefer  a  soft,  flow-directed  catheter  such 

as  Magic®  (Balt/Advanced  Interventional  Technology,  Miami,FL),  Spinaker® Elite (Boston Scientific, Natick, MA) or Ultraflow® (ev3, Irvine, CA).

4.  A micro-guidewire suitable for the particular microcatheter is used for its place-

ment. The authors prefer the 0.008-in. Mirage® (ev3, Irvine, CA).

5.  Systemic heparinization during the procedure is mandatory.

6.  Rotating  hemostatic  valves,  three-way  stopcocks,  and  continuous  heparinized 

saline infusions are attached to the all catheter lumens.

7.  Microcatheter  is  carefully  advanced  using  roadmap  guidance  to  the  target 

 vessel.

8.  For posterior cerebral testing, place the catheter in the P2 segment. In the mid-

dle cerebral, position it in the distal M1 or M2 segment.

9.  Pull back on the microcatheter to relieve any slack.

10. Perform  a  gentle  contrast  injection  with  a  3-mL  syringe  for  a  superselec-

tive  arteriogram  to  ensure  that  the  desired  brain  parenchyma  is  being 

perfused.

11.  To  limit  the  dead-space  of  the  microcatheter,  remove  the  rotating  hemostatic 

valve and attach a three-way stopcock to the microcathteter

12. Attach a 3–5-mL syringe of amobarbital to the microcatheter’s stopcock.

13. When ready for neuropsychological testing, inject 30–50 mg of amobarbital into 

the target vessel, at a rate of 10 mg s−1.

14.  For  posterior  cerebral  testing,  adequate  anesthesia  is  confirmed  by  develop-

ment  of  a  contralateral  hemianopia.  For  middle  cerebral  testing,  check  for  a 

contralateral hemiplegia.

15. Once it appears that adequate anesthesia for Wada testing is obtained, slowly 

withdraw the guiding catheter and microcatheter from the patient, leaving the 

sheath in place.

16.  If indicated, perform either a standard Wada test of the contralateral carotid, 

or a superselective test, as necessary.

 

6.3.3.       Alternatives to Wada testing

 

6.3.3.1.      Language testing

Functional  magnetic  resonance  imaging  (fMRI)  allows  noninvasive  localization 

of brain function by detecting the areas of increased oxygen utilization in the brain, while the patient performs tasks related to that brain function. This technique can be used to localize language dominance, and fMRI gave concordant results compared to Wada testing in 91% of 100 patients who underwent both procedures.84 The incidence of false lateralization was highest when there was an epileptogenic focus outside the temporal  lobe.  Language  mapping  has  also  been  done  with  noninvasive  stimulation by magnetoencephalography (MEG) which correlated with results of Wada testing in 87%  of  100  cases.85  Small  series  using  augmentation  of  middle  cerebral  blood  flow velocity during a language task to locate speech lateralization, showed a high correla-tion with Wada testing results.86–88

 

6.3.3.2.      Memory testing

Lateralization  of  memory  dominance  can  be  done  noninvasively  using  [18F] 

Fluorodeoxyglucose PET imaging, and the medial temporal lobe with hypometabolism tends to be the side that does not support memory function on Wada testing. 89, 90 More recently, fMRI imaging has been used to lateralize verbal memory in small series of epilepsy patients.91, 92

6.3.3.3.      The bottom line

Wada  testing  is  not  yet  dead.  It  remains  the  gold-standard  for  pre-operative 

evaluation  of  epilepsy  surgery  candidates.  Other  testing  modalities  are  less  proven 

 

198                  6.3. Pharmacologic provocative testing                                                                 PROVOCATIVE TESTING

and may require hardware, software, or technical expertise that may not be as widely available in medical centers as the Wada test is. However as fMRI becomes increas-ingly  available  as  a  clinical  diagnostic  modality,  and  accuracy  improves,  it  may  in many cases supplant the catheter-based Wada test just as MR angiography replaces catheter angiography, for many applications.

 

6.3.4.       Preembolization provocative testing

Provocative testing can be done during embolization procedures, to confirm that 

it is safe to occlude the intended target of the embolization. Before embolizing a ves-sel, it is injected with an anesthetic agent, and if no neurological deficit occurs, it is assumed that it is safe to occlude the vessel. Vessels potentially supplying the central nervous system can be tested most commonly with amobarbital,93, 94 but also metho-hexital95                 96 or thiopental can be used as a substitute. Vessels that may supply a nerve can  be  tested  with  lidocaine  injections. 97  Lidocaine  injections  into  arteries  feeding the brain can cause seizures. 98 Therefore a strategy of first testing with amobarbital, then,  if  no  deficit  occurs,  testing  with  lidocaine  can  greatly  reduce  the  chances  for adverse reactions to lidocaine, yet significantly increases the sensitivity of detecting deficits over the use of amobarbital alone. 99 Patients are tested clinically to determine if  new  neurological  deficits  are  referable  to  the  vascular  territory  at  risk.  Greater sensitivity is claimed (in a small series) by using a battery of cognitive neuropsycho-logical  tests  during  the  amobarbital  testing.100  Larger  series  using  EEG  as  well  as clinical  testing  for  superselective  amobarbital  showed  greater  sensitivity  using  the EEG data. 101, 102 Amobarbital testing prior to AVM embolization in 109 tests showed 23 abnormal tests by EEG criteria, but only 12 of them abnormal by clinical testing, yet three false negative tests by EEG compared to clinical testing.101 Amobarbital and lidocaine  testing  was  shown  to  be  helpful  in  52  spinal  arteriovenous  malformations using  neurophysiological  monitoring  with  somatosensory  and  motor  evoked  poten-tials, and only one neurological complication that occurred even when the procedure was done under general anesthesia.103

The  problem  with  provocative  testing  in  embolization  procedures  is  that  there 

is little evidence concerning the true impact of this testing on patient outcome. That would  theoretically  require  a  study  testing  a  vessel,  then  embolizing  regardless whether  the  testing  was  normal  or  abnormal,  then  determining  the  true  predictive power  of  the  testing.  Consequently,  provocative  testing  should  probably  be  done  in awake, cooperative patients, in whom the results would be expected to be most reli-able.  In  embolization  procedures  that  require  general  anesthesia,  the  provocative testing should be reserved for high-risk cases in eloquent locations and as long as good neurophysiological monitoring is available.

6.3.4.1.      Procedures

AMOBARBITAL PREPARATION

1.  Obtain 500-mg vial of amobarbital (Amytal® (Lilly, Indianapolis, IN) ) and ster-

ile water

2.  Under sterile conditions, mix 500 mg with 20-mL sterile water

3.  Ensure all the powder is dissolved

4.  Draw it up in a 20-mL syringe

5.  Transfer  the  solution  (25-mg  amobarbital  per  milliliter)  to  sterile,  labeled 

syringes using a filter needle.

 

LIDOCAINE PREPARATION

1.  Transfer the contents of a syringe of 2% cardiac lidocaine to a sterile, labeled 

syringe.

2.  Add 1 mL of 4.2% pediatric bicarbonate to the lidocaine to buffer the acidity and 

reduce the discomfort on injection.

 

PREPARATION FOR ADJUNCTIVE TESTING

For  brain  embolization  procedures  consider  using  neuropsychological  testing, 

EEG monitoring, or evoked potentials during the provocative testing, and for spinal procedures consider using somotosensory and motor evoked potentials. Any of these 

 

PROVOCATIVE TESTING                                                       6.3. Pharmacologic provocative testing                  199 adjunctive  tests  require  that  skilled  personnel  to  do  the  testing.  With  neuropsycho-logical  testing  a  baseline  examination  should  be  performed  prior  to  beginning  the procedure. Similarly, when neurophysiological monitoring is done, the leads need to be applied and readings are taken to determine the original status, so that alterations can  be  more  readily  detected.  These  adjunctive  tests  are  generally  not  required  for routine external carotid territory provocative testing.

 

VASCULAR ACCESS

1)  The  groin  area  is  prepped  and  draped,  and  local  anesthetic,  such  as  0.25% 

bupivicaine is applied.

2)  The femoral artery is punctured and an appropriately sized sheath is placed.

3)  In  rare  cases,  when  femoral  access  is  not  possible,  alternative  access  such  as 

brachial or radial may be used.

4)  An  appropriately  sized  guide  catheter  is  advanced  over  a  steerable  guidewire 

and placed in the artery supplying the target lesion.

5)  Rotating  hemostatic  valves  and  continuous  heparinized  saline  flushes  are 

attached to all catheter systems.

6)  The desired microcatheter is coaxially advanced through the guide catheter and 

positioned in the target vessel using roadmap guidance.

7)  Perform a superselective arteriogram.

8)  Study  the  superselective  arteriogram  for  filling  of  the  brain  or  spinal  cord 

either directly, or indirectly via dangerous anastamoses.

9)  If there is visible supply to normal neurological territory, there are three options:

a.  Do not embolize the vessel, and try a different vessel.

b.  If possible, reposition the microcatheter beyond any connection to normal 

territory, then repeat the superselective arteriogram.

c.  If not possible to achieve catheterization beyond a connection to normal 

territory, consider blocking the dangerous anastamosis with a microcoil 

to  prevent  emboli  from  reaching  the  normal  territory.  This  is only  an 

option  if  it  is  certain  that  other  vessels  provide  adequate  flow  to  the 

normal territory.

10) Once  a  safe  catheter  position  is  confirmed  by  superselective  arteriography, 

perform provocative testing.

 

TECHNIQUE: PROVOCATIVE TEST

1.  Remove the rotating hemostatic valve, and connect a three-way stopcock to the 

microcatheter.

2.  Using a wet-to-wet connection, connect the labeled 3–5-mL amobarbital syringe 

to the stopcock attached to the microcatheter.

3.  Hold the syringe vertical, such that any bubbles rise away from the catheter.

4.  Place a sterile half-sheet over the sterile field over the patient’s thorax, to pre-

vent contamination of the field during testing.

5.  Inject the amobarbital (usually 30–50 mg) over approximately 5 s into the vessel 

via the microcatheter.

6.  Immediately disconnect the labeled amobarbital syringe, attach a 3-mL syringe 

and flush with several milliliters of heparinized saline, to remove any amobar-

bital left in the catheter.

7.  Ask  the  patient  if  he  or  she  feels  anything  abnormal,  then  do  a  brief  neuro-

logical  examination,  paying  particular  attention  to  functions  at  risk  from  the 

vascular territory being tested.

8.  If the patient shows a new deficit, the testing is considered abnormal, and the 

vessel should not be embolized from that catheter position.

9.  In the meantime, when the barbiturate is injected, adjunctive testing such as 

neuropsychological testing or EEG monitoring can be done.

10.  If adjunctive testing changes from baseline status, then the testing is also con-

sidered  abnormal,  and  the  vessel  should  not  be  embolized  from  that  catheter 

position.

11.  If there is no change on neurological testing and adjunctive testing, the testing 

is normal and suggests it may be safe to embolize, or at least it is safe to test 

with lidocaine.

12. Connect a labeled 3-mL lidocaine syringe to the stopcock on the  microcatheter.

13. Inject  the  lidocaine  (usually  20–50 mg)  over  approximately  5 s  into  the  vessel 

via the microcatheter.
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14.  The neurological and adjunctive testing is then repeated.

15. If there is no deficit, the testing is normal and it is safe to embolize.

16.  If  brain,  retina  or  spinal  cord  deficit  occurs,  the  testing  is  abnormal  and  the 

vessel should not be embolized from that catheter position.

17.  If cranial nerve or peripheral nerve deficit occurs after lidocaine, it may still be 

possible to embolize using larger polyvinyl alcohol particles (over 350-µm size) or microcoils.

18. During embolization of a vessel, after negative amobarbital and lidocaine test-

ing, a change in flow pattern or visualization of different vessels may be seen 

after partial occlusion of the vessel. Consider repeating the provocative testing 

again before completing embolization of the feeder.104

19. Repeat  provocative  testing  as  necessary  whenever  a  new  catheter  posi-

tion  for  embolization  is  achieved.  However,  be  aware  that  the  patient  can 

become  sleepy  after  repeated  amobarbital  injections  in  a  short  period  of 

time.

 

SYRINGE SAFETY

Many  of  the  procedures  discussed  in  this  book,  require  the  use  of  multiple 

agents  in  syringes  on  the  procedure  table.  For  example,  an  embolization  procedure that  involves  provocative  testing,  requires  syringes  containing  local  anesthetic, saline flush, contrast, amobarbital, lidocaine, embolic material, etc. It is imperative that  these  syringes  containing  different  agents,  are  clearly  differentiated,  one  from another. Confusing syringes with anesthetic agents or embolic materials for contrast or  saline  flush  can  lead  to  disastrous  results.  The  authors  use  customized,  labeled, colored syringes (Merit Medical, South Jordan, UT) of various sizes and designs for the various materials. Using the same type of syringe for a certain agent at all times and educating new team members to the routine will minimize confusion and avoid mistakes.
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7.1.        Introduction

 

Intracranial  embolization  procedures  are  therapeutic  endovascular  occlusions 

of vessels involved in vascular lesions of the cerebral circulation. One could imagine more catchy phrases to describe the procedure such as “intentional cerebral embolism” (ICE),  but  common  parlance  uses  the  less  colorful  and  more  awkward  “intracranial embolization procedure” (IEP). This chapter covers a number of trans-arterial emboli-zation  procedures  in  the  intracranial  circulation.  Trans-venous  embolization  proce-dures are discussed in Chap. 12 and specific embolization procedures on intracranial aneurysms are covered in Chap. 5. This chapter is divided into four major parts: (1) indications and contraindications; (2) general techniques and devices for intracranial vascular access and embolization; (3) procedural issues specific to particular disease processes; and (4) complication avoidance and management.

 

7.2.  Intracranial embolization: Indications 

and contraindications

 

7.2.1.       Common indications

1.  Intracranial aneurysms (covered in Chap. 5)

2.  Intracranial arteriovenous malformation (AVM)

(a)  Pre-operative embolization

(b)  Pre-radiosurgery

(c)  Curative embolization (reported in from 4 to 27% of patients treated1–5) (d)  Palliative embolization for inoperable AVMs (controversial)

●  Attempt  to  reduce  neurological  deficits  from  arterial  steal  and/or 

venous hypertension

●     Palliation of intractable headaches ●  Targeted embolization of higher risk AVM components (e.g. associ-

ated aneurysms6–8)

3.  Intracranial arteriovenous fistula (AVF)

(a)  Carotid cavernous fistula

(b)  Dural AVFs

(c)  Pial AVFs

(d)  Vein of Galen malformations

(e)  Post-traumatic fistulae

(f)  Post-surgical fistulae

4.  Bleeding intracranial vessel

(a)  Usually when it occurs as a complication of an endovascular procedure

(b)  Rarely for post-operative or post-traumatic bleeding

5.  Intracranial vascular tumors

(a)  Pre-operative embolization

(b)  Palliative treatment for inoperable tumors

 

7.2.2.       Relative contraindications

1.  Vascular anatomy that is prohibitive (e.g., en passage feeding arteries that also 

supply eloquent brain, exaggerated vessel tortuosity).
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ent vessel (e.g., occlusion or stenosis of the access vessel).

3.  Life-threatening contrast allergy.

4.  Coagulation disorders or heparin hypersensitivity.

5.  Active bacterial infection (i.e. bacteremia at time of endovascular treatment).

 

7.3.        Intracranial vascular access and 

embolization: Techniques and devices

 

7.3.1.       Evaluation

1.  History and physical

2.  Neurological exam

3.  Blood work (CBC, BUN, Creatinine, PT, PTT)

4.  Imaging

(a)  Head CT or MRI

(b)  CTA or MRA

(c)  Preferably a catheter angiogram.

(d)  Imaging considerations

●  Lesion location, potential brain territories at risk from the proce-

dure, size and configuration.

●  Flow patterns (e.g., high flow vs. low flow arteriovenous shunt).

●     Parent vessel anatomy. ●  Angiographic  architecture  of  lesion  (e.g.  nidal  AVM  vs.  high-flow 

AVF vs. mixed lesion)

●  Presence  of  associated  vascular  lesion  (e.g.  aneurysm  associated 

with AVM).

●     Plan site of intended deposition of embolic material. ●  Access vessel anatomy (e.g., dominant versus hypoplastic vertebral 

artery or ACA, degree of tortuosity).

●  Presence  or  absence  of  atherosclerosis  or  fibromuscular  dysplasia 

in the access vessel.

●     Presence of recent or remote hemorrhage. ●     Associated brain edema or encephalomalacia.

 

7.3.2.       Treatment strategy

Prior  to  the  case,  preferably  the  previous  day  or  earlier,  the  patient  should  be 

assessed  and  all  available  imaging  reviewed  in  preparation  for  the  case.  Decisions about  the  overall  treatment  strategy  and  the  role  of  embolization  in  that  strategy should be made well ahead of time. Plans should include:

1.  Choice of access vessel

2.  Guide catheter selection

3.  Microcatheter and micro-wire selection

4.  Embolic agent to be used

5.  Target vessels to be treated

6.  Staged multiple procedure vs. single embolization

7.  Prepare for methods to ensure preservation of neurological function (e.g., pro-

vocative testing, neuophysiological monitoring)

 

7.3.3.       Preprocedure preparation

1.  Place two peripheral IVs.

2.  NPO for 6 h, except for medications.

3.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

4.  Place Foley catheter.
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5.  Place thigh-high sequential compression device (SCD) sleeves on both legs for 

deep vein thrombosis prophylaxis.

6.  Make sure that all devices that may be needed are available in the angio suite 

prior to the procedure.

7.  If  stent-assisted  coiling  is  planned,  as  in  stent-assisted  coiling  of  a  carotid-

cavernous fistula, pre-treatment with antiplatelet therapy may be indicated:

(a)  Aspirin 325-mg PO QD for ≥3 days prior to the procedure and (b)  Clopidogrel  (Plavix ®,  Sanofi-Aventis,  Bridgewater,  NJ)  75-mg  PO  QD 

for ≥3  days  prior  to  the  procedure  (or  300-mg  PO  5 h  prior  to  the  procedure).

8.  Many practitioners routinely pre-treat patients with dexamethasone, 2 mg PO/

IV  Q6  hours  for  2–3  days  before  any  intracranial  embolization  procedure  to 

attempt to reduce the risk of swelling. This is done based on a positive effect of 

the steroid in the setting of various brain tumors and experimental evidence of 

success in maintaining intact blood brain barrier using dexamethasone.9 There are some animal data suggesting that the drug can be helpful in reducing the 

effects of ischemia,10 which can be a complication of embolization. On the other hand,  there  are  many  studies  showing  that  in  the  setting  of  acute  ischemia, 

steroids either do not help,11 or may worsen the amount of ischemic damage.12, 13 Dexamethasone may not aggravate ischemia if it is not given for an extended period  before  the  procedure14  but  given  the  limited  evidence  of  efficacy  and questions about aggravation of ischemia, the authors of this handbook do not 

use steroids routinely for embolization procedures, except in tumor cases.

9.  Patients with recent intracranial hemorrhage:

(a)  Arterial  line  and  central  venous  access  are  established  prior  to  the 

 procedure

(b)  If a ventriculostomy is present, the catheter must be attached to a moni-

tor, to permit continuous ICP monitoring during the case.

●  The  ICP  is  an  “early  warning  system”  for  AVM  rupture  or 

re-rupture during embolization.

●  The ventriculostomy should be “on monitor” (and not “to drain”) if 

possible  during  the  entire  procedure,  to  permit  continuous  moni-

toring. Open the drain only intermittently if CSF drainage during 

the procedure is necessary.

 

7.4.        Endovascular technique

 

The  technique  of  intracranial  embolization  treatment  varies  considerably  from 

case  to  case.  The  following  is  a  general  outline  of  the  procedures  and  devices  used by the authors for most patients. The case is divided into a vascular access phase, a microcatheter access phase, and an embolization phase. Each phase requires choosing a system of devices and techniques to achieve the therapeutic goals.

 

7.4.1.       Awake or asleep?

Some operators prefer to use general anesthesia for embolization cases whereas 

others  prefer  to  do  them  with  the  patient  awake.  Each  approach  has  advantages. Embolization  with  the  patient  awake  permits  continuous  neurological  monitoring, eliminated the risks of general anesthesia, can shorten the length of the case, and is done in many centers. Embolizing with the patient awake is less practical in patients with reduced mental status and in those with small or very distal lesions in which a small amount of patient motion can lead to vessel perforation or inadvertent occlusion of normal vessels. Very distal catheterization, and even more proximal catheterization with larger microcatheter systems can cause considerable pain due to the sensitivity of the proximal intradural vessels, and that pain makes it difficult for even sedated patients to remain motionless. General anesthesia can eliminate this discomfort and patient mobility, allows the operator to focus on the procedure rather than on coach-ing and assessing the patient, can be much more palatable for anxious patients, and permits  tight  blood  pressure  and  intracranial  pressure  control.  The  lower  systemic pressure  attainable  under  general  anesthesia  also  allows  some  flow  control  in  high flow  AVMs  or  AVFs  perhaps  providing  a  lower  risk  of  migration  of  embolic  agents 
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7.4.2.       Awake

1.  Patient is placed on the angiography table awake.

2.  An abbreviated neurological exam is rehearsed with the patient prior to drap-

ing  (e.g.,  patient  is  asked  to  say  “Methodist  Episcopal,”  show  their  teeth  and 

gums, wiggle their toes, and squeeze a rubber duck with the hand contralateral 

to the side being treated).

3.  Throughout  the  case  the  patient  is  reminded  to  stay  completely  still.  The 

patient’s  head  can  be  lightly  taped  to  the  head  holder  with  a  piece  of  plastic 

tape across the forehead to remind him or her to stay still.

4.  Sedation  and  analgesia  may  be  increased  during  the  access  phase,  but  are 

kept to a minimum if provocative testing is done to facilitate the patient’s full 

cooperation.

 

7.4.3.       Asleep

1.  Patient is placed under general anesthesia on the angiography table.

2.  Strict attention to blood pressure control during anesthesia induction is neces-

sary to minimize risk of AVM rupture.

(a)  A  radial  arterial  line  for  blood  pressure  monitoring  can  be  quite  help-

ful  especially  if  a  modification  of  the  flow  by  blood  pressure  control  is 

 anticipated.

●  If  arterial  monitoring  is  felt  to  be  necessary  prior  to  induction, 

place  a  7-French  femoral  sheath  while  the  patient  is  still  awake. 

Placement  of  a  femoral  artery  sheath  may  be  less  uncomfortable 

than  a  radial  artery  line.  A  7-French  sheath  is  large  enough  to 

permit passage of a 6-French guide catheter and still allow arterial 

line monitoring.

3.  The anesthesiologist is asked to report any abrupt changes in blood pressure or 

heart rate during the case, which can indicate intracranial hemorrhage.

4.  If using neurophysiological monitoring, baseline EEG and/or evoked potentials 

are obtained prior to any intervention. Depending on the anatomic location of 

the lesion, either somatosensory, motor, visual or auditory evoked potentials may 

be the most sensitive for monitoring functional status during the  procedure.

 

7.4.4.       Vascular access phase

For intracranial embolization procedures, this phase involves accessing the arte-

rial  system  and  placing  a  guide  catheter  in  a  position  proximal  to  the  lesion  being treated.

1.  The  vast  majority  of  cases  are  done  using  femoral  arterial  access  and  only 

rarely  brachial,  radial,  or  very  rarely  direct  carotid  puncture  may  be  neces-

sary.

2.  Dorsalis pedis and posterior tibialis pulses are assessed and marked.

3.  The  right  or  left  groin  is  prepped,  draped,  and  infiltrated  with  local 

 anesthesia.

4.  A 6-French sheath is placed in the femoral artery.

(a)  A  7  or  (rarely,  8  French)  sheath  should  be  used  if  arterial  monitoring 

through  the  sheath  is  planned,  or  if  adjunctive  techniques,  such  as 

balloon-assisted  coil  embolization  or  detachable  balloon  embolization, 

are anticipated.

(b)  Sheaths  are  available  in  various  lengths,  most  commonly  10  or  25 cm. 

The  25-cm  version  has  the  advantage  that  it  bypasses  any  tortuosity 

in  the  iliac  arteries.  Having  the  distal  end  of  the  sheath  in  the  aorta 
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 prevents any danger of injuring the iliac artery during catheter introduc-

tion through the sheath.

(c)  Ninety-centimeter sheaths such as the Shuttle® (Cook Inc., Bloomington, 

IN) can reach the carotid and can be used as a large-lumen guiding cath-

eter or added stabilization for a standard guiding catheter (see below).

5.  An  angiogram  is  done  using  a  diagnostic  catheter.  Angiograms  of  the  access 

vessel (carotid or vertebral artery) and PA and lateral views of the intracranial 

circulation are done prior to the intervention.

(a)  Examination  of  the  carotid  or  vertebral  artery  is  necessary  for  guide 

catheter  selection,  and  to  check  for  the  presence  of  atherosclerosis  and 

fibromuscular dysplasia.

(b)  Intracranial images at the beginning of the case are necessary for com-

parison  later,  to  assess  for  arterial  thromboembolic  complications  or 

venous occlusions.

6.  Systemic anticoagulation. Thromboembolic complications can occur during any 

intracranial catheterization, occurring in approximately one in ten patients. 15 Despite  this,  among  various  institutions,  the  use  of  prophylactic  systemic 

anticoagulation during intracranial embolization is quite variable. One group 

advocates  systemic  heparin  in  embolization  of  small  AVMs,  but  not  in  those 

larger than 3 cm in diameter.16 Some never use heparin and other always use it.  The  authors  of  this  handbook  tend  toward  fairly  universal  use  of  systemic 

heparin  for  intracranial  embolization  procedures.  Evidence  from  the  cardiac 

catheterization literature indicates that heparinized saline flush alone is inad-

equate to affect clotting parameters17 but intravenous boluses of 150 units per kg body weight do not appear to provide added protection from thromboembolic 

complications  compared  to  100 U  kg−1 18 .  One  could  surmise  that  practitioners who see more thromboembolic complications tend to use heparin, while those 

that encounter vessel perforations and other hemorrhagic complications avoid 

heparin, although this hypothesis has not yet been tested. Systemic anticoagu-

lation  with  IV  heparin  appears  to  carry  relatively  little  risk  in  patients  with 

unruptured AVMs, and judicious use of heparin even in patients with ruptured 

AVMs also appears to be of relatively low-risk, particularly since the drug can 

be rapidly reversed with protamine.

(a)  Dosing for heparin

●     A loading dose of IV heparin is given (70 U kg ) and 5 min later, a −1

1–3-mL  specimen  of  blood  for  an  activated  clotting  time  (ACT)  is 

drawn from the sheath. The guide catheter is placed in the ICA or 

vertebral artery only after the heparinization is therapeutic (usu-

ally  5 min  or  more  after  the  IV  loading  dose  is  given,  or  after  the 

ACT  has  been  found  to  be  in  the  target  range).  The  ACT  should 

be  kept  between  250  and  300 s  for  the  duration  of  the  procedure. 

Additional  doses  of  heparin  are  necessary  only  during  cases  that 

last longer than several hours.

(b)  Protamine on stand-by – Critical

●  A  syringe  containing  protamine,  enough  to  reverse  the  total 

amount  of  heparin  the  patient  has  received,  should  be  constantly 

available in the endovascular suite for easy access to the operator, 

should hemorrhage occur during the case.

–  Dose  of  protamine  required  to  reverse  heparin:  10-mg 

protamine/1,000-U heparin.

(c)  Other antithrombotic agents

●  Antiplatelet agents. The authors do not recommend routine use of 

antiplatelet medications for most intracranial embolizations except 

in cases where the use of stent-assisted coiling is anticipated.

●   Argatroban  (Novastan ,  Abbott,  North  Chicago,  IL)  is  an  anti-®

thrombotic  suitable  for  use  in  patients  with  heparin  induced 

thrombocytopenia.19,  20  For  neuro-interventional  procedures,  the authors have used the recommended coronary interventional doses 

of 350 µg kg−1 bolus over 3–5 min, and adequacy of antithrombotic effect is monitored by ACT values around 250–300 s. A continuous 

drip  of  10–25 µg  kg−1  min−1  can  be  used  for  longer  procedures,  or, alternatively,  150 µ      −1 g  kg  boluses  at  hourly  intervals  if  the  ACT falls below 250. The saline infusions through the catheter or sheath 

lumen must obviously not contain any heparin. Argatroban has no 

specific antidote, and the only course of action to employ in the case 

of active bleeding is to stop the infusion and wait for the effect to 

wear off. Therefore this agent must be used with caution.
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●                          ™ Bivalirudin  (Angiomax,  The  Medicines  Company,  Cambridge, 

MA)  is  a  synthetic  direct  thrombin  inhibitor  that  is  popular  in 

interventional cardiology and has been used in neuro-endovascular 

procedures in select cases. 21 It can also be used in patients who can-not tolerate heparin, as in cases of heparin-induced thrombocyto-

penia.22 However, like argatroban, there is no rapid reversal agent for  bivalirudin,  and  its  routine  use  in  patients  for  intracranial 

embolization is not recommended.

● Other designer antithrombotics that can be used in patients with 

heparin contra-indications include lepirudin and danaparoid.23

● In  many  hospitals,  many  of  these  unusual  antithrombotics  may 

have restrictions on their use and may require a Hematology con-

sult in order to obtain the drug from the pharmacy.

7.  Guidewire selection for vascular access

(a)  Most  commonly,  0.038  J-tip  wires  (“Safety  wires”)  are  used  for  sheath 

placement.

(b)  Steerable hydrophilic wires such as 0.035 or 0.038-in. angled Glidewire®

(Terumo Medical, Somerset, NJ) can be used to advance a guiding cath-

eter into the desired carotid or vertebral.

(c)  Exchange-length (meaning at least 270-cm long) wires may be needed to 

exchange a curved diagnostic catheter for a straight guide catheter. The 

authors of this handbook frequently use the 0.035-in. diameter, 300-cm 

long Storq ® wire (Cordis Endovascular, Miami Lakes, FL).

8.  Guide catheter selection

Guide  catheters  are  critical  to  the  successful  performance  of  intracranial 

embolization procedures, since they provide a stable platform to send soft, flex-

ible microcatheters into the intracranial vessels (Table 7.1).

a.  Each guide catheter has its advantages and disadvantages and the best 

catheter may vary, depending on the situation.

● Berenstein Large Lumen Balloon Guide Catheter (Boston Scientific, 

Natick, MA)

–  Advantages: Balloon allows for proximal flow control, to pre-

vent distal migration of embolic agent in high flow states.

–  Disadvantages: Relatively small lumen (in spite of its name). 

Short  length  (80 cm)  limits  the  use  to  short  patients  and  a 

very proximal catheter position.

●         ® Envoy (Cordis Neurovascular, Miami Lakes, FL)

–  Advantages:  Relatively  rigid,  provides  a  good  platform  in 

tortuous vessels, larger internal lumen than most other guide 

catheters. Non-hydrophilic coating may be more stable in the 

vessel.

–  Disadvantages: Stiff, and traumatic to the vessel wall. May be 

more thrombogenic than hydrophilic coated catheters.

●                ™ Guider Softip XF guide catheter (Boston Scientific, Natick, MA)

–  Advantages:  Soft,  atraumatic  tip.  Minimizes  risk  of  vasos-

pasm and dissection in narrow, tortuous vessels.

–  Disadvantages: Relatively flimsy and slippery with hydrophilic 

coating,  prone  to  fall  into  the  arch  when  the  vasculature  is 

tortuous.

●          ™ Neuron (Penumbra, San Leandro, CA)

–  Advantages: Relatively rigid proximally, but very flexible dis-

tally,  allowing  for  very  distal  placement  intracranially,  with 

minimal  trauma  to  the  vessel.  This  provides  a  very  stable 

platform in tortuous vessels.

–  Disadvantages:  Distal,  floppy  segment  provides  miserably 

poor  support  if  the  catheter  not  able  to  be  placed  distally. 

Very  long  lengths  of  catheter  (at  least  105 cm)  may  use  up 

microcatheter  length  within  the  guide  catheter  and  thereby 

prevent distal access.

●             ™ Northstar (Cook Medical, Bloomington, IN)

–  Advantages:  Has  an  inner  dilator  that  provides  a  smooth 

transition between guidewire and guide catheter, preventing 

the large diameter lumen from scraping along the vessel and 

catching on turns and plaques as it is advanced. This dilator 

also  allows  introduction  without  the  use  of  a  groin  sheath. 

Relatively rigid, providing a stable platform.

 

210                  7.4. Endovascular technique                                                     INTRACRANIAL EMBOLIZATION PROCEDURES

Table 7.1 Common neuro guide catheters

Distal      Outer

flexible     diameter      Inner

Length      zone     (French     diameter

Catheter      Manufacturer       (cm)        (cm)       size)      (inches)

Berenstein         Boston Scientific    80                           6 (11.5-       0.042 large-lumen                                                      mm diam-balloon guide                                                       eter distal 

balloon)

Envoy® 5 Fr        Cordis              90 or 100                   5             0.056 6 Fr                                                                          6               0.067 7 Fr                                                                          7 Guider Softip™     Boston Scientific    90 or 100       7            5             0.053 or XF 5 Fr                                                                                 0.071 6 Fr                                                                          6               0.064 7 Fr                                                                          7               0.073 8 Fr                                                                          8               0.086 9 Fr                                                                          9               0.099 Neuron™          Penumbra         105 or 115     6 or 12      6 (5 dis-      0.053

tally)

Northstar™         Cook               90                          6             0.060 Lumax® 6 Fr

7 Fr                                                                          7               0.073 8 Fr                                                                          8               0.086 9 Fr                                                                          9               0.099 Pinnacle®          Terumo            90                         Approx.       0.071 Destination ®                                                        7.5 Guiding sheath 

5 Fr

6 Fr                                                                          Approx.        0.083

8.5

Shuttle® Sheath    Cook               90                          Approx.       0.074 5 Fr                                                                          6.5 6 Fr                                                                          Approx.        0.087

7.5

7 Fr                                                                          Approx.        0.100

8.5

8 Fr                                                                          Approx.        0.113

9.5

 

–  Disadvantages: Smaller internal diameter than that of other 

guide  catheters.  The  rigid  design,  coupled  with  the  slippery 

hydrophilic coating can cause the catheter to slip out of posi-

tion, especially in tortuous vessels.

●            ®            ® Pinnacle Destination (Terumo Medical, Somerset, NJ)

–  Advantages:  Designed  as  a  long  sheath  to  also  act  as  a 

guide catheter. Inner dilator provides a smooth transition to 

guidewire as it is advanced. Relatively rigid to provides a very 

stable platform. Large lumen. An inner guide catheter can be 

placed to provide added stability (“Tower of Power”).

–  Disadvantages: Rigid sheath should not be placed too distally 

or  in  small  vessels  to  prevent  vessel  injury.  Somewhat  less 

rigid and less stable than other systems.

●          ® Shuttle (Cook Medical, Bloomington, IN)

–  Advantages:  A  90-cm  sheath  that  can  access  the  carotid  or 

vertebral.  Very  large  internal  lumen.  Inner  dilator  gives 
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smooth  transition  to  a  0.038  inch  wire  for  smooth  advance-

ment. Various 105-cm long curved inner catheters are avail-

able to facilitate selection of vessels from the aortic arch. Very 

rigid and very stable. Can use an inner 100 cm or longer guide 

catheter to create an even stiffer “Tower of Power”.

–  Disadvantages:  Big,  stiff  sheath  can  be  traumatic  to  the 

 vessel.  Not  easily  used  in  tortuous  vessels.  Care  must  be 

taken to keep large internal lumen flushes with heparinized 

saline because large amounts of blood collecting in lumen can 

create very large thrombi.

(b)  Guide catheter size

● Length:  Should  be  enough  to  access  the  vessel  of  choice  with 

 little  excess  hanging  out  of  the  groin  sheath.  This  maximizes  the 

distance  the  microcatheter  can  be  advanced  in  the  intracranial 

vessels.  For  the  average  sized  patient,  a  90-cm  length  works  well 

to access the internal carotid or vertebral. If the Neuron™ is being used, longer lengths (105 or 120) cm may be needed since this cath-

eter can be placed much more distally.

● Diameter:  6-French  outer  diameter  for  most  cases  allows  good 

 support and adequate internal diameter to place the microcatheter 

and have sufficient clearance to flush and inject contrast.

● High-support 6 or 7 French if the need for added support is antici-

pated

● Smaller 5 French if the vessel caliber is small and collateral circu-

lation is limited (e.g., for use in a small vertebral artery when the 

contralateral vessel is hypoplastic)

–  Advantage:  Less  traumatic.  May  be  able  to  place  more 

 distally than larger catheter.

–  Disadvantage:  More  difficult  to  obtain  angiograms  with 

the  microcatheter  in  place  because  of  limited  space  within 

the  guide  catheter.  The  use  of  a  smaller  microcatheter  can 

improve this.

● Diagnostic  5-  or  even  4-French  catheters  can  be  used  as  a  guide 

catheter  in  children  or  smaller  adults.  A  catheter  that  accepts  at 

least a 0.038-in. wire will accommodate a microcatheter, although 

it is less stable than a dedicated guide catheter.

(c)  Straight or angled?

● Straight  guide  catheter  is  useful  in  relatively  straight  vessels,  or 

in  situations  where  the  guide  catheter  will  be  gently  navigated 

through a convoluted vessel over a wire or co-axially over a micro-

catheter.

–  Usually requires exchanging (see below).

–  Preferred for the vertebral artery.

–  Preferred for glue embolization since an angle can cause the 

tip of the guide catheter to indent the microcatheter, and can 

squeeze  (“milk”)  glue  out  of  the  microcatheter  if  it  is  pulled 

back though the guide catheter.

● Angled guide catheter is useful when the final position of the cath-

eter tip is in a vessel curve

–  Angled  catheters  are  easier  to  navigate  through  the  aortic 

arch than straight catheters

9.  Guide catheter placement technique

(a)  Direct navigation method

● Useful  in  young  patients  with  non-tortuous,  non-atherosclerotic 

vessels.

●   The catheter is flushed with heparinized saline. ● If  a  long  dilator  is  available  for  the  guide  catheter  (as  with  the 

Northstar ™)  the  dilator  is  inserted  into  the  guide  catheter  and flushed.

● A  rotating  hemostatic  valve  with  a  continuous  saline  infusion  is 

attached to the hub.

● Advance a wire to the very tip of the guide catheter to stiffen it and 

allow passage through the valve in the hub of the sheath.

● Sometimes, in younger patients, even a straight guide catheter can 

be manipulated into the vessel of choice using a curved, steerable 

wire  such  as  the  0.038-in.  Glidwire®  (Terumo  Medical,  Somerset, NJ).
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● An angled guide catheter can usually be gently navigated directly 

into  the  carotid  or  vertebral  artery  over  a  0.035-in.  or  0.038-in. 

hydrophilic wire.

(b)  Exchange method

● Useful in patients with tortuous anatomy, atherosclerosis, or fibro-

muscular dysplasia. This technique can minimize the risk of injury 

to the carotid or vertebral artery, particularly at the vessel origin.

● A 5-French diagnostic catheter is guided into the CCA or vertebral 

artery over an exchange-length (270–300 cm) wire.

● The tip of the wire is advanced into a distal branch of the ECA or 

into  the  distal  extracranial  vertebral  artery  (usually  the  first  90° 

turn of the vessel at C2) using roadmapping technique.

● The diagnostic catheter is then gently removed while the tip of the 

hydrophilic wire is continuously visualized on fluoroscopy.

● The  hydrophilic  wire  is  wiped  down  with  a  dripping-wet  Telfa 

sponge.

● The  guide  catheter  is  advanced  over  the  wire  while  continuously 

visualizing the tip of the wire.

(c)  Guide catheter positioning

● Carotid  system.  Using  roadmapping,  the  guide  catheter  is 

advanced  over  a  hydrophilic  wire  into  the  ICA  as  distally  as 

possible. A “high position” of the guide catheter will maximize the 

stability of the guide and improves control over the microcatheter 

and  microwire.  In  a  non-tortuous,  healthy  carotid  system,  the 

authors prefer to position the tip of the guide catheter in the verti-

cal segment of the petrous ICA. In a cervical ICA with a signifi-

cant  curve  in  the  vessel,  the  guide  can  be  adequately  positioned 

immediately proximal to the curve. Moderate curves in the vessel 

can  be  straightened  out  by  guiding  a  relatively  stiff  hydrophilic 

wire  (e.g.,  an  0.038-in.  wire)  through  the  affected  segment,  fol-

lowed by the catheter.

● Vertebral  artery.  Using  roadmapping,  the  guide  catheter  is  posi-

tioned  in  the  distal  extracranial  vertebral  artery,  usually  at  the 

first curve (at C2).

● Once  the  catheter  is  in  position,  a  gentle  injection  of  contrast 

through the guide catheter under fluoroscopy is done, to examine 

the  configuration  of  the  vessel  around  the  tip  and  to  check  for 

the  presence  of  vasospasm  or  vessel  dissection  around  the  tip.  If 

catheter tip-induced vasospasm is present and flow-limiting, with-

drawal of the catheter tip by several millimeters is often sufficient 

to restore the flow.

● The catheter tip may slide up and down and rub against the vessel 

wall with each heart beat; be sure to take this into account when 

positioning the catheter.

10.  Guide catheter irrigation

(a)  Continuous  irrigation  of  the  guide  with  heparinized  saline  (5,000-U 

heparin per 500-mL saline) is important.

(b)  A  three-way  stopcock  connects  the  heparinized  saline  flush-line  to  a 

rotating  hemostatic  valve  (RHV)  to  allow  continuous  infusion  of  saline 

through  the  guide  while  microcatheters  or  other  devices  are  being 

inserted. The authors attach a large-bore one-way stopcock between the 

RHV and the guide catheter to allow control of back-bleeding if the RHV 

is opened.

(c) Warning: If using a large-bore stopcock between RHV and guide catheter, 

do not attempt to close the stopcock when wires or microcatheters are in 

place in the guide catheter. They can be severely damaged.

(d)  Meticulous attention to the guide catheter RHV throughout the case is 

necessary to identify thrombus or bubbles, should they appear.

(e)  The heparinized saline drip should be periodically monitored to ensure 

that  it  is  dripping  slowly,  but  continuously,  and  there  is  still  sufficient 

fluid in the saline bag to last for the case.

11.  Maintaining guide catheter position

(a)  It  is  vitally  important  to  fluoroscopically  monitor  the  position  of  the 

guide  catheter  periodically  during  the  microcatheter  access  phase  and 

embolization phase of the procedure.

(b)  The guide catheter may become displaced during microcatheter manipu-

lation,  which  can  result  in  kinking  of  the  microcatheter,  can  make  it 

INTRACRANIAL EMBOLIZATION PROCEDURES                                            7.4. Endovascular technique                 213

 difficult to access the desired microcatheter position and can cause sud-

den, undesired displacement of the microcatheter.

(c)  Guide  catheter  position  can  be  easily  monitored  with  biplane  angi-

ographic systems, by having at least one imaging plane including the tip 

of the guide catheter.

(d)  Any  displacement  of  the  guide  catheter  tip  should  be  corrected,  and,  if 

the catheter appears to unstable, replacement with a more stable guide 

catheter system should be considered.

12. Special situation: Tips on using the Neuron™.

(a)  This guide catheter is intended to be placed very distally in the carotid 

or vertebral artery.

(b)  The  105-cm  length  is  adequate  for  most  situations.  The  120-cm  length 

is  only  necessary  for  very  tall  patients  or  very,  very  distal  catheter 

 placement.

(c)  Since  the  Neuron  catheter  tip  is  as  soft  as  a  microcatheter,  it  can  eas-

ily  be  damaged  ifinserted  through  the  sheath  hemostatic  valve.  Two 

 techniques can be used to insert it in the sheath.

● Insert  a  0.035  or  0.038-in.  hydrophilic  wire  backwards  (stiff  end 

first) into the Neuron with the stiff end just to the tip of the cath-

eter, then insert the catheter just into the sheath. The wire is then 

removed and reversed so that the soft end of the wire leads as the 

catheter is advanced through the vascular system. Never insert the stiff end of the guidewire into the vessel.

● It  is  simpler  to  first  position  a  diagnostic  catheter  in  the 

desired carotid or vertebral artery, then leave a 0.035 or 0.038 

exchange  wire  in  the  vessel,  remove  the  diagnostic  catheter, 

then insert the Neuron™ over the exchange wire into the sheath and continue advancing over the exchange wire into the target 

vessel.

(d)  Given the extremely floppy distal end of this guide catheter, it is usu-

ally  not  feasible  to  primarily  advance  it  over  a  wire  from  the  sheath 

into the brachiocephalic vessels, except in very easy, straight vascular 

anatomy.

(e)  The  company  makes  curved  inner  catheters  to  assist  manipulation  of 

the  Neuron™  into  position,  although  these  catheters  are  very  limp  and 

provide  minimal  support.  The  authors  have  found  it  easier  to  use  an 

exchange  wire  placed  first  with  a  curved  diagnostic  catheter  to  get  the 

Neuron ™ into the proximal carotid or vertebral.

(f)  Once in the proximal access vessel, contrast is injected in order to obtain 

a  mask  for  roadmapping.  There  are  then  two  ways  to  get  the  Neuron ™

into its final, distal position.

● The  guide  catheter  may  be  positioned  in  the  intracranial  carotid 

or  vertebral  by very  carefully  advancing  the  catheter  over  a  0.035 Glidewire ®  (Terumo  Medical,  Somerset,  NJ).  The  relatively  stiff wire  is  needed  to  support  the  floppy  Neuron™,  but  must  be  used with extreme caution in the intracranial vessels.

● The  authors  of  this  handbook  prefer  a  coaxial  technique  of 

advancing  a  microcatheter  over  a  microwire  through  the 

Neuron into the target vessel distal to the desired final position 

of  the  guide  catheter.  The  Neuron™  is  then  advanced  over  the microcatheter  to  its  final  position.  A  more  substantial  micro-

catheter  such  as  a  Renegade®  (Boston  Scientific,  Inc.,  Natick, MA) or Prowler® Plus (Cordis Neurovascular, Miami Lakes, FL) can  provide  good  support  to  facilitate  distal  placement  of  the 

Neuron™.

(g)  Optimal  positioning  is  distal  to  at  least  two  90°  turns  in  the  vessel  to 

provide sufficient support for the coaxial placement of a microcatheter.

(h)  The  Neuron™  will  accept  most  microcatheters,  but  it  may  be  dif-

ficult  to  inject  contrast  around  18-system  microcatheters  like  the 

Renegade ®                                               ® (Boston Scientific, Inc., Natick, MA) or Prowler Plus (Cordis 

Neurovascular, Miami Lakes, FL).

(i)                                              ™ Warning :  When  the  Neuron  is  in  its  final  intracranial  position,  use 

caution when flushing or injecting contrast. Smaller volumes and lower 

pressures  should  be  used  since  the  pressure  is  transmitted  directly  to 

the intracranial vessels. This can be particularly dangerous if there is an 

aneurysm nearby the catheter tip. Avoid using a power-injector with the 

Neuron™.
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7.4.5.       Microcatheter access phase

Once  a  stable  guide  catheter  position  is  achieved,  a  microcatheter  is  coaxially 

advanced to a position from which the embolic material can be delivered to the target lesion.

1.  Roadmap guidance:

Absolutely critical for safe and effective intracranial catheterization

(a)  Contrast is injected and a mask image of the vascular tree is saved, and 

superimposed digitally on the live fluoroscopic image.

(b)  Roadmapping ensures safe and expeditious navigation through the com-

plicated and tortuous intracranial vascular anatomy.

(c)  Biplane roadmapping is best.

(d)  3D roadmapping is available on newer angiographic suites.

(e)  If the patient moves or if a different projection is required to negotiate a 

turn, another roadmap mask can be obtained.

2.  Microcatheter selection

(a)  There are many microcatheters, and the optimal choice depends on how 

large or how distal the target vessel is, what embolic agent will be used, 

and the training and experience of the operator.

(b)  Microcatheters come in three flavors (varieties):

● Over  the  wire  microcatheters  are  by  far  the  most  common.  With 

these  microcatheters,  a  curved  microwire  is  manipulated  toward 

the  target  position  and  the  microcatheter  is  passively  advanced 

over  the  wire  until  it  reaches  the  proper  position.  The  Tracker® catheter  was  the  first  successful  example  of  this  variety,  and  was 

characterized  by  variable  stiffness  in  its  segments:  The  proximal 

end  was  fairly  rigid  to  allow  for  advancement,  gradually  tapering 

in outer diameter, and becoming softer and more flexible, to allow 

for  passage  through  small,  tortuous  vessels.  Current  versions  of 

this  type  of  catheter  tend  to  have  more  gradual  gradations  from 

one degree of stiffness to another and have braiding or stiffeners in 

the wall to improve forward transmission of pushing power and to 

prevent kinking of the catheter as it takes sharp turns. Hydrophilic 

coating  reduces  friction  between  the  microcatheter  and  guiding 

catheter,  and  with  the  vessels.  It  also  may  reduce  the  risk  of  clot 

accumulation on the catheter.24

–  Advantages:  Versatile.  Stable  position  possible.  Relatively 

large lumen accepts various guidewires and various types of 

embolic agents. Most are somewhat flexible. Distal tip can be 

steam shaped and some have available pre-shaped curves.

–  Disadvantages:  Somewhat  stiff.  May  traumatize  very  small, 

very tortuous vessels. The wire is usually advanced distal to 

the tip, so the wire can traumatize perforate small branches.

● There are only a small number of flow-directed microcatheters, and 

some  are  more  flow-directed  than  others.  Many  would  maintain 

that the only true flow-directed system is the Magic® microcatheter (AIT-Balt, Miami, FL). These are so flexible distally that the tip is pulled along by blood flow, making this a good choice for high flow 

lesions such as AVMs.

–  Advantages:  Very  flexible  and  atraumatic  to  the  vessel. 

Can be advanced very distally in tortuous vessels. The ideal 

microcatheter for vessels less than 2 mm in diameter. Distal 

tip can be steam shaped. Flow direction limits need to use a 

wire beyond the tip of the catheter, reducing the risk of vessel 

trauma or perforation by the wire.

–  Disadvantages: Small lumen limits the size of usable micro-

guidewires and also limits the type of embolic agent. Catheter 

position may be less stable than over-the-wire types.

● Steerable  microcatheters  are  the  least  common  and  are  basically 

over-the-wire catheters that have the added benefit of a steerable 

tip of the microcatheter.

–  Advantages: Steerable tip may allow access to difficult angu-

lated  branches.  Distal  tip  steam  shapeable.  Tend  to  be  very 

stable once positioned.

–  Disadvantages:  The  stiffest  of  all  microcatheters.  Not  suit-

able for very small or very distal vessels. The wire is usually 
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advanced  beyond  the  tip  of  the  catheter  so  can  traumatize 

small vessels.

(c)  Two-marker,  over-the-wire  microcatheters,  rather  than  single-marker 

catheters, are necessary for the use of detachable coils. The two markers 

in microcatheters used in detachable coils are always 3 cm apart to deter-

mine that the coil is properly deployed. This feature can also be used for 

calibration and measurements. These two markers may make the distal 

3 cm minimally stiffer than one marker catheters, but do not preclude the 

use of embolic agents other than detachable coils.

(d)  Microcatheter shape: Pre-shaped versus straight versus steam-shaped

● A shaped microcatheter can be advantageous in accessing vessels 

that arise from the main vessel at an acute angle, and in stabilizing 

the microcatheter during embolization.

● When  available,  pre-shaped  microcatheters,  are  preferable  since 

they retain their shape better than steam-shaped microcatheters.25 A side-benefit of using a pre-shaped microcatheter is the peel-away 

introducer  packaged  with  the  pre-shaped  catheters,  at  least  the 

ones from ev3 and Boston Scientific. The peel-away introducer tem-

porarily  straightens  the  curve  to  allow  easy  introduction  into  the 

RHV of the guide catheter. Steam-shaping is reserved for obtaining 

catheter shapes that are not available in pre-shaped devices.

Commonly used microcatheters.

The  choice  of  microcatheter  is  critical  to  the  successful  performance  of 

intracranial  embolization  procedures.  These  devices  are  only  those  com-

monly used by the authors and this list is by no means exhaustive (Tables 

7.2 through 7.4).

 

Table 7.2 Common over-the-wire microcatheters

Catheter    Manufacturer    Length      Outer      Inner       Comments

(cm)     diameter   diameter

(French     (inches)

size)

Echelon™ 10    ev3              150          2.1–1.7      0.017        DMSO compatible. 

distally Two pre-shaped 

curves available

Echelon™ 14    ev3              150          2.4–1.9      0.017        DMSO compatible. 

distally Two pre-shaped 

curves available

Excelsior®      Boston            150           2.4–1.7       0.0165       Five pre-shaped SL-10         Scientific                       distally                    curves available Excelsior®      Boston            150           2.6–2.0       0.019        Five pre-shaped 1018®        Scientific                       distally                    curves available Prowler® 10    Cordis            70 or 150      2.3–1.7      0.015        Five pre-shaped 

or 170        distally                     curves available.

Prowler® 14    Cordis            70 or 150      2.3–1.9      0.0165       Three pre-shaped 

or 170        distally                     curves available.

Prowler®       Cordis            150 or 170    3.0–2.3       0.021        Three preshaped Plus                                          distally                    curves available. Rebar® 10     ev3              153          2.3–1.7      0.015        DMSO compatible

distally

Rebar® 14     ev3              153          2.4–1.9      0.017        DMSO compatible

distally

Rebar® 18     ev3              110 or 153    2.8–2.3      0.021        DMSO compatible

distally

Rebar®.027    ev3              110 or 145    2.8          0.027        DMSO compatible Renegade®    Boston          150          3.0–2.5      0.021 18            Scientific                       distally
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Table 7.3 Common flow-directed microcatheters

Outer      Inner

diameter    (distal)

Length    (French    diameter

Catheter    Manufacturer     (cm)       size)     (inches)       Comment

Magic®      Balt               155 or       2.7–1.8      0.013        Various distal floppy 

165        distally                   segments and also 

“olive” available

Magic® 1.5   Balt                155 or        2.7–1.5      0.010        Various distal floppy 

165        distally                   segments and also 

“olive” available

Magic® 1.2   Balt                165          2.7–1.2       0.008        Various distal floppy 

distally segments and also 

“olive” available

Marathon™   ev3              165         2.7–1.3      0.013       DMSO compatible. 

distally High burst pres-

sure. Not very flow-

directable

Ultraflow ™    ev3                165          3.0–1.5       0.012 or      DMSO compatible. 

distally        0.013         More flow-directed 

than Marathon, 

but not as burst-

resistant

 

Table 7.4 Common steerable microcatheters

Outer

diameter     Inner

Length    (French    diameter

Catheter   Manufacturer     (cm)      size)      (inches)       Comments

Pivot™        Boston Scientific   150          2.4–1.9       0.017         Not currently 

distally                         available

Courier®      Micrus            150         3.0–2.9      0.017         Tip deflects up to Enzo™ 170                                distally                   90 degrees in either 

direction

Courier®      Micrus            150         3.1–3.0      0.019         Tip deflects up to 90° Enzo™ 190                                distally                   in either direction

 

●   Steam shaping technique:

–  Shape the wire mandrel into the desired shape, with an exag-

gerated degree of curvature (as the microcatheter will recoil 

to some degree after steam-shaping).

–  Hold over steam for 10 s.

–  Cool in sterile water and remove mandrel.

–  Non-braided  (e.g.,  Tracker®            ®  and  Magic)  and  fiber-braided 

(e.g.,  Excelsior ®)  microcatheters  are  more  likely  to  retain their shape after steam shaping than metal coil-braided (e.g., 

Prowler and Echelon™            25 ) microcatheters.

3.  Microwire selection

(a)  A wide variety of microwires are available, with differing properties such 

as size, softness, visibility on fluoroscopy, shapeability, and steerability, 

trackability, and torque control.

(b)  All microwires suitable for neuro-endovascular procedures are hydrophil-

lically coated to reduce friction.

(c)  Wires can have a shapeable distal tip or may come pre-shaped from the 

manufacturer.

(d)  Shapeable tips are usually made of platinum, which makes it quite vis-

ible on fluoroscopy
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(e)  Sizes of microwires range from 0.008 in. for the tiny Mirage™ (ev3, Irvine, 

CA)  to  a  variety  of  0.10 in.  and  even  more  0.014-in.  wires  up  to  the 

robust  0.016-in.  Headliner™  (Terumo  Medical  Corporation,  Somerset, 

NJ).  Larger  diameter  wires  are  available,  but  are  generally  a  tight  fit 

in commonly used microcatheters and are too stiff for safe intracranial 

navigation.

(f)  In general, 0.010 in. or smaller wires are used in flow-directed catheters, 

0.014-in. wires are used in most other microcatheters. Any of the wires 

larger than 0.014 in. are only used rarely when a large lumen microcath-

eter is used and added torque or support is needed.

(g)  Microwires can be broadly classified according to the design and compo-

sition of the core wire that forms the backbone of the microwire:

●   Stainless steel core wires like Mirage or Silverspeed (ev3, Irvine, ™           ®

CA) or Agility® (Cordis Neurovascular, Miami Lakes, FL).

–  Superior  torque  control,  compared  with  many  other  micro-

wires.

–  Heightened radio-opacity makes the platinum tip easy to see 

on fluoroscopy.

–  Shapeable tip.

–  Easily kinked.

●   Nitinol core wires like the Headliner (Terumo Medical Corporation, ™

Somerset, NJ)

–  Tip shape supplied by manufacturer.

–  J-tip is quite atraumatic to the vessel walls.

–  Best suited for uncomplicated vessel anatomy (tends to follow 

the straightest vessel).

–  Very kink-resistant.

●                                            ™ Composite  alloy  flat-cores  like  Transend  EX  (Boston  Scientific, 

Inc., Natick, MA)

–  Advantage: Superior torque control than most other wires.

–  Kink resistance tends to be more than that of stainless steel 

core, but less than that of nitinol core wires.

–  Tip shapeable. Note: Tip should be shaped in the direction of 

the natural curve of the wire to take advantage of the torque 

characteristics of the flat core.

●           ® Synchro-14 0.014 in. (Boston Scientific, Inc., Natick, MA)

–  Very  soft,  flexible  distal  tip,  good  for  navigation  into  small 

vessels or through difficult anatomy.

–  “Supreme torque control.”

4.  Microcatheter irrigation

(a)  Continuous  irrigation  of  the  microcatheter  as  well  as  the  guide  cath-

eter  with  heparinized  saline  (5,000-U  heparin  per  500-mL  saline)  is 

 important.

(b)  A  three-way  stopcock  connects  the  heparinized  saline  flush-line  to  a 

rotating hemostatic valve (RHV) to allow continuous infusion of saline.

(c)  Heparinized saline infusion ensures hydration of the hydophillic coating 

on the microwire and minimizes friction.

(d)  Meticulous  attention  to  the  microcatheter  (and  guide  catheter)  RHV 

throughout the case is necessary to identify thrombus or bubbles, should 

they appear.

(e)  The heparinized saline drip should be periodically monitored to ensure 

that  it  is  dripping  slowly,  but  continuously,  and  there  is  still  sufficient 

fluid in the saline bag to last for the case.

5.  Microcatheter/microwire assembly preparation

(a)  The chosen microcatheter is removed from is package, maintaining ster-

ile technique.

(b)  The  plastic  hoop  housing  the  microcatheter  is  flushed  to  hydrate  the 

hydrophyllic coating.

(c)  If necessary, the tip of the microcatheter can be steam shaped over the 

small mandrel that usually comes packaged with the catheter.

(d)  The hub of the microcatheter is attached to an RHV and the lumen of the 

RHV and microcatheter are flushed with heparinized saline to purge all 

air from the system.

(e)  Using  a  wire  introducer  (which  looks  like  a  long,  hollow,  flat-tipped 

needle)  the  chosen  microwire  tip  on  a  shapeable  wire  may  be  shaped 

by gently pulling the distal 5–10 mm of the wire across the shaft of the 
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introducer to curve the wire. The more firmly the wire is pulled across 

the introducer, the sharper the curve on the wire will be.

(f)  The  shaped  wire  is  then  inserted  in  the  introducer,  the  introducer  is 

inserted through the RHV down to the hub of the microcatheter, and the 

microwire is carefully inserted into the microcatheter.

(g)  If  a  very  tight  curve,  such  as  a  J-shaped  tip  is  desired,  some  difficulty 

may be encountered when trying to insert it into the wire introducer. It 

may be easier to first insert the microwire all the way into the microcath-

eter, extend the tip of the wire beyond the tip of the microcatheter, shape 

the wire, then pull it back to the tip of the microcatheter.

(h)  Alternatively,  one  can  insert  the  wire  into  the  introducer,  then,  with 

the  tip  of  the  wire  extending  out  beyond  the  tip  of  the  introducer,  use 

a second introducer to shape the tip. The wire is then pulled back such 

that its tip is just inside the introducer, the wire/introducer assembly is 

inserted  through  the  RHV  and  the  wire  can  then  be  inserted  into  the 

microcatheter.

(i)  Once the microwire is well in the microcatheter, the wire-introducer can 

be pulled out of the RHV and removed from the wire.

(j)  The RHV on the microcatheter is tightened slightly to ensure easy pas-

sage of wire in (or out) of the microcatheter, but without leakage of saline 

back out of the valve. This will ensure that the lumen of the microcath-

eter  is  perfused  with  heparinized  saline  without  any  back-up  of  blood 

into the microcatheter.

(k)  Once the microwire is inserted to the tip of the microcatheter, a torque 

device is attached to the microwire, and all connections and infusions are 

checked, the assembly is ready to be advanced into the RHV of the guide 

catheter.

6.  Over-the-wire microcatheter placement technique.

These systems are by far the most commonly used for delivery of most embolic 

agents, for many different pathological conditions. The smaller “10-size” micro-

catheters are fairly flexible, although not as flexible as flow-directed microcath-

eters. Larger “14-size” are stiffer, and the “18-size” systems are extremely stiff, 

but have a much larger lumen. The over-the-wire microcatheter is most appro-

priate  for  relatively  proximal  intracranial  catheterizations  and  where  large 

particles or microcoils are the embolic agent of choice. If Onyx® (ev3, Irvine, CA) is  contemplated  as  an  embolic  agent  in  the  case,  a  DMSO-compatible  micro-

catheter must be used.

(a)  Virtually  all  over-the-wire  microcatheters  have  hydrophilic  coating 

and  come  packaged  in  a  plastic  hoop  that  can  be  flushed  with  sterile 

heparinized saline to hydrate the coating.

(b)  Attach an RHV and gently but thoroughly flush the system to purge all 

air.

(c)  Using  a  wire  introducer,  carefully  insert  a  suitable  microwire  (usually 

0.014 in.)  through  the  RHV  and  into  the  microcatheter  to  its  distal  tip. 

The  authors  use  the  0.014-in.  Synchro™  Soft  wire  (Boston  Scientific, Natick, MA) for most cases.

(d)  An  appropriate  curve  on  the  microwire,  usually  a  90°  curve  or  slightly 

J-shaped curve, allows selection of desired branches.

(e)  A torque device must be attached to the proximal end of the microwire. 

This allows torqueing of the wire to rotate the distal curved tip. It also 

allows controlled advancement and withdrawal of the wire.

(f)  Carefully  insert  the  microcatheter  into  the  RHV  of  the  guide  catheter 

and advance it to the distal tip of the guidecatheter. Both the Echelon™ and Rebar® (ev3, Irvine, CA) have a marker on the shaft of the catheter that indicates that the tip is approaching the tip of a 90-cm guide cath-

eter, to limit the need for fluoroscopy.

(g)  Under-roadmap guidance, carefully advance the microwire into the vas-

cular system, and follow with the microcatheter.

(h)  In  straight  segments  of  the  vessel,  the  catheter  tip  can  be  advanced 

beyond the wire, which limits the risk of vessel damage or perforation.

(i)  Around sharp turns or where the vessel branches, the microwire is care-

fully guided around the curve by rotating the wire.

(j)  Fixing  the  microwire  in  space,  the  microcatheter  can  be  advanced  over 

the wire and around turns.

(k)  To break the friction between microcatheter and microwire, the wire can 

be gently pulled back and/or rotated.
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(l)  The  guide  catheter  position  should  be  monitored  periodically  during 

microcatheter positioning, since any resistance to forward motion of the 

microcatheter  will  inevitably  create  back-pressure  on  the  guide  cath-

eter.

(m) Periodically during catheter positioning, and certainly once the desired 

catheter position is reached, gently pull back slightly on the microcath-

eter to remove any redundancy.

(n)  Also periodically check that the heparinized saline flush lines attached 

to the guide catheter and microcatheter are dripping and bubble-free.

(o)  When  the  microcatheter  reaches  the  desired  location,  carefully  remove 

the wire and observe the tip of the microcatheter fluoroscopically, since 

moving  the  wire  can  often  release  stored  energy  in  the  microcatheter, 

causing it to move (usually forward).

(p)  Gently  inject  a  small  amount  of  contrast  through  the  microcatheter  to 

confirm catheter positioning, and also to confirm patency of the micro-

catheter. Too much resistance during injection could indicate kinking of 

the  microcatheter.  This  kinking  should  be  resolved  by  pulling  back  on 

the  catheter  before  proceeding  further.  Injection  of  contrast  or  embolic 

material in a kinked catheter can result in catheter rupture, which can 

be a disaster.

(q)  When  all  slack  is  removed,  perform  a  high-resolution  superselective 

arteriogram.

(r)  Carefully evaluate the superselective arteriogram to determine:

●   that the desired position has been reached. ●   that there are no normal brain vessels filling. ● the flow-rate in order to choose an embolic agent and the injection 

rate needed.

● that there is no sign of contrast exiting the microcatheter proximal 

to  the  distal  tip.  This  would  indicate  that  the  microcatheter  has 

been irreparably damaged or even ruptured and must not be used 

for embolization.

(s)  Once  the  microcatheter  is  in  position,  and  confirmed  by  superselective 

arteriography  provocative  testing  may  be  performed  if  necessary  (see 

below). Otherwise, the embolization phase may begin (also see below).

7.  Flow-directed microcatheter placement technique

These systems are most commonly used for liquid embolic delivery, usually in 

the setting of an AVM or AVF. The high flow state in these conditions greatly 

facilitates  rapid  and  accurate  placement  of  the  microcatheter  to  the  desired 

position. If Onyx® (ev3, Irvine, CA) is to be used as an embolic agent in the case, a DMSO-compatible microcatheter must be used.

(a)  Most  flow-directed  catheters  are  packaged  with  a  long  mandrel  that 

can be used to stiffen the catheter and allow insertion through the RHV 

into  the  guide  catheter. Never  advance  the  mandrel  beyond  the  tip  of 

the microcatheter or use it like a guidewire in the vascular system. The 

mandrel is not soft enough for intravascular use.

(b)  Since the flow-directed catheter can be advanced more effectively using a 

guidewire, the authors usually use the guidewire instead of the mandrel 

to facilitate advancement through the R HV.

(c)  Flush the plastic hoop in which the microcatheter is packaged to hydrate 

the hydrophilic coating.

(d)  Remove the catheter from the hoop and immerse the catheter in a large 

bowl of sterile, heparinized saline.

(e)  If packaged with a mandrel, gently remove the mandrel from the micro-

catheter. Having the microcatheter immersed in saline prevents aspirat-

ing air into the catheter as the mandrel is withdrawn.

(f)  Attach an RHV and gently but thoroughly flush the system to purge all 

air.

(g)  Using a wire introducer, carefully insert a microwire (0.010 in. or smaller) 

through the RHV and into the microcatheter to its distal tip. The authors 

use the 0.008-in. Mirage™ (ev3, Irvine, CA).

(h)  Carefully  insert  the  microcatheter  into  the  RHV  of  the  guide  catheter 

and advance it to the distal tip of the guidecatheter. Both the Marathon ™

and Ultraflow™ (ev3, Irvine, CA) have a marker on the shaft of the cath-

eter that indicates that the tip is approaching the tip of a 90-cm guide 

catheter, to limit the need for fluoroscopy.

(i)  Under-roadmap guidance, advance the flow-directed microcatheter into 

the vascular system. Note that the tips of most flow-directed microcath-
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eters are quite small and tend to move very quickly, so good fluoroscopic 

imaging  equipment  and  a  watchful  eye  are  needed  to  keep  the  tip  in 

view.

(j)  Let  the  blood  flow  carry  the  tip  forward,  and  advance  the  catheter  for-

ward at a rate fast enough to keep the catheter moving, but not so fast 

that redundant loops form in the neck. It is helpful to have one plane of 

a biplane roadmap system include the tip of the guide catheter to ensure 

that the microcatheter does not loop in the neck or displaces the guide 

catheter.

(k)  For the most part, keep the microwire within the microcatheter, and do 

not advance it beyond the tip. Remember that it is much more likely that 

a  vessel  could  be  damaged  or  perforated  with  a  wire  than  with  a  soft 

catheter.

(l)  A curve on the wire can be rotated within the microcatheter to redirect 

the tip of the catheter.

(m) If  the  tip  does  not  advance  as  the  microcatheter  shaft  is  advanced  at 

the  groin,  sometimes  pulling  the  wire  back  gently  will  cause  the  tip  to 

advance.

(n)  Only  in  rare  situations  when  a  very  sharp  angle  must  be  negotiated, 

the  microwire  may  need  to  be cautiously  advanced  beyond  the  tip  of  a flow-directed  microcatheter  and  torqued  into  a  sharp  curve  or  sharply 

angulated side-branch.

(o)  Note  that  there  can  be  considerable  friction  between  the  soft  micro-

catheter and the wire, especially with the Magic ® microcatheters (AIT-Balt, Miami, FL). This can cause the wire to jump forward if advanced 

too  vigorously  or  cause  the  catheter  to  “accordion”  and  crumple  on 

itself as the wire is pulled back. These problems can be minimized by 

gently rotating the wire or moving it in and out slightly to break the 

friction.

(p)  Also note that the wire cannot be safely advanced beyond the tip of the 

Magic® 1.2 microcatheter (AIT-Balt, Miami, FL), since the distal lumen is only 0.008 in.

(q)  Another  technique  that  can  be  used  to  facilitate  catheter  advancement 

is  to  remove  the  wire,  and  gently  puff  saline  or  contrast  through  the 

microcatheter.  This  causes  the  tip  of  the  microcatheter  to  move  proxi-

mally a millimeter or two and allow flow to carry the tip in a different 

direction.

(r)  Steam-shaping a 45° curve on the microcatheter can also assist keeping 

the tip in the center of the vessel and making the desired turn.

(s)  Another  solution  to  the  problem  of  insufficient  f low-direction  is  to 

switch  microcatheters.  The  Ultraf low™  (ev3,  Irvine,  CA)  is  more f low  directed  than  the  Marathon™ ®   (ev3,  Irvine,  CA)  and  the  Magic

Standard  microcatheter  (AIT-Balt,  Miami,  FL)  is  far  more  f low 

directed than either ev3 catheter. In the line-up of Magic® microcath-eters,  the  “Olive”  version  has  a  widened  tip  and  is  carried  more  by 

the f low. The very f loppy Magic® 1.2 microcatheter is extremely f low directed, and can even be obtained in an “Olive” version as well.

(t)  In  theory,  if  one  cannot  negotiate  a  sharp  turn  into  a  branch  from  a 

larger vessel, a balloon catheter such as the Hyperglide™ (ev3, Irvine, CA)  into  the  main  vessel  beyond  the  branch,  is  temporarily  inflated 

to  occlude  flow  distally  and  allow  the  flow  to  carry  the  flow  directed 

microcatheter  into  the  desired  side-branch.  This  greatly  adds  to  the 

complexity  of  the  case  and,  in  practice,  the  presence  of  another  intra-

vascular  catheter  can  add  friction  and  impair  the  flow-directional 

capabilities  of  the  microcatheter.  Therefore  this  method  is  not  recom-

mended  except  in  very  unusual  circumstances  where  no  other  options 

are available.

(u)  Periodically during catheter positioning, and certainly once the desired 

catheter position is reached, gently pull back slightly on the microcath-

eter to remove any redundancy.

(v)  Gently  inject  a  small  amount  of  contrast  through  the  microcatheter  to 

confirm catheter positioning, and also to confirm patency of the micro-

catheter. Too much resistance during injection could indicate kinking of 

the  microcatheter.  This  kinking  should  be  resolved  by  pulling  back  on 

the  catheter  before  proceeding  further.  Injection  of  contrast  or  embolic 

material in a kinked catheter can result in catheter rupture, which can 

be a disaster.
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(w) When  all  slack  is  removed,  perform  a  high-resolution  superselective 

arteriogram.

(x)  Carefully evaluate the superselective arteriogram to determine:

●   that the desired position has been reached. ●   that there are no normal brain vessels filling. ● the flow-rate in order to choose an embolic agent and the injection 

rate needed.

● that there is no sign of contrast exiting the microcatheter proximal 

to  the  distal  tip.  This  would  indicate  that  the  microcatheter  has 

been irreparably damaged or even ruptured and must not be used 

for embolization.

(y)  Once  the  microcatheter  is  in  position,  and  confirmed  by  superselective 

arteriography  provocative  testing  may  be  performed  if  necessary  (see 

below). Otherwise, the embolization phase may begin (also see below).

8.  Steerable microcatheter positioning.

These  microcatheters  are  most  appropriate  for  coil  embolization.  Their  posi-

tioning technique is very similar to over-the-wire technique, with a number of 

idiosyncrasies,  given  the  special  steerable  characteristics  of  the  catheter.  The 

Pivot™  (Boston  Scientific,  Natick,  MA)  is  a  radically  different  microcatheter, although its availability is somewhat limited at the time of this writing. It is 

virtually  the  only  true  steerable  microcatheter  available.  This  device  is  con-

structed of a micro-machined metal hypotube, which allows one-to-one torque 

control. The micro-machining produces a variable degree of stiffness along the 

length of the microcatheter, with almost imperceptible transitions between the 

various segments. This makes this a very stable catheter. The Courier® Enzo™ (Micrus  Endovascular,  San  Jose,  CA),  on  the  other  hand,  is  a  microcatheter 

whose  tip  can  deflect  up  to  90°  in  each  of  two  planes  directed  180°  apart.  It 

is  not  actually  steerable,  so  is  not  discussed  in  detail,  but  the  tip  deflection 

capability can be used to point the catheter in the desired direction, assuming 

it deflects in the desired plane.

(a)  A  curve  must  be  steam-shaped  on  the  Pivot™  as  appropriate  for  the 

particular application. One can only steam-shape the most distal 1.5 cm 

of the microcatheter. The shaping mandrel that comes with the catheter 

is  inserted  in  the  catheter  tip,  and  the  catheter  should  be  bent  to  an 

angle greater than the degree of the angle desired. Steaming the cath-

eter tip for 10 s is sufficient. After removing the mandrel, the curve will 

straighten somewhat.

(b)  The catheter comes in pre-shaped tips. If available in the shape needed, 

these  may  be  better,  since  they  keep  their  shape  better  than  steam-

shaped curves.

(c)  Attach an RHV with attached heparinized saline flush to the hub of the 

microcatheter.

(d)  Preload  an  appropriate  guidewire  into  the  microcatheter,  such  as  a 

0.014 in. Transend™        ™ or Synchro wire (Boston Scientific, Natick, MA)

(e)  Use  the  available  peel-away  introducer  to  allow  easy  introduction  of  the 

microcatheter through the rotating hemostatic valve of the guiding catheter.

(f)  Use a fairly robust guiding catheter that is placed as high as safely pos-

sible in the cervical carotid or vertebral artery. This protects the vessel 

as  much  as  possible  from  the  irritation  caused  by  the  rotation  of  the 

microcatheter.  Consider  using  the  Neuron™  (Penumbra,  San  Leandro, 

CA) which can be placed very distally.

(g) The tip of the guiding catheter must be kept in full roadmap field of view. 

The Pivot™ will act to push the guiding catheter back as it is advanced.

(h)  Carefully  advance  the  microcatheter  under  roadmap  guidance  over  the 

guidewire.  When  encountering  a  sharp  turn  in  the  vessel,  the  catheter 

can be gently rotated as it is advanced, to make the turn.

(i)  When rotating the microcatheter, it is most efficient to hold the flange 

at the microcatheter hub. Ensure that any slack in the microcatheter or 

guiding  catheter  is  removed  and  that  the  rotating  hemostatic  valve  on 

the guiding catheter is not too tight, since any of these factors can limit 

the transmission of torque to the tip of the microcatheter.

(j)  If  the  microcatheter  tip  is  not  moving  forward  as  expected,  rotate  it 

slightly, and it may move forward again.

(k)  Beware that the microcatheter can jump forward abruptly as it is being 

rotated,  especially  if  it  has  been  pushed  forward  with  little  response 

at  the  tip.  All  that  pushing  has  stored  energy  into  the  system  and  it 

releases quickly when the catheter is rotated.
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(l)  If  the  microcatheter  will  not  advance  and  the  guiding  catheter  pushes 

back,  pull  back  on  the  microcatheter  to  release  tension,  and  try  again, 

using various combinations of forward pushing and rotating of the micro-

catheter, as well as gentle rotation of the guidewire.

(m) The  stiffness  of  the  micocatheter  can  straighten  small,  sharply  curved 

vessels, so this system may not be appropriate for very distal catheteriza-

tion of small vessels.

(n)  When nearing the target, slow down, remove slack in the microcatheter 

and wire, and make smaller forward pushing and rotating movements, 

to avoid overshooting the target.

(o)  These catheters tend to be extremely stable, once positioned and all slack 

removed.

(p)  The  Pivot™  is  most  suited  for  coil  embolization,  but  can  be  used  with 

other embolic agents such as particles or possibly nBCA glue, although 

it is not FDA approved for glue use.

(q)  Do not use DMSO or Onyx® with this catheter.

9.  Provocative  testing  (see  Provocative  Testing,  Chap.  6)  is  done  in  an  effort  to 

confirm that the vessel being embolized does not supply eloquent neurological 

territory. Pharmacologic agents such as amobarbital are injected in the vessel 

prior  to  embolization  and  the  patient  is  tested  for  new  signs  of  neurological 

dysfunction.  Most  practitioners  use  this  testing  on  awake  patients,  although 

it  can  be  done  while  the  patient  is  under  general  anesthesia  using  neuro-

physiological  monitoring  with  electroencephalography  (EEG),  somatosensory 

evoked  potentials  (SSEP),  brainstem  evoked  responses  (BAER)  and/or  motor 

evoked potentials (MEP). It is controversial whether it adds any safety to the 

procedure, but provocative testing using EEG has been shown to predict some 

neurological  complications  in  AVM  embolizations.26  SSEP  has  been  shown  to alter therapy in intracranial aneurysm treatment.27 Monitoring is not free from false negatives, and the practitioner should never be lulled into a false sense of 

security even when testing suggests it is safe to embolize, since the pharmaco-

logical agents can go preferentially by the flow to the abnormal territory. This 

is especially true in high flow lesions such as AVM or AVF. The authors caution 

that careful attention to angiographic signs on superselective angiography may 

be just as sensitive as provocative testing to rule out normal territories at risk. 

The technique for this testing is as follows:

(a)  Once the microcatheter is in proper position and slack has been removed, 

provocative testing can begin.

(b)  Remove the rotating hemostatic valve on the microcatheter, and connect 

a three-way stopcock to the microcatheter.

(c)  Using a wet-to-wet connection, connect the labeled 3–5-mL amobarbital 

(25 mg mL−1) syringe to the stopcock attached to the microcatheter.

(d)  Hold the syringe vertical, such that any bubbles rise away from the catheter.

(e)  In awake patients, place a sterile half-sheet over the sterile field over the 

patient’s thorax, to prevent contamination of the field during testing.

(f)  Inject  the  amobarbital  (usually  30–50 mg,  depending  on  the  vessel  size 

and flow-rate) over approximately 5 s into the vessel via the microcath-

eter.

(g)  Immediately disconnect the labeled amobarbital syringe, attach a 3-mL 

syringe and flush with several milliliters of heparinized saline to remove 

any amobarbital left in the catheter.

(h)  Ask  the  patient  if  he  or  she  feels  anything  abnormal,  then  do  a  brief 

neurological  examination,  paying  particular  attention  to  functions  at 

risk from the vascular territory being tested.

(i)  If  the  patient  shows  a  new  deficit,  the  testing  is  considered  abnormal, 

and the vessel should not be embolized from that catheter position.

(j)  In patients under anesthesia, when the barbiturate is injected, adjunc-

tive testing with EEG, SSEP, BAER, and/or MEP can be done.

(k)  If  adjunctive  testing  changes  from  baseline  status,  then  the  testing  is 

also considered abnormal, and the vessel should not be embolized from 

that catheter position.

(l)  If no change on neurological testing and adjunctive testing, the testing 

is normal and suggests that it may be safe to embolize, or at least it is 

safe to proceed to test with lidocaine. Lidocaine may be more sensitive to 

nerve and white-matter tract supply than is amobarbital. Do not inject 

lidocaine if the barbiturate testing is abnormal.

(m) Connect a labeled 3-mL syringe of 2% cardiac lidocaine to the stopcock 

on the microcatheter.
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(n)  Inject  the  lidocaine  (usually  20–50 mg)  over  approximately  5 s  into  the 

vessel via the microcatheter.

(o)  The  neurological  and/or  adjunctive  neurophysiological  testing  is  then 

repeated.

(p)  If no deficit, the testing is normal and it is safe to embolize.

(q)  If a neurological or neurophysiological deficit occurs, the testing is abnor-

mal and the vessel should not be embolized from that catheter position.

(r)  During embolization of a vessel after negative amobarbital and lidocaine 

testing, a change in flow pattern or visualization or different vessels may 

be  seen  after  a  partial  occlusion  of  the  vessel.  Consider  repeating  the 

provocative testing again before completing embolization of the feeder.28

 

7.4.6.       Syringe safety

Many  of  the  procedures  discussed  in  this  book  require  the  use  of  multiple 

agents  in  syringes  on  the  procedure  table.  For  example,  an  embolization  procedure that  may  involve  provocative  testing  requires  syringes  containing  local  anesthetic, saline flush, contrast, amobarbital, lidocaine, embolic material, etc. It is imperative that  these  syringes  containing  different  agents  are  clearly  differentiated,  one  from another. Confusing syringes with anesthetic agents or embolic materials for contrast or  saline  flush  can  lead  to  disastrous  results.  The  authors  use  customized,  labeled, colored syringes (Merit Medical, South Jordan, UT) of various sizes and designs for the various materials. Using the same type of syringe for a certain agent at all times and educating new team members to the routine will minimize confusion and avoid mistakes.

 

7.4.7.       Embolization phase

With  a  microcatheter  in  optimal  position  at  the  site  of  a  vascular  lesion  and 

beyond  supply  to  normal  brain,  the  time  is  ripe  for  occluding  the  vessel  with  an appropriate  embolic  agent.  Ideally,  this  should  have  already  been  chosen,  given the  underlying  vascular  pathology,  the  therapeutic  goal  of  the  procedure  and  the chosen  microcatheter  system.  The  superselective  arteriogram  performed  once  the microcatheter is in its final position should be studied to confirm that the originally chosen embolic agent is still appropriate for the flow rate and distance to the lesion. A variety of embolic agents could be delivered through microcatheters, although some are  more  effective  than  others.  The  single  most  important  principle  of  the  selection process is for the operator to use the system with which he or she is most experienced and comfortable.

1.  Selecting embolic agents.

Anything that causes a vessel to occlude can theoretically be used for intracra-

nial embolization, but the most common and most studied types of agents are 

discussed.

(a)  Liquid embolics

These are agents that are supplied in a liquid state and hence are easily 

injected through small microcatheters. Partly because of this character-

istic, they are the most commonly used embolic agents used in intracra-

nial embolization procedure.

●   Cyanoacrylates. (aka “glue”)

These are acrylic agents that are in a liquid state and polymerize 

when  they  contact  hydroxyl  ions  in  blood.  They  are  the  dominant 

embolic  agents  used  for  intracranial  embolization.29  Although there is histological evidence that some recanalization may occur,30 in  clinical  practice,  glue  is  generally  considered  to  produce  an 

effectively permanent occlusion.31 The most common acrylic agent used in the United States is n-butyl cyanocrylate (NBCA) Trufill® (Cordis Neurovascular, Miami Lakes, FL). Polymerization time can 

be  modified  by  the  addition  of  oil-based  contrast  agents  such  as 

Ethiodol ® (Savage Laboratories, Melville, NY) (whose hydrophobic medium “hides” the acrylic monomer from hydroxyl ions) or glacial 

acetic acid (the acid binds with the hydroxyl ions). 30, 32 Longer chain monomers can slow the polymerization and alter adhesive proper-

ties. 33  Neuracryl  M  2-hexyl  cyanoacrylate  (Prohold  Technologies, 
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El Cajon, CA) is a promising agent, but is not yet approved by the 

FDA. 34

–  Advantages: NBCA is nearly always permanently occlusive.31 

Speed  of  polymerization  is  adjustable  using  Ethiodol  and/or 

glacial acetic acid. Very visible fluoroscopically when Ethiodol 

or  tantalum  powder  added.  With  proper  technique,  can  be 

used in low or high flow states. In some cases can be “pushed” 

to  the  target  lesion  with  dextrose  solution  even  if  micro-

catheter  is  some  distance  from  the  lesion.  Can  be  delivered 

via flow-directed microcatheter.

–  Disadvantages:  Polymerization  time  dependant  on  multifac-

torial  criteria,  including  temperature,  formulation  of  glue 

plus Ethiodol®, rate of blood flow, rate of injection, etc. Liquid agent  can  enter  dangerous  anastamoses  easily.  Requires 

considerable  training  and  experience  to  avoid  problems. 

Adhesive characteristics make it possible to glue the catheter 

in  the  vessel.  Polymerized  glue  is  firmer  than  other  agents 

which can increase the difficulty of the surgical excision of a 

lesion post-embolization.

● Precipitated polymer. (aka non-adhesive liquid embolic agent)

These  agents  are  polymers  insoluble  in  blood  or  water,  dissolved 

in a non-aqueous solvent. When injected into the vascular system, 

the solvent disperses and the polymer precipitates to form a solid 

occlusive  agent.  Onyx®  (ev3,  Irvine,  CA)  is  the  dominant  example of the precipitated polymer and is FDA approved for use in AVMs. 

It  consists  of  ethylene-vinyl  copolymer  (aka  EVAL  or  EVOH)  dis-

solved in dimethyl sulfoxide (DMSO) with added tantalum powder 

to  make  it  radio-opaque.  It  comes  in  several  versions  for  AVMs: 

Onyx®  18  is  6%  EVOH  and  is  used  for  deeper  penetration  of  the nidus, and the thicker Onyx ® 34 is 8% EVOH and is used for high-flow  AVF  feeders.  When  the  mixture  is  injected  into  the  vascular 

system, the DMSO diffuses away and the EVOH precipitates into 

a non-adhesive, soft, spongy material. Another embolic agent that 

forms a stable gel when injected is calcium alginate. It appears to 

show promise in experimental models of AVM, but requires double 

lumen microcatheters to simultaneously inject the alginate and the 

calcium chloride  reactant.35


–  Advantages:  Onyx ®  creates  a  soft,  spongy  solid  precipitate 

easier to handle than glue during surgical excision of embol-

ized lesions.36 Less of an inflammatory response than that of glue.37  Non-adhesive,  so  that  very  long,  and  thorough  injec-tions can be made with little fear of gluing the microcatheter 

in place. Less stressful for the operator than glue. Very visible 

on imaging. With proper technique, can be used in low-flow, 

or high flow lesions.

–  Disadvantages: Onyx ® requires DMSO-compatible microcath-

eters,  which  are  less  flexible  than  non-compatible  catheters 

such as the Magic®. DMSO can be quite toxic to endothelium when injected quickly. The DMSO diffuses out of the precipi-

tated Onyx and causes the patient to smell of DMSO metabo-

lites (rather unpleasant) for several days. Microcatheter must 

be  positioned  very  close  to  the  lesion.  The  ability  to  slowly 

inject the Onyx® with little fear of gluing the catheter in place can make one over-confident and occlude more than perhaps 

is safe.

●   Sclerosing agents.

One can potentially occlude a vessel by injecting thrombotic factors 

like  thrombin,  but  the  occlusion  would  potentially  be  short-lived, 

since  endogenous  fibrinolytic  systems  could  dissolve  the  clot  and 

restore the flow. Sclerosing agents are liquid agents that promote 

thrombosis but also necrosis of the intima in an attempt to limit the 

chance for clot lysis and recanallization. Agents used for this pur-

pose  tend  to  be  pharmacological  agents  that  are  readily  available 

and  are  toxic  in  high  concentrations,  but  relatively  benign  in  low 

concentrations.  This  strong  dependence  on  concentration  is  why 

sclerosing  agents  work  best  in  slow  flow  situations  like  tumors, 

and  worst  in  high  flow  conditions  like  AVFs.  Absolute  ethanol  is 
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medical-grade  ethanol  that  is  dehydrated  sufficiently  to  be  close 

to 100% pure ethanol. This is very thrombogenic and very toxic at 

this concentration. Ethanol is the most frequently used sclerosing 

agent  for  intracranial  embolization.38  Even  30%  ethanol  mixed with particulate emboli will induce thrombosis, not as permanent 

as  pure  ethanol,  but  sufficient  for  pre-operative  embolization. 39–41 Other  sclerosing  agents  that  have  been  reported  anecdotally  for 

intracranial  embolization  include  50%  dextrose  solution  for  low-

flow  fistula42  and  a  solution  of  25-mg  phenytoin  per  milliliter saline43 for meningiomas.

–  Advantages: Inexpensive and readily available. Low viscosity 

allows  easy  injection  through  a  small  microcatheter.  Since 

the  toxic  effect  is  diminished  when  the  agent  is  diluted, 

small amounts of reflux into a large vessel may be well toler-

ated.  High-concentration  ethanol  can  produce  permanent 

 occlusion. 38

–  Disadvantages: Can cause extreme pain in awake patients if 

the  vessels  injected  are  near  a  meningeal  surface.  The  scle-

rosing agent is not radio-opaque making the injection some-

what uncontrolled. The effect of occlusion occurs in a delayed 

fashion, so it can be difficult to determine when to stop. These 

agents may require excessive volumes to occlude higher flow 

lesions. May not work in very high flow fistulas. Larger doses 

of  ethanol  risk  a  rare,  but  reported  complication  of  cardio-

vascular  collapse.44  Ethanol  permeates  outside  the  vascular system  and  even  increases  the  permeability  of  the  vessels, 

which  can  allow  for  extravascular  contrast  extravasation.45 This  permeability  problem  may  at  least  partially  explain 

47% neurological complications and 11% mortality in a small 

series  of  brain  AVMs  embolized  with  ethanol. 38  The  authors of this handbook do not approve of routine use of ethanol or 

other sclerosing agents for intracranial embolization.

(b)  Particles

These are agents that are supplied in a solid state but are individually 

small  enough  to  be  easily  injected  through  small  microcatheters,  when 

mixed  with  diluted  contrast  material.  There  are  far  too  many  particu-

late agents to discuss in detail, but all have similarities. All particulate 

agents  work  best  in  lesions  with  a  capillary  bed,  namely  tumors. 

All  have  a  tendency  to  clog  the  microcatheter  if  the  particles  are  too 

large or injected in too large a quantity. All require a similar technique 

for their use.

●   Polyvinyl alcohol foam. (aka “PVA”)

These are irregularly shaped particles of PVA Examples: Contour® emboli (Boston Scientific, Natick, MA) or PVA Foam Embolization 

Particles (Cook Medical, Bloomington, IN) The particles are mixed 

with  diluted  contrast  and  are  injected  through  the  microcath-

eter.46

–  Advantages: Inexpensive. Easy to use. If sized appropriately, 

can be carried by the flow to the lesion even if the microcath-

eter tip is very proximal to lesion.

–  Disadvantages:  Although  they  can  be  mixed  with  contrast, 

the  PVA  particles  are  not  radio-opaque,  so  it  is  difficult  to 

tell  where  they  are  ending  up  on  fluoroscopy.  The  occlusion 

produced is partly related to the thrombus forming around the 

particles. The vessel may re-open as the thrombus breaks down. 

Clumping of irregular particles can occlude the microcatheter, 

especially with smaller sized catheters. Particles may fragment 

as  being  injected  and  these  fragments  may  produce  a  more 

distal  occlusion  than  anticipated.  Not  effective  for  high-flow 

fistulae. When used for AVMs, may be associated with higher 

risk or hemorrhagic complications than nBCA glue.47, 48

●   Spherical emboli.

These  particles  are  manufactured  to  have  a  smooth,  spheri-

cal  shape.  Examples  Spherical  Contour  SE ™  (Boston Scientific)  or  Bead  Block™  (Terumo  Medical,  Somerset, NJ)  or  Embospheres ®  (Biosphere  Medical,  Rockland,  MA). All  the  three  are  similar  in  behavior,  although  a   comparative 
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in vitro study showed that Bead Block™ stayed suspended in con-trast  better  than  the  other  products  and  was  somewhat  easier  to 

deliver through the microcatheter.49

–  Advantages:  Less  likely  than  traditional  PVA  to  clump  and 

clog  microcatheter  or  produce  occlusion  more  proximal  than 

desired.

–  Disadvantages:  Smoother  particles  may  pass  through  anas-

tamoses or go more distally than intended. May still clog the 

microcatheter if particles are too large or in too concentrated 

a  mixture.  Vessels  occluded  may  still  recanalize  over  time. 

Not effective for high-flow fistulae.

●   Silk suture

Small segments of silk suture can be it and loaded into a microcath-

eter. It is propelled into the vessel by injecting contrast or saline. 

Other types of suture material can be used in this fashion, but are 

less thrombogenic.

–   Advantages:  Very  inexpensive  and  almost  universally  avail-

able  in  any  medical  facility.  Small  segments  of  3-O  or  5-O 

suture  can  even  be  injected  through  the  tiny  lumen  of  a 

flow-directed  microcatheter.  More  thrombogenic  than  other 

particulate agents.

–  Disadvantages: Very tedious and time consuming to cut and 

load individual suture fragments into microcatheter. Can clog 

microcatheter.  May  require  high  pressures  to  flush  suture 

through  microcatheter.  Not  effective  for  high-flow  fistulae. 

Intense inflammatory response to foreign proteins in silk can 

often produce fevers, chill, and pain after embolization.

(c)  Detachable balloons

Small  balloons  may  be  attached  to  a  microcatheter,  navigated  to  the 

desired site of occlusion, inflated to produce occlusion of the vessel, then 

detached  from  the  catheter  and  permanently  implanted.  The  balloons 

stay inflated thanks to a valve that seals once the balloon detaches. They 

are typically inflated with contrast to make it visible on fluoroscopy, and 

the integrity of the balloon and its valve are all that keeps it from deflat-

ing. However, nearly all balloons eventually leak and deflate. Polymers 

such  as  the  hydrophilic  2-hydroxyethyl  methacrylate  (HEMA)  can  be 

used  to  inflate  the  balloon  and  ensure  long-term  stability  of  the  occlu-

sion.50                                                  ™ At the time of this writing, the Goldvalve balloon (Acta Vascular, Santa Clara, CA), is available in most of the world outside of the United 

States,  and  the  vendor  is  working  on  obtaining  approval  for  the  North 

American market.

● Advantages:  Quick,  predictable  occlusion  of  large  vessels.  Can  be 

flow-directed to high-flow fistulae.

● Disadvantages: Require large guiding catheters for delivery. During 

manipulation, balloons may prematurely detach, and embolize an 

undesirable  territory.  Smooth,  deformable  balloons  may  migrate 

distally  to  an  undesired  location  after  detachment.  Balloons  may 

rupture  if  over  inflated  or  inflated  against  an  irregular  surface. 

Virtually all eventually leak and deflate. Valves are easily damaged 

during preparation, causing balloons to prematurely deflate.

(d)  Microcoils

Small, usually platinum coils that can be delivered through a microcath-

eter can be used for intracranial embolization. A wide variety of coils is 

available from many different companies. These are most commonly used 

for  aneurysm  occlusion,  as  discussed  in  Chap.  5,  but  can  also  be  used 

for  large  or  medium  sized  vessel  occlusion  in  intracranial  embolization 

procedures.

●   Pushable coils.

These are platinum coils with thrombognic fibers that are pushed 

through  the  microcatheter  with  a  wire  pusher.  Examples  include 

Trufill®  pushable  coils  (Cordis  Neurovascular,  Miami  Lakes,  FL), Hilal  and  Tornado®  Microcoils  (Cook  Medical,  Bloomfield,  IN), Fibered Platinum and Vortex® coils (Boston Scientific, Natick, MA). Small, coils such as 2 or 5-mm straight coils or 2 mm × 20 mm heli-

cal coils can also be propelled through the microcatheter and into 

the vessel using rapid injections of saline or contrast.
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–  Advantages:  Inexpensive.  Fibered  coils  tend  to  be  fairly 

thrombogenic.  Very  well  seen  on  fluoroscopy.  When  micro-

catheter  is  positioned  proximal  to  the  target  lesion,  small 

coils  may  be  flow-directed  distally  by  “pushing”  them  with 

injections of contrast or saline.

–  Disadvantages:  Fibered  coils  usually  require  at  least  a 

minimum  0.016-in.  lumen  microcatheter,  and  can  clog  even 

larger  lumen  microcatheters  if  the  vessels  are  tortuous  and 

the microcatheter kinks or ovalizes. These coils are not eas-

ily  retrieved  or  repositioned,  so  their  positioning  and  the 

eventual site of occlusion are somewhat uncontrolled. These 

properties make these coils much less desirable than detach-

able coils for intracranial embolization.

●   Injectable platinum coils.

These  mainly  consisted  of  the  Berenstein  Liquid  Coils®  (BLC, Boston  Scientific,  Natick,  MA),  which  are  propelled  into  the  ves-

sel using rapid injections of contrast or saline. Sadly these are no longer readily available at the time of this writing.

–  Advantages: Smaller diameter BLC 10-coils can be deployed 

via flow-directed microcatheters. Platinum is very visible on 

imaging. Tend to tangle randomly to distribute in the space 

available. Can be used to form a skeleton on which to deposit 

glue or Onyx®.

–  Disadvantages:  May  be  no  longer  available.  Unless  well 

anchored  in  place,  may  pass  through  fistulae  or  go  more 

distally  than  intended  in  high  flow  states.  Can  take  many, 

many coils to occlude high-flow fistulae without using a liquid 

embolic. Vessels occluded only with coils may still recanalize 

over time. Can clog the microcatheter, especially using longer 

length coils.

●   Detachable platinum coils.

The  prototypical  version  of  these  coils  are  the  GDC®  (Boston Scientific,  Natick,  MA),  but  similar  systems  include  Trufill®  DCS (Cordis  Neurovascular,  Miami  Lakes,  FL)  ACT™  Spherical  or Helipaq™  (Micrus,  San  Jose,  CA)  or  Microplex™  (Microvention/ Terumo  Medical,  Somerset,  NJ),  or  Axium ™  (ev3,  Irvine,  CA). These are bare platinum coils that remain attached to its delivery 

wire  until  the  operator  detaches  it.  Normally,  these  are  used  for 

aneurysm  therapy,  but  can  be  used  to  occlude  vessels  or  fistulae. 

These  must  be  deployed  via  150 cm,  two  tip-marker  over-the-wire 

microcatheters. They are discussed further in Chap. 5.

–  Advantages: Can position, and reposition easily, and remove 

the coil if a different coil appears better suited for that appli-

cation.  Platinum  is  very  visible  on  imaging.  Many  variably 

sized and shaped coils are available.

–  Disadvantages:  Expensive.  Unless  well  anchored  in  place, 

may pass through fistulae or go more distally than intended 

in  high  flow  states.  Can  take  many,  many  coils  to  occlude 

high-flow fistulae. Vessels occluded may still recanalize over 

time.  Not  effective  for  very  distal  vessel  occlusion.  Not  suit-

able for use in flow-directed catheters.

●   Detachable fibered coils

These are a hybrid of the pushable fibered coil and detachable coil. 

Examples  include  the  Sapphire  NXT™  fibered  coils  (ev3,  Irvine, CA) or Fibered GDC® (Boston Scientific, Natick, MA), although the availability of these may be limited.

–  Advantages: Very thrombogenic, yet with all the control of a 

detachable coil.

–  Disadvantages:  Very  stiff.  May  displace  microcatheter  from 

its  desired  position  and  may  not  deploy  in  tortuous  vessels. 

Requires larger lumen microcatheters. Much more expensive 

than pushable coils.

●   Coated detachable coils

These  coatings  were  developed  in  an  effort  to  promote  healing 

and  decrease  the  recanalization  of  aneurysms  treated  with  these 

coils. These include, among others, the Matrix™ (Boston Scientific, 
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Natick,  MA)  and  Hydrocoil®  (Microvention/Terumo  Medical,  Aliso Viejo, CA). They are discussed further in Chap. 5.

–  Advantages: Can be used wherever bare platinum coils can be 

used.

–  Disadvantages:  Expensive.  May  be  somewhat  more  difficult 

to  deploy  than  bare  platinum  coils.  Although  they  may  (or 

may not, the verdict is not yet out) play some role in improv-

ing  the  results  of  endovascular  aneurysm  treatment,  they 

have  no  proven  benefit  over  other  detachable  coils  in  other 

intracranial embolization procedures.

(e)  Stents

Stents  are  most  commonly  used  to  assist  with  aneurysm  coil  emboli-

zation,  as  discussed  in  great  detail  in  Chap.  5.  These  include  the 

Neuroform™                                   ™  (Boston  Scientific,  Natick,  MA)  and  Enterprise  (Cordis Neurovascular,  Miami  Lakes,  FL)  stents.  In  some  cases  of  AV  fistula 

embolization, they can also be used for preservation of the flow in large 

or  medium  sized  vessels  in  intracranial  embolization  procedures.  Coils 

can  be  placed  in  the  venous  side  of  the  fistula  while  the  stent  in  the 

artery  prevents  herniation  of  coils  through  the  fistula  into  the  artery. 

Cases  of  wide  necked  aneurysms  that  have  ruptured  into  the  cavern-

ous  sinus,  or  large  post-traumatic  tears  in  the  artery  are  examples  of 

situations in which it is helpful to place a stent in the parent artery in 

addition to using coils or other embolic agents to occlude the fistula. It 

is also often helpful to temporarily inflate a non-detachable balloon, like 

the Hyperform™ (ev3, Irvine, CA) within the stent during the placement of  coils  or  liquid  embolic  agents  on  the  venous  side  to  provide  added 

assurance that the coils, glue or Onyx does not find its way through the 

openings of the stent into the parent artery.

Standard porous intracranial stents like the Neuroform™ or Enterprise™ can  sometimes  channel  the  flow  away  from  a  side-wall  aneurysm  to 

induce  thrombosis  without  placing  coils.  This  spontaneous  thrombosis 

after  the  stent  placement  would  not  be  expected  in  the  case  of  an  AV 

fistula  due  to  the  higher  flow  conditions.  A  different  type  of  stent  that 

has been used to treat fistulae is the covered stent, most commonly the 

Jostent® (Abbott, Abbot Park, IL). This over-the-wire balloon inflatable covered  stent  allows  rapid  occlusion  of  a  fistula  without  necessarily 

using coils. The stent is approved for repair of ruptured coronary vessels 

3–5 mm in diameter.

●   Neuroform

™

This self-expanding hybrid open/closed design nitinol stent is pack-

aged in a Renegade® (Boston Scientific, Natick, MA) microcatheter and  can  be  delivered  into  the  desired  vessel  using  the  preloaded 

stabilizer.  This  process  is  done  over  an  exchange-length  0.014-in. 

wire  placed  distally  via  a  separate  microcatheter  as  a  first  step, 

then  exchanged  for  the  stent  delivery  catheter.  Available  in  sizes 

from 2.5 to 4.5 mm and lengths from 1.5 to 3.0 cm.

–  Advantages:  Soft  and  atraumatic  to  the  vessels.  Easy  to 

traverse  the  stent  with  a  microcatheter  to  deploy  coils. 

MR-compatible stent material.

–  Disadvantages:  Humanitarian  device  status  means 

Institutional  Review  Board  approval  needed  for  use.  Over-

the-wire  placement  over  an  exchange-length  wire  is  tedious 

and risks vessel injury with the wire tip during the exchange. 

May  be  difficult  to  deploy,  especially  in  tortuous  vessels. 

Long-term  antiplatelet  therapy  post-procedure  is  recom-

mended.

●   Enterprise

™

A self-expanding closed cell nitinol stent is advanced and deployed 

via a Prowler Plus™ microcatheter without the use of an exchange wire.  It  can  be  resheathed  and  redeployed  after  a  partial  deploy-

ment.  Ends  of  the  stent  are  flared.  Approved  for  placement  in 

arteries 3–4-mm diameter.

–  Advantages: Easy to deploy. Resheathable and redeployable. 

Does not require exchange technique. Flared ends mean good 

apposition  to  the  vessel  wall  and  easy  microcatheter  place-

ment into the stent for coiling.
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–  Disadvantages:  Only  suitable  for  3–4-mm  diameter  vessels. 

Long-term antiplatelet therapy is recommended.

●   Jostent

®

This  balloon-mounted  PTFE  coated  stent  is  placed  over  an 

exchange-length 0.014-in. wire and deploys in the vessel when the 

balloon is inflated.

–  Advantages: Very quick occlusion of flow into an aneurysm or 

fistula if fully covered. Preserves parent artery.

–  Disadvantages:  Stiff  and  difficult  to  navigate  around  sharp 

turns.  Can  traumatize  vessels  while  navigating  or  inflating 

balloon.  Not  effective  for  very  distal  vessel  placement. Not FDA approved for cerebral vessels.

2.  N-BCA glue embolization technique

(e)  When  a  flow-directed  or  over-the-wire  type  microcatheter  is  in  the 

desired position, beyond branches to normal brain, and any provocative 

testing has been completed and suggests that it is safe, then emboliza-

tion can proceed.

(f)  When using glue, all persons near the sterile field should wear glasses 

or other eye protection. If a connection comes loose during injection, the 

glue can spray and stick to whatever it touches.

(g)  Double-check the superselective arteriogram performed at that catheter 

position, and check how long the contrast takes to reach the lesion.

(h)  As a rule of thumb, if that time is under one second, at least a 70% glue 

mixture  (three  parts  nBCA  to  one  part  Ethiodol®)  is  required.  Over  2 s 

requires a 50% (one nBCA to one Ethiodol) or more dilute mixture.

(i)  Tantalum  powder  greatly  increases  the  radio-opacity  of  glue,  but  is 

not  absolutely  necessary  unless  the  glue  mixture  is  greater  than  70% 

n-BCA. Tantalum is messy and can clump, so most practitioners rarely 

use it.

(j)  Draw  up  the  Trufill ®  n-BCA  (Cordis  Neurovascular,  Miami  Lakes,  FL) 

from its tube using a labeled, glue-compatible 3-mL syringe (avoid poly-

carbonate plastic…it softens).

(k)  Draw up the Ethiodol® in a labeled syringe, and add the proper volume 

to the glue syringe to achieve the desired concentration.

(l)  Have  several  labeled  3-mL  syringes  filled  with  5%  dextrose  solution 

ready.

(m) Carefully  pull  back  slightly  on  the  microcatheter  to  remove  any  slack, 

and  slightly  loosen  the  rotating  hemostatic  valve  so  that  it  just  barely 

prevents back-flow of blood in the guiding catheter, without binding the 

microcatheter too tightly.

(n)  Re-confirm proper catheter positioning with a contrast injection via the 

microcatheter for a superselective arteriogram. Select a projection that 

shows  the  microcatheter  tip  and  its  relationship  to  any  curves  in  the 

arterial feeder distal to the catheter tip, any normal branches proximal 

to it, and the lesion.

(o)  Study the superselective arteriogram carefully to time the arteriovenous 

transit,  and  to  determine  the  morphology  of  the  target  arterial  feeder 

and nidus structure where the liquid agent will be injected.

(p)  Attach  a  glue-compatible  stopcock  directly  to  the  microcatheter.  Cook 

Medical  (Bloomington,  IN)  makes  a  high-pressure,  white  nylon  plastic 

one,  and  three-way  stopcocks  with  Luer  lock  fittings  that  hold  up  well 

during glue injections.

(q)  One way stopcocks are sufficient, but three way are preferred since they 

allow a flush syringe of dextrose to remain attached even when the glue 

syringe  is  attached.  This  works  well  for  doing  the  push  technique  (see 

below).

(r)  Thoroughly flush the microcatheter with 5% dextrose solution. Generally, 

approximately 5–10 mL is sufficient to clear all saline and/or blood from 

the microcatheter lumen.

(s)  As  the  last  milliliter  of  dextrose  is  being  injected,  close  the  stopcock  to 

prevent blood backflow into the microcatheter.

(t)  Holding  the  stopcock  upright,  fill  the  Luer-lock  connection  fully  with 

dextrose.

(u)  Create a blank roadmap mask, the glue injection can be well visualized 

under digital subtraction.

(v)  Attach a 3-mL syringe loaded with the prepared glue mixture.
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(w) For  continuous  column  technique,  slowly,  but  steadily  inject  the  glue 

using roadmap imaging, such that the glue column is continuously mov-

ing forward.

(x) Fill the arterial feeder and as much of the nidus as possible.

(y) Be alert for any signs of reflux of glue back along the catheter, passage 

of glue into the vein, or reflux of glue from the nidus into other arterial 

branches feeding the lesion.

(z) If any of these conditions is occurring and one is using dilute glue, one 

might  be  able  to  briefly  pause  the  injection,  then  resume  cautiously. 

Sometimes the glue will find another pathway through the nidus.

(aa)  The glue injection is relatively quick, but controlled. Polymerization usu-

ally occurs within a few seconds.

(bb)  The embolic agent should be deposited in the “safety zone” consisting of 

AVM  nidus  and  only  the  artery  beyond  all  normal  branches,  and  vein 

before other venous inputs beyond the occluded nidus. (See Fig. 7.1)

(cc)  If there is any question that the glue is refluxing or going somewhere it 

shouldn’t, or if finished filling the desired space with glue, stop injecting, 

aspirate  the  syringe  to  create  negative  pressure  in  the  microcatheter, 

and  quickly,  smoothly  withdraw  the  microcatheter  completely  from  the 

patient and discard it. It is best to pull the guiding catheter and micro-

catheter as a unit, but, sometimes, using braided microcatheters, one can 

remove it by just pulling the microcatheter.

(dd)  Examine  the  rotating  hemostatic  valve  of  the  guiding  catheter  for  any 

retained  droplets  of  glue,  then  aspirate  and  double  flush  the  stopcock, 

rotating hemostatic valve, and guide-catheter.

(ee) Once the guide catheter is thoroughly inspected and flushed, re-insert it 

to the arterial territory of interest, and perform a follow-up arteriogram 

to ensure that the desired result is obtained.

(ff) The  wedged  technique  is  similar  to  the  full-column  technique,  except 

that  the  microcatheter  tip  is  wedged  in  the  nidus  or  small  vessel  and 

much more dilute glue can be used.

(gg)  In wedged position, very slow, prolonged injections with dilute glue (less 

than  30%  glue)  can  be  done  over  several  minutes  (which  seems  like 

hours).

(hh)  When glue begins to enter the vein, or to reflux along the microcatheter, 

one  should  stop  injecting,  wait  a  minute  for  polymerization,  aspirate 

back from the glue syringe, then pull the catheter out.

[image: ]

 

Fig. 7.1 Safety zones for AVM embolization.

The artery feeding the AVM may be occluded distal to all normal vessels feeding the 

brain. Hatch marks indicate the safe zone in the artery. Occlusion proximal to that can cause an ischemic stroke. The nidus is all safe to occlude, since it supplies no normal structures. The vein beyond the nidus may be occluded before any inputs from normal brain veins or even veins supplying other segments of the AVM. Hatch marks indicate 

the safe zone in the vein. Occlusion down-stream from that risks hemorrhage from 

remaining nidus or venous infarction of brain.
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(ii)   Using the push technique, the microcatheter is generally some distance 

proximal to the lesion, but still beyond normal brain vessels.

(jj)   When ready to embolize, the microcatheter is flushed with dextrose solu-

tion.

(kk)   A  three  way  stopcock  is  attached  to  the  hub  of  the  microcatheter,  and 

a  syringe  of  5%  dextrose  flush  is  attached  to  one  connection,  and  the 

appropriately mixed glue to another.

(ll)   Depending on the size of the vessel being embolized, 0.1–0.2 mL of glue 

mixture  is  injected  into  the  microcatheter,  the  stopcock  is  turned  and, 

under  roadmap  visualization,  the  glue  is  flushed  into  the  vessel  using 

the dextrose flush syringe.

(mm)      Generally,  it  is  advisable  to  pull  the  microcatheter  at  this  point.  The 

exception  would  be  when  the  glue  bolus  travels  quite  distal  to  the  tip 

of  the  microcatheter,  and  if  contrast  injections  via  the  guide  catheter 

confirm persistent patency of the feeding vessel being embolized. A sec-

ond glue bolus may be injected and pushed with dextrose as long as the 

microcatheter remains patent.

(nn)   The dribble technique is similar to the full column technique, except 

that  the  glue  is  injected  very,  very  slowly,  to  allow  the  blood  flow  to 

fragment the glue and form small particles. These tend to travel along 

with  the  blood  flow  until  they  impact  on  a  small  nidus  or  capillary 

bed.

(oo)   Glue embolization techniques are illustrated in Fig. 7.2.

Special situation: High concentration (aka “pure glue”) nBCA embolization:

●   Occasionally required for very high flow fistulae. ● It is akin to holding a burning object in one’s bare hands: It is possible to 

get burned.

● Everything must be done quickly and there is a real risk of refluxing glue 

into proximal vessels and/or gluing the microcatheter in place.

● If  the  mixture  is  less  than  30%  Ethiodol  then  tantalum  powder  must 

be added to the nBCA to make it visible fluoroscopically.

● In extreme high flow states, when using little or no Ethiodol, the pure glue 

may instantly polymerize in the microcatheter.

● Consider  putting  the  glue  on  ice  or  in  a  freezer  until  immediately 

before  use  or  gently  f lushing  the  microcatheter  with  50%  dextrose  to 

slow the polymerization just enough to prevent clogging the microcath-

eter.

● Only  a  0.1–  to  0.3-  mL  bolus  of  glue  is  loaded  into  the  dextrose-flushed 

microcatheter and pushed into the vessel with a quick injection of dextrose. 

No hesitation.

●   Immediately pull the microcatheter. It is best to have at least 2 two people 

involved:  one  to  inject  and  the  other  to  pull  the  guide-catheter/microcath-

eter assembly as a unit. No hesitation.

● Now  is  the  time  to  change  one’s  underwear  and  prepare  to  do  a  control 

angiogram to see what was accomplished.

Methods to slow down glue polymerization:

●   Most common method: Adding Ethiodol. ●                                                32 Adding minute amounts of glacial acetic acid. Twenty microliters affects 

polymerization  more  profoundly  than  several  ml.  of  added  Ethiodol51

and  does  not  increase  the  viscosity  of  the  mixture  like  the  oily  Ethiodol 

does.52

● Cooling  the  glue  also  slows  polymerization,  but  glue  can  warm  rapidly 

under ambient room temperature

● Injecting 5% dextrose solution via the guiding catheter can flood the local 

circulation with inhibitory dextrose during the nBCA injection.53

3.  Onyx® embolization technique

(a)  Have  several  vials  of  Onyx®  (ev3,  Irvine,  CA)  agitating  in  an  auto-

matic  mixer  for  at  least  30 min  while  performing  other  parts  of  the 

procedure.

(b)  This  transarterial  technique  is  similar  to  the  technique  using  n-BCA 

glue regarding the catheterization of the arterial feeder, except one must 

use a dimethyl sulfoxide (DMSO)-compatible catheter such as the over-

the-wire type Rebar® (ev3, Irvine, CA) or more flexible Marathon™ (ev3, 

Irvine, CA).
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Fig. 7.2 Four techniques for AVM glue embolization.

 

●   Full column technique

The  microcatheter  tip  (MC)  is  close  to  the  lesion  and  beyond  all  normal  arteries. 

Glue (shaded) is steadily injected as a continuous column, filling the vessel lumen. 

If the glue polymerization time and injection rate are properly controlled, it will reach 

the nidus before polymerizing. The injection is stopped if the glue reaches the vein 

or begins to reflux back to the microcatheter tip. Arrows indicate blood flow.

●   Wedged technique

A microcatheter is gently flow directed into a vascular channel in the nidus no big-

ger than the catheter tip, effectively blocking the blood flow beyond the tip. A dilute 

glue mixture (shaded) is then slowly injected, filling the nidus. The slowly polymer-

izing mixture does not get washed into the veins by the flowing blood because the 

wedged catheter controls the flow.

●   Push technique

The  microcatheter  tip  is  some  distance  to  the  lesion,  and  a  small  bolus  (0.1 mL) 

of glue (shaded) is propelled into the vessel with a bolus of 5% dextrose solution. 

Blood flow (arrows) plus momentum from the dextrose bolus (hatched arrows) car-

ries the glue toward the lesion until it polymerizes. This technique is the safest way 

to  inject  high  concentration  (ultra-fast  polymerizing)  glue  mixtures  without  gluing 

the microcatheter in place.

●   Dribble technique

This can be used with the microcatheter tip somewhat proximal to a relatively low-

flow lesion that has a capillary bed or nidus with small channels. A full column of 

relatively  dilute  glue  (shaded)  is  very,  very  slowly  injected  so  that  the  blood  flow 

fragments the glue as it exits the microcatheter. The small drops of glue are then 

carried by the blood flow(arrows) into the nidus, where they wedge into the small 

spaces. This is usually used for preoperative tumor or small AVM embolization.
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(c)  Note  that  provocative  testing  can  give  a  false  sense  of  security  since 

Onyx®  can  easily  find  its  way  into  places  that  may  not  be  predicted  by 

superselective angiography or barbiturate injections.

(d)  Confirm  proper  catheter  positioning  with  a  contrast  injection  via  the 

microcatheter for a superselective arteriogram. Select a projection that 

shows  the  microcatheter  tip  and  its  relationship  to  any  curves  in  the 

arterial feeder distal to the catheter tip, any normal branches proximal 

to it, and whether the tip is wedged.

(e)  Study the superselective arteriogram carefully to measure the arteriov-

enous transit time, and to determine the morphology of the target arte-

rial feeder and venous structure where you will deposit the Onyx®.

(f)  Select  a  pre-mixed  viscosity  of  the  agent  depending  on  the  size  of  the 

feeder and degree of arteriovenous shunting. Big feeders with fast flow 

need  Onyx®  34  and  small  feeders  or  slower  shunting  should  be  treated 

with Onyx® 18.

(g)  Using the proper syringe supplied by ev3, draw up 1 mL of DMSO. The 

technique for handling the Onyx syringes is illustrated in Fig. 7.3.

(h)  Using  a  blank  roadmap  mask,  slowly  inject  the  Onyx ®  under  roadmap 

visualization at a rate of approximately 0.16 mL min−1. Rates of injection 

0ver 0.3 mL min −1 risk vascular injury due to DMSO toxicity.

(i)  Continue  injecting  Onyx®  as  long  as  it  is  flowing  forward  into  desired 

areas of the abnormal vessels.

[image: ]

 

Fig. 7.3 Syringe loading technique for Onyx.

●   Draw up the Onyx® into the syringe specified by the manufacturer. Agitate it back-

and forth if it will not be injected for more than a few minutes to keep the tantalum 

suspended.

● Attach the DMSO syringe directly to the hub of the microcatheter and fill the dead-

space of the microcatheter (usually 0.2–0.3 mL) with DMSO over 1–2 min.

● Remove the DMSO syringe from the microcatheter, and, keeping the hub upright, 

fill the hub with DMSO.

●                                          ® Holding  both  the  catheter  hub  and  Onyx  syringe  at  45°  to  one  another,  quickly 

connect the syringe to the hub, and then keep the syringe vertical, plunger down. 

This  keeps  a  sharp  demarcation  between  the  heavier  Onyx®  in  the  syringe,  and lighter DMSO in the hub of the catheter. This will make it easier to see them radio-

graphically than allowing the DMSO and Onyx® mix together.
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(j)  If it refluxes along the catheter, passes into the proximal part of the vein, 

or refluxes into other arterial feeders, pause the injection for 15 s, then 

resume injecting. If the Onyx® continues to flow in the wrong direction, pause again for 15–30 s, then try again. If the Onyx® finds another, more desirable pathway, continue the slow injection.

(k)  It is often desirable to obtain a new mask for roadmap periodically. This 

subtracts out the already deposited embolic agent and makes the newly 

injected material easier to see.

(l)  If uncertain whether the injection is achieving the desired result, a con-

trast injection can be done via the guide catheter for a control angiogram. 

This will show if there is still portions of the feeding artery or nidus that 

should be occluded from this catheter position.

(m) The  Onyx®  injection  should  be  done  patiently  and  may  take  several 

 minutes.

(n)  Some reflux back along the catheter tip is not a problem, due to the non-

adhesive nature of the product. Avoid more than 1 cm of reflux, however, 

since even Onyx® may glue a microcatheter into the vessel.

(o)  Do  not  pause  the  injection  for  more  than  2 min,  for  the  Onyx®  may 

solidify and clog the microcatheter.

(p)  Never try to inject against resistance. A clogged microcatheter may burst 

if the injection continues.

(q)  When  adequate  filling  of  the  desired  vascular  spaces  is  achieved,  or 

if  the  Onyx®  repeatedly  flows  in  the  wrong  direction,  stop  injecting, aspirate  back  on  the  syringe,  and  slowly,  but  steadily  pull  back  on  the 

microcatheter, disengage it from the deposited Onyx® and remove it. The heavy-duty catheters used for Onyx ® can usually be pulled back on their own, without pulling the guide catheter as well.

(r)  After the microcatheter is withdrawn from the guide catheter, examine 

the  rotating  hemostatic  valve  of  the  guiding  catheter  for  any  retained 

droplets of Onyx ®, then aspirate and double flush the stopcock, rotating hemostatic valve, and guide-catheter.

(s)  Once  the  guide  catheter  is  thoroughly  inspected  and  flushed,  perform 

a  follow-up  arteriogram  to  ensure  that  the  desired  result  has  been 

obtained.

4.  Ethanol embolization technique

(a)  Although  not  recommended  routinely  for  intracranial  embolization, 

there may be rare situations in which nothing else is available.

(b)  Some  recommend  prophylactic  placement  of  a  Swan-Ganz  catheter  for 

AVM embolizations with ethanol, to watch for signs of pulmonary hyper-

tension.

(c)  When  added  to  mixtures  of  particles,  the  technique  is  essentially  the 

same as standard particulate embolization (see below).

(d)  When used without added particles, the technique is more like the tech-

nique for glue.

(e)  Be sure to check that the syringes, stopcocks and microcatheter hubs will 

not degrade when exposed to ethanol. Often, those that can be used with 

glue or DMSO will withstand ethanol, but it is wise to test it first. Since 

it is not an FDA approved indication, manufacturers will likely state that 

their products are not approved for use with ethanol.

(f)  Microcatheter positioning, and confirmation with superselective angiog-

raphy and provocative testing is the same as for nBCA glue use.

(g)  When ready to embolize, perform test injections of contrast through the 

microcatheter  to  estimate  the  rate  and  volume  required  to  opacify  the 

territory that is to be occluded.

(h)  If the flow is very rapid, consider placing a coil or two to slow the flow.

(i)  Flush the microcatheter with saline, since ethanol can cause contrast to 

precipitate.

(j)  Inject the absolute ethanol at a rate similar to that which opacified the 

vessel, but use only approximately 50% of the volume of contrast used.

(k)  Wait  a  few  minutes,  then  repeat  the  contrast  injection.  If  the  vessel 

remains patent, inject another small bolus of ethanol, and wait again.

(l)  If  spasm  is  seen  on  repeat  test  injections,  wait  until  it  resolves  and 

decrease the volume of ethanol boluses.

(m) After  a  few  boluses  have  been  given,  wait  at  least  5–10 min  between 

ethanol injections before checking for patency of the vessel.
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(n)  If there is no change after 20 mL of ethanol, consider placement of addi-

tional  coils  to  slow  the  flow  and  help  the  ethanol  work,  or  try  a  better 

embolic agent.

(o)  Remember that ethanol can work on the endothelium for some time and 

can also spread through the vessel wall into the tissues, so it is best to 

keep the ethanol volumes to a minimum.

5.  Particulate embolization technique

(a)  Most all particles are used in a similar fashion for intracranial embolization.

(b)  To  avoid  major  problems  with  particles  clogging  the  microcatheter,  use 

one of the larger lumen over-the-wire types of microcatheters.

(c)  The microcatheter tip must be close to the lesion being embolized, in a 

stable position distal to normal branches.

(d)  Safe  positioning  is  confirmed  with  a  superselective  angiogram  via  the 

microcatheter,  possibly  also  using  pharmacological  provocative  testing 

as necessary.

(e)  Choose a particle size depending on the size of the vessels in the target 

lesion. In general, tumors with a capillary be are treated with particles 

less than 300 µm in diameter, and AVMs require particles over 300 µm.

(f)  Mix  the  particles  with  dilute  contrast  and  draw  up  the  emboli  in  a 

labeled 10-mL syringe. This acts as a reservoir for emboli.

(g)  The  particles  should  be  fairly  dilute  to  limit  the  risk  of  clogging  the 

microcatheter.

(h)  Attach  the  syringe  to  one  female  connection  on  a  high-pressure  three-

way  stopcock  and  attach  a  labeled  3-mL  luer-lock  syringe  to  the  other 

female  connection.  This  syringe  is  used  to  inject  the  embolic  mixture 

through the microcatheter.

(i)  The stopcock is then attached to the hub of the microcatheter.

(j)  The  stopcock  is  turned  to  connect  the  10-  and  3-mL  syringes,  and  the 

contrast/emboli mixture is flushed into the 3-mL syringe and then back 

into the 10-mL syringe, back and forth several times, to ensure uniform 

suspension of particles.

(k)  The 3-mL syringe is then filled with 1–2 mL of the emboli suspension.

(l)  Obtain a blank roadmap in order to have subtracted fluoro.

(m) Under fluoroscopic guidance, slowly inject the emboli in small ( 0.2 mL) 

increments and ensure that the contrast freely flows from the microcath-

eter tip.

(n)  Increase  or  decrease  the  rate  of  injection,  depending  on  the  speed  of 

runoff away from the microcatheter.

(o)  Every  3–5 mL  of  embolic  suspension,  or  sooner  if  emboli  are  seen  to 

collect  in  the  hub  of  the  microcatheter,  disconnect  the  3-mL  syringe 

and  reconnect  another  labeled  3-mL  syringe  filled  with  dilute  50:50 

contrast.

(p)  Gently  flush  the  microcatheter  with  the  contrast  under  fluoroscopy, 

remembering that the microcatheter is still full of emboli.

(q)  As long as a good runoff of contrast is seen, reconnect the 3-mL emboli 

syringe, refill it with embolic mixture, and continue to inject emboli.

(r)  When the 10-mL syringe is empty, consider obtaining a control superse-

lective angiogram via the microcatheter to see whether the flow pattern 

is changing.

(s)  Especially  with  AVMs  it  may  require  some  time  and  a  considerable 

amount of emboli to occlude a feeder.

(t)  If an entire vial of emboli is injected with no change in the flow pattern, 

consider modifying the flow with a coil or two, or switching to a different 

embolic agent.

(u)  Avoid creating reflux of the embolic mixture back along the microcath-

eter when injecting. Slow or stop the injections if reflux is seen.

(v)  If  resistance  is  encountered  during  the  injections,  stop,  disconnect  the 

3-mL embolic syringe and check the hub of the microcatheter. If emboli are 

bunched up in the hub, it may be possible to rinse them out with a needle 

or guidewire introducer, then attempt to gently flush with contrast.

(w) If  resistance  remains, do  not  attempt  to  force  the  emboli  through  by  a 

forceful injection, and do not use a 1-mL syringe to achieve higher pres-

sures. Attempting to inject through a microcatheter clogged with parti-

cles can cause the microcatheter to rupture and even break into pieces. 

Certainly the newer, braided microcatheters are less prone to burst than 

are  the  softer,  flimsier  unbraided  catheters,  but  no  catheter  is  burst-

proof if clogged.
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(x)  When the flow in the feeder is significantly slowed, injections of emboli 

are stopped.

(y)  If more definitive closure of the vessel is desired after particle emboliza-

tion, a coil may be deposited to finish the job.

(z)  Be certain to gently flush out the microcatheter with contrast or saline 

before inserting a coil. Retained particles in the microcatheter can cause 

the coil to bind in the microcatheter.

(aa)  Even if the microcatheter seems free of particles, it is best to withdraw 

and  discard  the  used  microcatheter  prior  to  attempting  catheterization 

of another feeder with a new microcatheter.

6.  Silk suture embolization technique.

(a)  Procure  several  microwire  introducers.  These  can  be  used  as  delivery 

introducers  for  the  silk  suture  fragments.  An  18-gauge  plastic  intrave-

nous catheter can also be used for this purpose.

(b)  Open a sterile package of 4-O silk suture.

(c)  Insert a 5–10-mm segment of silk into the blunt, distal end of the intro-

ducer.

(d)  Attach a 3-mL syringe of sterile saline to the luer-connector hub of the 

introducer and gently flush to expel air. Be careful not to flush the silk 

out of the introducer.

(e)  When  the  microcatheter  is  properly  positioned,  check  that  all  slack  is 

removed and there are no kinks. These can impede the injection of silk.

(f)  Also ensure that the RHV of the guiding catheter is just tight enough to 

prevent back-bleeding, but not too tight to pinch the microcatheter.

(g)  There should be an RHV with continuous infusion of heparinized saline 

already attached to the microcatheter hub as well.

(h)  When ready to embolize, insert the introducer containing the silk suture 

fragment through the RHV of the microcatheter and seat it with its blunt 

tip in the hub of the microcatheter.

(i)  Inject the silk into the microcatheter with a small bolus of heparinized 

saline.

(j)  Remove  the  introducer  from  the  RHV,  and  tighten  the  valve  of  the 

RHV.

(k)  Flush the microcatheter with heparinized saline using a 3 mL or larger 

syringe to flush the silk into the vessel. There will be a build up of pres-

sure, then a release as the silk is expelled from the microcatheter.

(l)  The  position  of  the  microcatheter  should  be  checked  fluoroscopically 

since the force of these injections can cause the tip to move.

(m) Periodic  contrast  injections  are  done  via  the  microcatheter  to  check  or 

changes in the flow.

(n)  It may take several silk fragments to produce an effect on the flow.

(o)  Consider using particles and/or coils in conjunction with silk to facilitate 

occlusion.

(p)  Avoid using a 1-mL syringe for flushes or test injections, since it gener-

ates sufficient pressure to rupture most microcatheters.

(q)  If the microcatheter does not flush easily, it may be clogged by the silk.

(r)  In  some  cases,  a  clogged  microcatheter  may  be  unclogged  by  passing  a 

coil pusher through it, but in most cases it must be removed and another 

microcatheter used to re-access the vessel to be embolized.

(s)  The  end-point  for  embolization  may  be  difficult  to  assess,  since  silk 

induces a slow thrombosis that may unpredictably occlude the vessel, so 

frequent test injections of contrast should be done, to prevent refluxing 

emboli proximally from the occluded vessel.

8.  Detachable balloon technique

This  discussion  may  be  primarily  of  historic  interest  for  practitioners  in  the 

United States until FDA approval is achieved.

(a)  Choose a balloon diameter that is slightly larger than the space intended 

for occlusion.

(b)  Bench-test the balloon by inflating it with sterile water using a blunt-tip 

25-gauge needle attached to a 3-mL syringe.

(c)  Insert the needle very carefully into the valve of the balloon and inflate 

0.1–0.3 mL, but to no more than the rated volume of the balloon.

(d)  Withdraw  the  needle  and  confirm  that  the  balloon  remains  inflated.  If 

not discard it and obtain another balloon.

(e)  Assuming  the  balloon  can  remain  inflated,  re-insert  the  blunt  needle 

and deflate it, making sure to tilt the balloon to remove any air bubbles 

as the water is aspirated.
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(f) Inflate the balloon with an approximately iso-osmolar contrast solution. 

Visipaque ™  (iodixanol)  (GE  Healthcare,  Princeton,  NJ)  is  a  convenient 

choice.

(g)  Attach an RHV with a one way stopcock to an appropriate balloon deliv-

ery microcatheter. In general, the outer diameter of the tip should be less 

than 2 French.

(h)  Flush the RHV and microcatheter with iso-osmolar contrast.

(i)  Preload  a  microwire,  stiff  end  first,  into  the  microcatheter  and 

advance  it  just  to  the  catheter  tip.  The  wire  should  be  small  enough 

such that contrast can be injected through the microcatheter around 

the wire.

(j)  Carefully  load  the  prepared  balloon  onto  the  microcatheter.  It  may 

deflate somewhat as the microcatheter enters its valve.

(k)  Keeping  a  contrast  syringe  attached  to  the  open  stopcock  on  the  RHV, 

slowly withdraw the wire, injecting contrast to fill the dead-space of the 

microcatheter.

(l)  Insert the wire, soft end first, back into the microcatheter after forming 

the desired curve on its tip.

(m) Advance it to the tip of the microcatheter, but do not advance it into the 

balloon.

(n)  Attach a torque device to the microwire.

(o)  A  very  large-lumen  guide  catheter  (or  90-cm  sheath)  large  enough  to 

accept the balloon and another balloon catheter should be in the brachio-

cephlic artery supplying the lesion to be embolized.

(p)  A two headed RHV (or 2 RHVs in tandem) is attached to the guide cath-

eter.

(q)  The balloon-tipped microcatheter is carefully inserted into one RHV, and 

a second, non-detachable balloon such as a Hyperform™ (ev3, Irvine, CA) 

is carefully inserted in the other RHV.

(r)  Alternatively, each balloon can be inserted in a separate, smaller guide 

catheter inserted via a separate groin puncture.

(s)  The two balloons are carefully navigated into the vessel.

(t)  If possible, advance the detachable balloon catheter without inflation of 

the balloon to the desired site.

(u)  It  may  be  possible  to  turn  the  tip  of  the  microcatheter  by  rotating  the 

wire inside it.

(v)  Avoid entering the balloon with the wire, since it may damage or prema-

turely detach it.

(w) In some cases it may be necessary to inflate the balloon slightly to let the 

flow carry it forward.

(x)  Never pull back on a partly or fully inflated balloon: It may detach inad-

vertently.

(y)  The  second  balloon  can  sometimes  be  used  to  facilitate  proper 

positioning  of  the  detachable  balloon.  It  can  be  inflated  next  to  the 

detachable balloon to nudge it into a turn, or can be inflated distal to 

a fistula, to direct all the flow, and the detachable balloon directly to 

the fistula.

(z)  When the balloon is in its desired location, the second balloon should be 

positioned  proximal  to  the  detachable  balloon  and  slightly  inflated  to 

control the flow.

(aa)  The  detachable  balloon  is  then  fully  inflated.  Remember  that  flow 

tends to carry balloons forward as they are inflated. The balloon should 

therefore be slightly proximal to the desired position before inflation, or 

proximal flow should be stopped by fully inflating the proximal nonde-

tachable balloon.

(bb)  Contrast injections via the guide catheter are done to confirm that the 

desired position and occlusion have been achieved.

(cc)  If not, the balloon should be deflated, moved to the desired position, then 

re-inflated.

(dd)  When the desired position is confirmed, one could do a test occlusion, if 

necessary (see Chap. 6, Provocative Testing)

(ee)  When the operator is confident that it is safe to proceed, the balloon may 

be detached. This is sometimes more difficult than it sounds.

(ff)  Inflate the non-detachable balloon fully just proximal to the detachable 

balloon. This can help stabilize it.54 (gg)  Slowly,  steadily,  pull  back  on  the  microcatheter,  continuously  watching 

the  inflated  balloon.  Silicone  balloons  may  slide  back  in  the  vessel  as 
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traction is put on the microcatheter if insufficiently sized for the vessel 

or if no proximal support balloon is used.

(hh)  The valve side of the balloon can often be seen to stretch as the micro-

catheter  is  pulled  back,  then  relax  suddenly  as  the  valve  slides  off  the 

microcatheter and the balloon detaches.

(ii)  It is generally a good idea to place a second balloon or some microcoils 

adjacent  to  the  first  balloon  to  ensure  a  stable  occlusion  if  the  valve 

leaks.

9.  Pushable coil technique

(a)  Large  lumen  over-the-wire  microcatheters  must  be  used.  In  general, 

most 18-system fibered coils need at least a 0.017-in. diameter lumen.

(b)  When the microcatheter is properly positioned, check that all slack is removed 

and there are no kinks. These can impede the placement of the coil.

(c)  Also ensure that the RHV of the guiding catheter is just tight enough to 

prevent back-bleeding, but not too tight to pinch the microcatheter.

(d)  There should be an RHV with continuous infusion of heparinized saline 

already attached to the microcatheter hub as well.

(e)  Select an appropriately sized coil to fit in the vessel tightly.

(f)  For  very  high-flow  states,  or  when  precise  coil  positioning  is  required, 

consider using a detachable coil first.

(g)  When  ready  to  embolize  with  the  pushable  coil,  insert  the  introducer 

containing  the  coil  through  the  RHV  of  the  microcatheter  and  seat  it 

with its blunt tip in the hub of the microcatheter.

(h)  Carefully push the coil into the microcatheter with the plunger supplied 

by  the  manufacturer.  As  an  alternative,  most  coils  can  be  injected  into 

the microcatheter using a small bolus of heparinized saline.

(i)  Remove the introducer from the RHV, and tighten the valve of the RHV.

(j)  To  flow-inject  smaller  (up  to  10-mm  long)  microcoils,  inject  the  micro-

catheter with heparinized saline using a 3 mL or larger syringe to flush 

the coil into the vessel. This can be monitored fluoroscopically.

(k)  To deposit the coil in a more controlled fashion, a coil pusher should be 

utilized.

(l)  Do not use a guidewire to push a coil because it may over-ride the coil, 

and possibly wedge it in the microcatheter.

(m) The authors like the TruPush® (Cordis Neurovascular, Miami Lakes, FL) 

for  18-system  coils  and  the  Pusher  10  (Boston  Scientific,  Natick,  MA) 

when a smaller, ten-system coil is used in a ten-system microcatheter.

(n)  Do not push the tip of the coil pusher beyond the tip of the microcatheter. 

The relatively stiff pusher can traumatize the vessel.

(o)  Place additional coils to achieve the desired occlusion.

(p)  If a coil does not pass easily through the microcatheter, there may be a 

sharp turn or kink in the microcatheter. Gently pulling it back slightly, 

or occasionally pushing it forward may relieve the obstruction.

(q)  The  position  of  the  microcatheter  should  be  checked  fluoroscopically 

since the placement of the coils and any catheter manipulation can dis-

place the tip of the microcatheter.

(r)  Periodic  contrast  injections  are  done  via  the  microcatheter  to  check  or 

changes in the flow.

(s)  It may take several coils to produce an effect on the flow.

(t)  In  high-flow  fistulae,  consider  using  a  liquid  embolic  agent  (glue  or 

Onyx®) to fill spaces between coils and produce a secure occlusion

10.  Detachable coil technique

(a)  Use  of  detachable  coils  is  discussed  in  excruciating  detail  in  the 

Intracranial Aneurysms Procedure Chap. 5.

(b)  These coils require the use of 150-cm long, two tip marker over-the-wire 

microcatheters.

(c)  As a general rule, deposit coils in the vascular structure to be occluded 

beginning from the area most distal to the point of endovascular access to 

the structure. Embolize from distal-to-proximal to avoid burning bridges, 

or painting oneself into a corner, or whatever metaphor works best.

(d)  Also, another general rule is to start with the biggest coil diameter and 

longest length first.

(e)  Especially  in  the  case  of  a  high-flow  fistula,  it  is  best  to  start  with  a 

detachable  coil,  oversized  to  the  diameter  of  the  vessel  being  occluded. 

If it does not appear stable, do not detach it. Remove it and try a larger diameter coil or a 3D configuration coil.
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(f)  Sometimes it helps to get a loop or two in a side branch or sharp curve in 

the vessel to stabilize it.

(g)  Once one coil adequately frames the vessel and is stable, detach it.

(h)  Place additional detachable coils to further frame and fill the space. The 

softest possible coils work best to pack tightly into the space available.

(i)  If the microcatheter has a large enough lumen, it may be helpful to inter-

sperse some fibered coils to induce thrombosis. Be careful not to displace 

the  microcatheter  with  the  stiffer coils  or  jam  the  coils  in  the  catheter, 

and use detachable fibered coils instead of pushable coils whenever pos-

sible, to improve the precision and controllability of the occlusion.

(j)  Continue to pack coils in the venous structure to be occluded. Alternate 

between  ultrasoft  coils  to  fill  small  spaces  and  fibered  coils  to  promote 

thrombosis.

(k)  For  a  large  vessel  or  high-flow  fistula,  it  will  take  many,  many  coils  to 

block  the  flow.  Consider  using  a  liquid  embolic  agent  to  complete  the 

occlusion.

(l)  Periodic arteriograms during the procedure will indicate when the flow 

in the treated vessel slows and finally stops.

11.  Stent placement for AVF technique

(a)  Use of stents for aneurysm coiling is discussed in excruciating detail in 

the Intracranial Aneurysms Procedure Chap. 5.

(b)  Prior to any stent procedure it is recommended to start clopidogril 75 mg 

daily for at least 3 days pre-procedure, and continue for 3–6 months post-

procedure.

(c)  The Neuroform™ or Jostent® requires the use of 300-cm long, 0.014 wires. 

Enterprise™ does not.

(d)  Size the stent appropriately for the parent artery (usually a little wider 

than the parent artery) and for the lesion being stented (usually at least 

4-mm coverage on either side of the lesion).

(e)  As a general rule, the wire is first placed quite distal to the lesion being 

stented by first placement of a standard microcatheter, then, after place-

ment of the 300-cm wire (with a J-shaped tip) the microcatheter is care-

fully removed, leaving the wire in place.

(f)  Always keep the wire tip in view and ensure that it stays in a larger ves-

sel and does not injure the vessel wall.

(g)  Especially in the case of a high-flow fistula, it is best to have distal wire 

access to provide support.

(h)  Slowly, carefully advance the stent delivery catheter (for Neuroform™ or 

Jostent®) over the wire, gently pulling back on the wire to make sure the 

tip remains in a stable position.

(i)  Once  the  stent  is  in  position,  remove  any  slack  in  the  wire  and  stent 

delivery catheter. This is critical for obtaining easy and accurate deploy-

ment.

(j)  Perform  a  follow-up  arteriogram  by  a  contrast  injection  via  the  guide 

catheter.

(k)  If the stent is not in proper positioning, change the position and repeat 

the arteriogram.

(l)  When a good position is achieved across the neck of the lesion, the stent 

is ready for deployment.

(m) For  a  Neuroform™,  the  stent  is  deployed  by  stabilizing  the  inner  stabi-

lizer  as  the  outer  stent  delivery  catheter  is  pulled  back,  exposing  the 

stent.

(n)  The  stent  delivery  catheter  can  then  be  removed,  and  a  microcatheter 

navigated  through  the  stent  into  the  fistula.  Coiling  of  the  fistula  can 

then proceed.

(o)  Consider  placing  a  nondetachable  balloon  in  the  stent  for  inflation  as 

the coils are inserted. This prevents loops of coils from finding their way 

through the stent and into the parent artery. This is particularly impor-

tant for cases in which many coils are deployed into the venous side of 

the fistula, totally obscuring the parent artery on fluoroscopy. It is also 

important  if  liquid  embolic  agents  are  used  on  the  venous  side  to  keep 

them from embolizing the artery.

(p)  For a Jostent®, the stent is deployed by slowly inflating the balloon under 

roadmap guidance to match the size of the parent artery. Do not exceed 

the maximum recommended pressure

(q)  When it appears that the stent is opened up to the proper size, deflate 

the  balloon  and  carefully  disengage  it  from  the  open  stent.  It  may  be 
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stuck  to  the  stent  and  require  another  inflation/deflation  cycle  to  free 

it up. Be careful not to move the stent when trying to pull back on the 

balloon.

(r)  Once the balloon is deflated and disengaged, perform a follow-up arterio-

gram via the guide catheter.

(s)  If the stent is not fully apposed to the vessel wall, re-insert the balloon 

into  the  stent  and  attempt  to  dilate  further.  Do  not  exceed  maximum 

pressure for the balloon. If necessary, the balloon could be exchanged for 

a  new  low-compliance  coronary  angioplasty  balloon  sized  to  the  vessel 

diameter and no longer than the stent.

(t)  Remember that the outer diameter of the stent is more than that of the 

inner lumen, so the vessel will be dilated around the stent to a greater 

degree than expected for the size of the balloon used.

(u)  Assuming  that  the  stent  was  properly  sized  and  positioned  in  the  first 

place, it should nicely fit the vessel and occlude the lesion (AVF) when 

fully  deployed.  If  not,  consider  navigating  a  microcatheter  from  the 

venous side and place some coils to occlude the shunt.

(v)  If using an Enterprise, a 0.021-in. lumen microcatheter like the Prowler 

Plus™ is navigated over a suitable microwire into the vessel of interest and positioned with its tip approximately 1.5 cm distal to the lesion being 

covered. Always use roadmap guidance.

(w) The microwire is removed, and slack removed from the microcatheter.

(x)  The  stent  is  mounted  on  a  delivery  wire  and  this  is  advanced  into  the 

microcatheter to the tip of the microcatheter.

(y)  The  microcatheter  can  be  moved  forward  or  backward  until  the  stent 

markers are lined up at the desire position for the stent.

(z)  If  there  is  any  question  as  to  the  proper  positioning,  a  follow-up  arte-

riogram  via  the  guide  catheter  prior  to  stent  deployment  will  confirm 

whether the markers are appropriately positioned.

(aa)  The stent is deployed by slowly pulling back on the microcatheter as the 

delivery wire is stabilized to unsheath the stent.

(bb)  If  it  appears  to  be  too  proximal  or  distal,  it  can  be  resheathed,  reposi-

tioned,  and  redeployed  if  not  already  deployed  more  than  70%.  Do  not 

resheath and redeploy it more than a couple of times.

(cc)  Once it is properly positioned and deployed, the stent delivery catheter 

can then be removed, and a microcatheter navigated through the stent 

into the fistula. Coiling of the fistula can then proceed.

(dd)  Again,  consider  the  adjunctive  use  of  a  balloon  during  coiling  and  cer-

tainly with use of liquid embolic agents.

 

7.4.8.       Postprocedure puncture site care

Once the procedure is completed, the catheters are removed. If systemic heparin 

was  administered,  obtain  an  ACT  to  see  if  the  patient  is  still  anticoagulated. Protamine can be given to reverse heparin, as long as the patient is not an insulin-dependant diabetic or has other contraindications. The sheath can be removed and hemostasis  should  be  obtained  by  manual  pressure.  Alternatively,  one  can  use  a closure  device.  The  authors  of  this  handbook  use  the  Perclose®          ™  Proglide  (Abbott Laboratories,  Redwood  City,  CA).  The  patient  should  be  kept  at  strict  bed  rest with the legs extended for at least 2 h, depending on the sheath size. If a 5 French or  smaller  sheath  was  used,  another  option  is  to  apply  a  Syvek  hemostatic  patch (Marine Polymer Technologies, Danvers, MA) then keep the patient at bed rest for two hours.

 

7.4.9.       Postprocedure management

1.  Complete the neurological exam.

2.  Admit to the NICU with vital signs, neuro exams and groin checks Q 1 h.

a.  It  is  not  uncommon  for  patients  undergoing  intracranial  embolization 

procedures to have a headache the evening after the procedure. A head 

CT should be obtained, if the headache is significant, to exclude hemor-

rhage.  Most  headaches  in  this  setting  are  presumably  due  to  irritation 
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produced by thrombosis. The greater the headaches are, the more throm-

bosis is produced.

3.  Only  patients  that  had  stent-assisted  coiling  of  an  AVF  should  remain  on 

antiplatelet therapy (clopidogril 75 mg daily for 3 months, aspirin 80 mg daily 

indefinitely).  Other  post-embolization  patients  are  not  routinely  treated  with 

antithrombotic agents.

4.  After embolization of high flow AVM or AVF it is advisable to strictly control 

blood  pressure  post  procedure.  Experimental  evidence  exists  that  induced 

hypotension during and after AVM embolization procedures reduces the risk of 

hemorrhagic complications.55

5.  Most  patients  after  intracranial  embolization  for  tumors  or  AVMs  may  go  to 

surgery within a day or two. Those with unruptured AVMs that are undergo-

ing multiple staged procedures may be able to be discharged to home on post-

procedure day 1.

6.  Depending  on  the  lesion  and  if/when  later  surgery  is  scheduled,  it  is  best  to 

wait at least 7 days between stages.

7.  Routine  radiographic  follow-up.  Patients  who  underwent  what  was  felt  to  be 

definitive treatment of their lesion should have, atleast 6 months: catheter angi-

ogram and gadolinium-enhanced MRA. If the studies agree and there is no need 

for additional treatment, an MRA is obtained on a yearly basis indefinitely.

 

7.5.        Tips on specific disease processes

 

1.  Intracranial aneurysms

a.  Covered in great detail in Chap. 5

2.  Intracranial arteriovenous malformation (AVM)

(a)  No  evidence  that  incomplete  embolization  improves  risk  of  hemor-

rhage. 56

(b)  Most AVM embolization done as preoperative procedure.

(c)  The use of any invasive treatment of unruptured AVMs is controversial 

and serious questions arise as to whether the benefits of treatment are 

justified by the risks.57, 58

(d)  AVMs  that  have  bled  should  definitely  be  treated  to  complete  cure,  if 

possible.

(e)  Low  Spetzler-Martin  grade  AVMs  can  usually  undergo  successful  sur-

gery without embolization.

(f)  Higher grade AVMs may benefit from pre-op embolization.

(g)  The authors of this handbook prefer to wait at least a week after AVM 

rupture to prevent swelling from the hemorrhage from adding to swelling 

caused by embolization.

(h)  Pre-operative embolization should target feeders difficult to access sur-

gically.  Depending  on  the  planned  surgical  approach,  this  may  include 

feeders  from  the  posterior  or  anterior  cerebral,  large  perforators,  high 

flow fistulae, or associated aneurysms.

(i)  Targeted pre-op embolization is less risky than being too aggressive and 

attempting the cure the AVM. One should carefully determine the goal 

of the embolization ahead of time and stick to the plan.

(j)  When doing embolization prior to radiosurgery, use a permanently occlu-

sive liquid embolic, target high risk features like intranidal aneurysms, 

but  mainly  attempt  to  occlude  large,  contiguous  segments  of  the  nidus 

(not just feeders) and avoid creating separate islands of residual nidus. 

This  forces  targeting  a  larger  volume  of  AVM  for  radiation,  which  may 

reduce the effectiveness of therapy.

(k)  For  lesion  considered  inoperable,  staged  embolizations  with  a  goal  of 

curative  embolization  may  be  attempted,  but  these  should  be  rare, 

given the proven effectiveness of both open surgery and radiosurgery for 

AVMs.

(l)  For curative embolization the technique is similar to that for pre-radio-

surgery embolization: Occlude contiguous segments of nidus with liquid 

embolic and avoid creating isolated islands of nidus.

(m) The most effective embolization is with glue or Onyx treatment. Recent 

reports  on  Onyx  embolization  suggest  a  possibly  higher  cure  rate  with 

this agent than other agents.2, 3
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(n)  Intranidal  injections  of  dilute  glue  can  be  curative.4,16  The  addition 

of  large  amounts  of  Ethiodol  does  not  appear  to  affect  the  biological 

response or long-term occlusiveness of the n-BCA.59

(o)  However, operators should use devices with which they are familiar and 

comfortable.

3.  Intracranial arteriovenous fistula (AVF).

(a)  Carotid cavernous fistula (CCF)

● Direct, high flow fistulae should be treated urgently if impending 

vision loss, high intraocular or intracranial pressure, or if clinical 

signs of venous hypertension or angiographic signs of venous reflux 

into cerebral cortical or brainstem veins.60

● CCF can be treated transarterial, transvenous, or combined.

● In the past, CCF usually was treated by navigating detachable bal-

loons across fistula and inflating on the venous side to occlude the 

shunt.61

● Multiple  simultaneous  balloons  in  the  vessel  can  be  helpful  to 

guide the balloon through the fistula.54,62

● Limited  availability  of  balloons  in  the  USA  has  required  other 

techniques in most cases.

● Coil  embolization  has  been  helpful,  especially  in  small-hole  fistu-

lae.63, 64

● Stent  assisted  coiling  is  often  effective,  but  for  high  flow  fistula 

may  also  require  liquid  embolic  injection  within  the  coil  mass  to 

occlude shunt.65–67

● Balloons should be placed to temporarily occlude the artery at the 

site of the fistula during liquid embolic injection to prevent reflux 

into the artery.67

● Adding  fibered  coils  or  Hydrocoils  to  the  coil  mass  sometimes 

speeds the occlusion as well.68

● Transvenous occlusion is a helpful option in many cases with dif-

ficult or unsafe arterial access, especially in patients with vascular 

fragility syndromes.69,70 See Chap. 12.

● Covered stent occlusion of the fistula is a very quick, elegant solu-

tion,71 but the stents are stiff and difficult to navigate intracrani-ally,  there  are  regulatory  issues  since  the  device  is  not  approved 

for  intracranial  use,  and  long  term  patency  of  covered  stents  is 

uncertain.

● Parent artery occlusion may be the only option in cases with severe 

disruption of the artery. Be sure that there is sufficient collateral 

flow to the occluded hemisphere. This is often obvious angiographi-

cally. A balloon test occlusion can be done if there is a question, but, 

if possible, should be done with the balloon distal to the occlusion, 

since a false positive test occlusion may occur due to a steal through 

the  fistula.  The  authors  of  this  handbook  have  also  seen  patients 

who initially fail a test occlusion pass at a later date as collateral 

flow improves.

● When performing parent artery occlusion of a fistula, it is best to 

first coil distal to the fistula, then pack the fistula itself, and only 

last  occlude  the  vessel  proximal  to  the  occlusion.  Just  a  proximal 

occlusion  will  ensure  that  the  fistula  remains  open  through  col-

laterals from above. This was why carotid ligation resulted in fre-

quent recurrences of the symptoms in the era before endovascular 

therapy. Even trapping proximal and distal to the CCF can rarely 

allow  it  to  remain  patent  via  collaterals  to  the  cavernous  carotid 

branches.

● After  successful  occlusion  of  a  fistula,  it  is  not  unusual  for  symp-

toms  of  diplopia  and  proptosis  to  persist  for  some  months  since 

it  can  take  time  for  edema  and  mass  effect  to  subside,  but  most 

improve within a week.72

● Some  patients  can  transiently  worsen  post  procedure  when  the 

cavernous sinus thromboses.

● If symptoms worsen or do not recover quickly, and there is evidence 

of a bruit or the patient hears pulsatile tinnitus, consider angiog-

raphy to exclude persistent or recurrent fistula.

(b)  Dural AVFs

● Most  dural  fistulae  are  accessed  from  an  arterial  standpoint 

through external carotid feeders.

INTRACRANIAL EMBOLIZATION PROCEDURES                                     7.5. Tips on specific disease processes                  243

● Rare intracranial feeders may supply dural fistulae, including pial 

collaterals  from  very  distal  anterior,  middle,  or  posterior  cerebral 

feeders.

● If  relatively  few,  these  may  be  accessed  and  embolized  via  a 

transarterial  route  using  glue  embolization  delivered  via  a  flow-

directed microcatheter.

● More commonly, when there are pial contributors to dural fistulae, 

they  are  multiple  and  not  easily  accessible  via  an  endovascular 

route. A more sensible alternative would be transvenous emboliza-

tion (see Chap. 19) or open surgical disconnection.

● It should be remembered that pial collaterals have not been shown 

to be a risk factor for hemorrhage or neurological decline, and the 

presence  or  absence  of  pial  venous  drainage  is  a  more  important 

indication of how aggressively to treat these lesions.

(c)  Pial AVF’s

● True pial AVFs (not associated with AVM or dural AVF) are rare, 

with less than 100 cases published in the literature.73

● They  may  be  associated  with  Osler-Weber-Rendu  syndrome,  and 

may be multiple.

● Some are extremely high flow lesions, presenting with high-output 

cardiac failure.

● The  high-flow  AVFs  are  a  challenge  for  endovascular  treatment, 

given  the  likelihood  that  any  deposited  embolic  device  might  be 

sucked into the giant veins usually associated with these lesions.

● When detachable balloons are available, these can be used to treat 

these fistulae, but often require two balloons simultaneously navi-

gated  to  the  fistula,  and  simultaneously  inflated,  to  prevent  the 

high flow from pulling a partially inflated  balloon off its  delivery 

microcatheter and out into the veins.

● Balloon detachment in these large, distal fistulae is sometimes dif-

ficult, because they may slide back in the large feeding arteries as 

the microcatheter is pulled back.

● Now  that  balloons  are  not  readily  available  in  the  United  States, 

high concentration glue, with, or without microcoil placement is the 

mainstay of endovascular therapy for pial AVFs.73–75

● When successfully occluded, these patients should be closely moni-

tored for signs of brain edema (normal perfusion breakthrough).

● Keeping the patient slightly hypotensive for a day or two may help.

● Another cause of post-procedure headache and neurological decline 

is thrombosis of large venous varices draining the fistula.76 Steroid and heparin may help those symptoms.

(d)  Vein  of  Galen  malformations  (see  also  Chapter  15,  Appendix:  Vein  of 

Galen Malformations)

● May require urgent therapy in very young patients to resolve high-

output cardiac failure.

● Primary goal of treatment is maintaining cardiac and brain func-

tion and allow for normal development by interruption of arterial 

inputs  to  the  fistula.  Complete  angiographic  cure  is  much  less 

important.77

●                                                         78–80 Rarely, spontaneous occlusion of the fistula may occur. This is 

often associated with angiographic signs of slow AV shunting and 

venous outlet stenosis.78 Spontaneous cure tends to have an excel-lent clinical outcome.80

● Vein of Galen malformations may occasionally present with hemor-

rhage, but this does not necessarily imply a poor prognosis.81

● Transarterial  glue  embolization  in  the  primary  mode  of  treat-

ment.77

●                                                         82 Transvenous  embolization  may  be  technically  easier,  but  out-

comes are worse. Normal brain veins may drain into the anomalous 

venous pouch that is the usual target of transvenous coil emboliza-

tion.83 As a rule, transvenous embolization should be done only to facilitate transarterial embolization either by loosely placing a coil 

or  two  to  prevent  the  migration  of  transarterial  embolic  agents 

through the fistula into the veins, or by retrograde catheterization 

and occlusion of arterial feeders through the vein.

● In newborns, the procedures are limited by fluid and contrast load. 

Keep the flush and contrast injections to a minimum.

244                  7.5. Tips on specific disease processes                                               INTRACRANIAL EMBOLIZATION PROCEDURES

● Anesthetic  and  critical  care  management  of  infants  with  heart 

failure can be challenging. Pulmonary hypertension can be helped 

using inhaled nitric oxide.84

● Use noninvasive imaging like ultrasound and MRA to get an idea 

of vascular anatomy to minimize the angiographic studies needed 

for diagnosis and treatment planning.

● Using  a  4-French  pediatric  catheter  as  a  guide  catheter,  flow 

directed microcatheters can be used for intracranial navigation.

In  some  cases,  an  over-the  wire  microcatheter  can  be  navigated 

directly  from  the  groin  (or  umbilical  access)  all  the  way  intrac-

ranially,  but  that  means  that  only  one  glue  injection  can  be  done 

without having to re-access the arterial system.

● The  highest-flow  feeders  should  be  embolized  first,  and  each  ses-

sion should seek to occlude as many feeders as are safely possible, 

given  the  limitations  on  time  under  anesthesia  and  contrast  load 

for the child.

● As  in  any  intracranial  embolization,  occlude  the  feeders  distal  to 

any normal brain branches.

● May  need  to  use  high-concentration  glue  or  use  coils  to  slow  the 

flow in the high flow feeders.

● Stage  the  embolization  as  necessary,  following  the  child’s  neuro-

cognitive development, growth, and check periodic MRIs to rule out 

development  of  hydrocephalus  or  leukomalacia  and  atrophy.  If  the 

child does well, further embolization can wait longer than if there are 

signs that the venous hypertension is impairing brain development.

● Morbidity from invasive procedures is higher in children less than 

12 months, so it is best to wait until after the child’s first birthday 

for the more extensive embolizations if possible.

● It may not be necessary to shunt the hydrocephalus, since transar-

terial embolization may reduce the venous hypertension and mass 

effect  from  the  vein  and  improve  CSF  dynamics.  Some  children 

with  vein  of  Galen  malformation  may  also  decline  neurologically 

after shunting.

(e)  Post-traumatic or post surgical fistulae

● Other  than  carotid  cavernous  fistulae,  intracranial  fistulae  after 

closed or penetrating trauma or iatrogenic trauma are quite rare.

● The  most  important  step  is  to  first  understand  the  vascular 

anatomy  and  how  it  affects  brain  blood  flow.  Fistulas  draining 

into meningeal veins or dural sinuses may be watched expectantly, 

since  some  may  spontaneously  thrombose.  Those  draining  into 

cerebral veins require treatment.

● Coils and/or liquid embolic agents are the endovascular treatment 

of choice.

2.  Bleeding intracranial vessel

(a)  Usually it becomes an endovascular problem when it occurs as a compli-

cation of an endovascular procedure

(b)  Rarely for post-operative or post-traumatic bleeding

(c)  Seeing  active  bleeding  angiographically  is  a  much  more  ominous  sign 

than seeing a pseudoaneurysm that is not bleeding.

(d)  This is an acute emergency since uncontrolled intracranial bleeding can 

be fatal if not quickly controlled.

(e)  Ventriculostomy  can  decompress  the  intracranial  hypertension  and  be 

life-saving.

(f)  Placement of a balloon guide catheter or nondetachable balloon catheter 

proximal to the bleeding site can slow the bleeding while a microcatheter 

is navigated to the bleeding site.

(g)  Parent  artery  occlusion  with  coils  and/or  glue  is  generally  the  only 

option. Keep the length of vascular occlusion to a minimum to maximize 

potential collateral flow and minimize the size of ischemic damage.

(h)  Avoid just doing a proximal occlusion: This does not stop bleeding from 

collateral  sources  and  burns  bridges  since  direct  access  to  the  lesion 

would be blocked.

(i)  Disruptions  of  very  proximal  intracranial  vessels  (e.g.  carotid  or  verte-

bral) may be sealed by deployment of a covered Jostent.

3.  Intracranial tumors

(a)  Pre-operative embolization indications: 85

●   Control surgically inaccessible arterial feeders.
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●   Decrease surgical morbidity by reducing blood loss. ●   Shorten operative time. ●   Increase the chance of complete resection. ●   Decrease risk of damage to adjacent normal tissue. ●   Decrease chance of tumor recurrence. ●   Allow better visualization of the surgical field.

(b)  Most  commonly  embolized  intracranial  tumors  include  meningiomas, 

paragangliomas, and hemangioblastomas.

(c)  Feeding vessels to the tumor are often external carotid branches that are 

easily and safely embolized. (See Chap. 8)

(d)  Intracranial feeders from the carotid and vertebral or more distal intrac-

ranial branches may supply tumors.

(e)  For  embolizing  tumors,  particle  embolization  is  done  most  commonly, 

although  for  intracranial  branch  embolization,  the  authors  more  com-

monly  use  a  liquid  embolic  agent,  given  the  greater  control  and  radio-

opacity compared with particles.

(f)  For each feeder, a risk/benefit ratio should be determined. Is the feeder 

easily and safely catheterized? Would occlusion provide sufficient reduc-

tion in the risk of surgery to justify the risk of embolization?

(g)  It  is  wise  to  treat  the  patient  with  dexamethasone  before  and  after  an 

embolization to limit the tumor swelling.

(h)  Choice of embolic agent

● The authors of this handbook favor particle embolization for almost all 

cases. PVA, Beadblock (Terumo Medical Corporation, Somerset, NJ), 

Embospheres (Biosphere Medical, Rockland, MA) and gelfoam powder 

may all yield adequate results. Recanalization after embolization is not 

a threat when surgery is planned relatively soon after embolization.

–  Beadblock and Embosphere particles may be preferable to PVA 

because they are spherical in shape and penetrate the tumor 

vasculature  better.  PVA  particles  are  irregularly  shaped  and 

form agglomerates that occlude more proximally.86

●   Particle  size  selection.  Smaller  particles  (<150 µm)  are  able  to 

penetrate more deeply into the tumor and result in more complete 

devascularization. 87, 88 Other data suggest a higher risk of hemor-rhage with smaller particles.89

–   The authors of this handbook prefer smaller-to-intermediate 

size particles (100–300 µm) for most tumors.

(i)  Timing of surgery after embolization

● Controversial: Some authors recommend surgery soon after embol-

ization, 90–92  while  some  recommend  waiting  1–2  weeks,  to  permit necrosis and softening of the tumor.93

–  In a review of 45 patients with surgery for meningiomas after 

embolization,  resectability  was  greatest  when  surgery  was 

done 7–9 days after embolization. 94

–  However,  some  patients  develop  delayed  tumor  edema  and/or 

hemorrhage after embolization, necessitating urgent surgery.89, 95

–  Another  argument  against  delayed  surgery  after  emboliza-

tion is that embolized tumors, such as meningiomas, may be 

over-graded on histological examination because of emboliza-

tion-induced necrosis and reactive changes. 96, 97

● The authors of this handbook prefer to time surgery immediately 

after embolization or on the morning after. Occasionally, patients 

awaiting surgery devolop post-embolization edema or intratumoral 

hemorrhage,  necessitating  prompt  surgery;  minimizing  this  risk 

by doing early surgery provides a greater benefit than any possible 

optimization of tumor resectability.

(j)  Steroids before and after treatment are important.

● Dexamethasone, 10-mg IV prior to embolization and then 4-mg PO/

IV Q6 hours for 24–48 h after embolization.

 

7.5.1.  A brief history of brain AVM embolization

The first report endovascular treatment of brain AVM’s was by Alfred Luessenhop 

and Spence in 1960.98 This involved performing a cut-down on the external carotid and 
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injecting large particulate agents retrograde into the internal carotid. These particles were usually 1–3-mm diameter silicone rubber spheres impregnated with barium to make them radiographically visible. In cases of high-flow AVMs, the flow tended to carry  appropriately  sized  particles  into  the  feeding  arteries  of  the  AVM.  As  long  as the particles are large enough, they would not pass through the nidus into the venous system.  The  technique  evolved  into  a  strictly  endovascular  process  with  placement of  a  large-bore  catheter  from  a  transfemoral  approach  using  standard  Seldinger technique.99 The spheres were then injected one-by-one through the catheter into the cerebral circulation. The appearance of the spheres traveling through the vessels on fluoroscopy was strangely fascinating, and can be compared to watching a pinball at an arcade. An element of chance was always involved, and one could never be certain where they would land. Still, because of preferential flow to the AVM, most would end up in the feeding arteries to the lesion.

In the meantime, the technique of intracranial catheterization and superselective 

embolization was beginning. This phase involved the use of iso-butyl cyanoacrylate(i-BCA)  glue  as  the  embolic  agent.  Liquid  plastic  material  could  be  injected  directly via  intra-operative  placement  of  angiocatheters  in  the  feeding  arteries  or  via  an endovascular approach. The endovascular injection of i-BCA required superselective catheterization. Soft tubing with an attached balloon could be wound into an injection chamber,  then  forcefully  injected  through  a  guide  catheter  into  the  vessel.  Inflation of the balloon would allow the blood flow to carry the balloon catheter forward. This worked well with AVMs given that their feeding arteries tend to be larger with more blood flow than normal vessels, and the balloon would preferentially go into the AVM feeders. When the balloons were prepared, a small hole was made in its apex, to allow contrast to be injected for superselective angiography, and when the balloon catheter was in proper position, the liquid cyanoacrylate glue was injected to embolize the feed-ing  artery  and  nidus  of  the  AVM.100–102  The  balloon  size  was  varied  by  the  rate  and pressure of injection. In the proper hands, the technique became quite elegant, since the balloon provided flow arrest during the glue injection to allow a controlled filling of the nidus. 103 However, the catheterization technique was quite involved and the use of  glue  required  considerable  training  and  experience.  Even  experienced  operators would sometimes rupture vessels by over-inflating the balloon or have some problem with the glue polymerizing too fast and gluing the catheter in place, or too slow and spreading beyond the nidus into the veins. All of these issues resulted in AVM emboli-zations being done at only a few centers.

In  the  1980s,  development  of  variable  stiffness  microcatheters,  specifically  the 

Tracker, and platinum tipped microwires ushered in a new era for AVM embolization. This  allowed  for  intracranial  navigation  without  the  complicated  injection  chamber or the balloon, and also opened up the option of embolizing with particles and other agents besides glue. By the late 1980s, platinum microcoils suitable for delivery via a Tracker also became available. Embolization of AVMs began to be done at an increas-ing  number  of  centers  and  with  a  wide  variety  of  embolic  agents.  Coincidentally, the company Ethicon stopped making i-BCA in the late 1980s and, although n-BCA (Histoacryl,  Braun,  Meslungen,  Germany)  was  widely  available  in  Europe  and Canada,30 glue became scarce in the United States. Thus, throughout the 1980s and 1990s, there was an increasing number of centers performing brain embolization with a heterogeneous mix of techniques and agents.

While this increasing use of embolization was going on, the next major breakthrough 

occurred with the development of the flow-directed Magic catheter in the late 1980s.104 Then, with the availability of 0.010-in. wires, and the addition of hydrophilic coating to the catheter, intranidal catheterization was possible. While many centers were doing PVA particle and coil embolization of AVMs, a few centers that continued to use glue could now do very elegant intranidal glue injections using the flow directed catheters.16

A  landmark  event  was  the  approval  of  Trufill  nBCA(Cordis  Neurovascular, 

Miami  Lakes,  FL)  by  the  FDA  on  September  25,  2000.48  This  opened  up  the  U.S. market for glue availability. In addition, FDA mandated, company sponsored training spread  knowledge  about  techniques  and  improved  consistency  of  results  across  the country.  Glue  embolization  for  AVMs  became  much  more  widespread  and  began  to significantly cut back on the use of particles and coils for this procedure. It seemed possible that glue embolization could be the dominant technique for AVM emboliza-tion until the development of Onyx.105 It was first used in the late 1990s and achieved FDA approval in 2003. Like Trufill glue, Onyx had required physician training which allowed for dissemination of the technical skills required for its use. These two liquid embolics and the structured dissemination of the technical skills for their use has led to a large number of centers using one or both of these agents on a routine basis, with greater success than ever before. When brain AVM embolization began, it seemed a little crazy; now it is a maturing field.
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Complication avoidance 

and management

 

Informed consent prior to the procedure should include a thorough discussion of 

the risk of complications.

 

7.6.1.       Neurological complications

1.  Access-related complications may include perforation or rupture of intracranial 

vascular structures,106 causing subarachnoid, intra-parenchymal or rarely sub-dural bleeding.

2.  A risk of thromboembolic complications from clot formation or errant embolic 

material.

3.  There is a risk of AVM rupture and associated intraparenchymal hemorrhage 

if one occludes draining intracranial venous structures.107 This hemorrhage can occur acutely or in a delayed fashion.

4.  After occlusion of a high-flow fistula or AVM, malignant brain edema may occur.108 5.  Microcatheters  may  be  glued  in  place  and/or  the  catheter  may  break  and 

become an embolus to an intracranial vessel.

6.  Brain abscess has been rarely reported after intracranial embolization. 109 7.  Seizures may occur after any intracranial procedure.

8.  Tumors may swell and even bleed after embolization, producing a precipitous 

decline in neurological condition of the patient.

 

7.6.2.       Nonneurological complications

1.  Coils, glue, 110             111 particles or other embolic agents might embolize to the pulmo-

nary circulation.

2.  Anaphylactoid  reactions  to  iodinated  contrast  or  any  of  the  medications  used 

can occur as with any endovascular procedure.

3.  Similarly, groin hematomas or other groin arterial injury can occur, as in any 

endovascular procedure.

4.  Deep venous thrombosis and pulmonary embolism can occur.

5.  Anesthesia-related complications can occur.

6.  Patients with vascular fragility syndromes like Ehlers Danlos can experience a 

wide variety of complications related to their connective tissue fragility, includ-

ing retroperitoneal hematoma and bowel perforation.70, 112

 

7.6.3.  Complications of brain AVM embolization: 

the big picture

A systematic review of reports of 1,246 patients up to 1995 revealed temporary 

morbidity in 10%, permanent morbidity in 8% and mortality in 1% after AVM emboli-zation.1 More recent studies report 14% neurological complications with 2% persistent disabling  deficit  and  1%  death.113  Another  study  showed  permanent,  nondisabling stroke  in  2.6%  and  permanent  disabling  stroke  or  death  in  1.6%.114  The  Columbia group  showed  that  the  risk  of  complications  are  dependant  on  the  patient’s  age, the  number  of  embolization  procedures  performed,  and  especially  the  absence  of  a pre-existing deficit, but not anatomical characteristics.113 Jayaraman and co-workers showed  that  there  may  also  be  a  weak  association  with  a  basal  ganglia  location.114 Kim and colleagues found that only the number of branches embolized predicted the outcome.115  Ledezma  and  the  group  from  Massachusetts  General  Hospital  showed that bad outcome after embolization was associated by univariate analysis with many morphological  features  including  deep  venous  drainage,  Spetzler-Martin  Grade  III to  V,  and  peri-procedural  bleed,  and  by  multivariate  analysis  with  Spetzler-Martin Grade and peri-procedural bleed.116
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Another important question is: What does embolization do to the annual risk of 

bleeding?  Targeted  embolization  of  higher  risk  features,  like  aneurysms  resulted  in approximately 3.6% annual hemorrhage rate.117 A less specific treatment regimen had patients with a 5.4% annual risk of bleeding and 1% risk of dying after embolization. 56 A lesser degree of occlusion and whether the patient had bled prior to the procedure were  the  main  determinants  of  whether  the  patient  hemorrhaged  in  the  follow-up. Unfortunately,  there  is  no  randomized,  prospective  study  looking  for  the  effect  of embolization on risk of bleeding.

7.6.3.1.      Complications of intracranial tumor 

embolization

1.  Most common reported complications of tumor embolization are fever and local-

ized pain.85

2.  The Accreditation Council on Graduate Medical Education set a threshold total 

complication rate of 5% for head, neck and brain tumor embolization (the term 

“threshold” meant that a review should be prompted if any individual center’s 

complication rate exceeds that level).85

3.  Meningiomas. Most commonly embolization intracranial tumor.

(a)  Overall neurological complication rate: 2.5%.118 (b)  Other potential complications include intratumoral hemorrhage, 89 scalp 

necrosis,119, 120 and retinal embolization.121

4.  Hemangioblastomas.

(a)  Total  complication  rates  with  hemangioma  embolization  in  reported 

series  range  from  5.6  to  12.5%.95,  122,  123  Tumor  hemorrhage  or  swelling are  the  most  common  complications.  A  recent  review  of  reported  cases 

found an overall complication rate of 43% with particle embolization of 

cerebellar hemangioblastomas.124

 

7.6.4.       Discussion of selected complications

 

7.6.4.1.      Vessel perforation

1.  Mechanisms: Perforation with the microwire is the usual cause. Less commonly 

the microcatheter tip or a forceful contrast injection may perforate a vessel. 125

2.  Frequency

(a)  One  wire  perforation  out  of  over  150  vessels  treated  by  an  experienced 

team using flow-directed microcatheters.16

(b)  A large series showed 1.9% perforations in glue embolization cases and 

5.8% in PVA embolization cases.48 This may relate to the greater use of flow-directed microcatheters for glue.

3.  Risk factors

(a)  Use of over-the-wire microcatheters associated with more wire injuries.

(b)  Procedures involving tracking of devices with relatively high resistance 

(e.g., balloons and stents).

4.  Avoidance

(a)  Exercise caution always.

(b)  Always use roadmap guidance for intracranial catheter navigation.

(c)  Take measures to minimize anterograde force on the microcatheter and 

microwire. If there is bucking of the wire, it is meeting resistance, and 

further  pushing  can  cause  problems.  Better  to  pull  back  slightly  then 

rotate the wire to get around the obstacle.

(d)  Use a tight J-tip curve on the wire whenever possible. Keep the wire in 

the largest diameter vessel possible. Avoid entering small branches (e.g. 

lenticulostriates, basilar perforators) unnecessarily.

(e)  Tighten  the  RHV  around  the  microcatheter  when  doing  guide  catheter 

angiograms  (to  prevent  the  contrast  injection  from  carrying  the  micro-

catheter forward).

5.  Management

(a)  Recognition is the first step: An abrupt rise in blood pressure or ICP, or 

a  sudden  slowing  of  the  heart  rate  should  prompt  an  immediate  guide 

catheter angiogram.
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(b) Resist the impulse to pull back on the perforating device! The device may 

occlude or partially occlude the perforation, and withdrawal of the device 

may worsen the perforation.

(c)  Reverse heparin anticoagulation with protamine.

(d)  Sealing the perforation must be done quickly, but preferably occlusion of 

normal vascular territories should be minimized.

(e)  If possible, quickly puncture the contralateral groin and advance a sec-

ond guide catheter into the vessel feeding the perforation. An appropriate 

nondetachable balloon (e.g. Hyperform™) can then be placed proximal to 

the perforation to provide proximal control and slow the bleeding. This 

buys  time  for  the  operator  to  think,  consider  the  options  and  get  the 

perforation sealed in a controlled fashion.

(f)  Occasionally,  the  tear  in  abnormal  vessel  may  extend  into  the  normal 

vessel.  In  this  situation,  coil-occlusion  of  the  parent  vessel  may  be  the 

only way to stop the hemorrhage. Obviously, this is a salvage maneuver 

and the patient’s outcome will depend on the presence or absence of col-

lateral circulation.

(g)  If not already under anesthesia, the patient may need to be intubated to 

protect the airway. This scenario is one reason why it is helpful to have 

all intracranial embolization procedures done under general anesthesia.

(h)  Once the perforation is secured, a ventriculostomy will probably be nec-

essary,  particularly  if  the  patient  remains  hypertensive  (i.e.,  if  there  is 

ongoing evidence of elevated ICP).

(i)  Once the patient is stabilized, obtain a head CT.

(j)  If there is a parenchymal hemorrhage with significant mass effect, emer-

gent craniotomy with evacuation should be considered.

7.6.4.2.      Thromboembolism

1.  Mechanisms:

(a)  Platelet-rich thrombus formation on devices used during the procedure.

(b)  Thrombus formation in the guide catheter or microcatheter due to inad-

equate flushing technique.

(c)  Slowing of flow in the parent vessel caused by vasospasm or occlusion by 

the guide catheter or microcatheter.

(d)  Air emboli.

(e)  Inadvertent  embolization  of  normal  territories  with  embolic  agent  or 

device due to:

● Reflux  of  liquid  or  particulate  emboli  due  to  overly  forceful  injec-

tions.

● Displacement of guide catheter or microcatheter during emboliza-

tion due to catheter instability or redundancy.

● Breaking, stretching, or premature detachment of detachable coils 

or balloons during manipulation.

● Rupture  of  microcatheter  during  injection  of  liquid  or  particulate 

embolic agent.

● Fracture  and  separation  of  catheter  or  wire  segments  during 

manipulation.

● Retained  microcatheter  after  inadvertently  gluing  it  in  a  vessel, 

especially if it breaks at the level of the aortic arch and the proximal 

end of the retained catheter can be pushed cephalad by the flow.

2.  Frequency

(a)  Symptomatic thromboembolism: Approximately 9–10%.15

(b)  NBCA vs. PVA comparative study had 3.8% stroke and 1.9% thromboem-

bolism  for  glue  AVM  embolizations  and  5.8%  stroke  and  1.9%  throm-

boembolism plus 3.8% TIA symptoms in PVA embolizations.48

3.  Avoidance

(a)  Continuous flushing of all catheters with heparinized saline and meticu-

lous attention to keeping all devices clear of bubbles and clot.

(b)  Measures to prevent stasis of flow around the guide catheter

● Adjust  catheter  position  if  guide  catheter-induced  vasospasm 

around the catheter is flow-limiting.

(c)  Systemic anticoagulation with heparin. Although most operators under-

take routine anticoagulation with IV heparin during embolization, pro-

spective data to support its use are lacking.
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(d)  Prophylactic  antiplatelet  agents.  Thiese  are  mainly  used  when  there  is 

contemplation of using a stent.

(e)  Remove slack in guide catheter and microcatheter prior to embolizing.

(f)  Remove any wire or catheter or embolic device immediately if there is a 

suspicion that it is damaged.

4.  Management

(a)  Recognition is again the first step: Guide catheter angiograms should be 

done frequently to monitor for evidence of thrombosis, such as a filling-

defect within the parent vessel adjacent to the aneurysm neck, or vessel 

drop-out.

(b)  Routinely  using  neurophysiological  monitoring  (i.e.  SSEPs)  may  detect 

early signs of a problem.

(c)  Ensure  that  the  patient  is  well  hydrated  and  consider  pharmacologi-

cally augmenting blood pressure to maximize the collateral flow to the 

impaired territory.

(d)  Most thrombotic material that appears during embolization is likely to 

be platelet-rich; therefore, anti-platelet therapy is the first approach.

●                          −1 Abciximab  0.25 mg  kg  IV  rapid  bolus  followed  by  125 mcg 

kg−1 min−1 infusion (to a maximum of 10 mg min−1) for 12 h.

– Caution:  Partial  dosing  of  Abciximab  should  be  avoided, 

unless  point  of  care  testing  confirms  adequate  receptor 

blockade 126 .  The  authors  recommend  the  use  of  a  full  load-ing  dose  followed  by  IV  infusion  for  12 h,  unless  the  threat 

of  hemorrhagic  complications  is  prohibitive.  The  authors 

have  personally  witnessed  paradoxical  drug-induced  plate-

let  activation  effect  with  lower  levels  of  platelet  inhibition 

with abciximab, and a corresponding increase in thrombotic 

complications.

–  A 2-mm diameter Amplatz Goose Neck microsnare (Microvena, 

White Bear Lake, MN), Merci Retriever ® (Concentric Medical, Mountain View, CA), or Alligator™ Retrieval Device (Chestnut Medical  Technologies,  Menlo  Park,  CA)  may  be  used  to 

remove clot, fractured wires or catheters or embolic devices.

–  Occasionally a balloon or stent can be used to restore flow in 

a vessel.

–  At  each  step,  one  should  evaluate  the  potential  risks  and 

benefits  and  be  prepared  to  accept  a  small  stroke  to  avoid 

potentially  worse  consequences  from  unrestrained  attempts 

to open a vessel at all costs.

–  In  very  select  cases  and  only  where  there  is  an  experienced 

cerebrovascular  surgeon  open  craniotomy  and  embolectomy 

may be considered to restore flow.

(e)  Thrombolytic  agents  are  associated  with  a  risk  of  significant  hemor-

rhage, particularly when used on patients that have recently bled. They 

should be used sparingly, if at all.

7.6.4.3.      AVM rupture

1.  Mechanism

(a)  A generally accepted cause of AVM bleeding after AVM embolization is 

embolic agents passing into the venous outlets of the AVM and producing 

stenosis or occlusion.107

(b)  Other have speculated that partial embolization redirects the flow into 

areas unaccustomed to the higher flow.

(c)  Associated aneurysms may rupture after the change in flow.

2.  Frequency

(a)  Reports of death or disability after embolization run from 3 to 11%.113–116 (b)  Approximately 1.6% of hemorrhages occurred in a large series.114 (c)  A  German  group  reported  that  10.6%  of  66  patients  embolized  bled.127

Greater than 60% occlusion of AVM nidus was associated with 18 times 

higher risk of bleeding.127

3.  Avoidance

(a)  During embolization, avoid getting embolic agents in the veins. Consider 

a faster-polymerizing glue, or place a proximal coil to reduce the flow.

(b)  Be sure to treat associated aneurysms, wherever possible.
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(a)  First step: Prompt recognition is essential, as always. Look for a sudden 

headache, sudden increase in blood pressure or ICP, and worsening neu-

rological status.

(b)  If not intubated already, consider intubation to protect airway and allow 

for mechanical hyperventilation.

(c)  Emergent CT.

(d)  If necessary, ventriculostomy.

(e)  If  intracranial  pressure  high  from  a  parenchymal  hematoma,  lower 

it  with  hyperventilation  and  pharmacological  means  (e.g.  mannitol, 

hypertonic saline, propofol, etc.) but also be prepared for urgent surgical 

evacuation of hematoma.128

(f)  Craniotomy and evacuation of the clot, if necessary.

7.6.4.4.  Postembolization edema or hemorrhage (aka 

normal perfusion breakthrough syndrome)

1.  After treatment of an AVM or high flow AVF, in which there is abrupt closure 


of a high flow AV shunt, edema and intracerebral bleeding can occur.

2.  May be a special case of AVM rupture post procedure, may be seen when entire 

AVM  has  been  excised  or  occluded,  and  edema  may  occur  without  bleeding. 

This  is  why  it  is  often  considered  a  separate  entity  from  just  ordinary  AVM 

rupture.

3.  Mechanism

(a)  Considered to be caused by sudden occlusion of a long-standing AV shunt, 

exposing vessels with disturbed autoregulation to increased flow.108

(b)  Venous thrombosis or occlusion may play a role as well

(c)  Residual AVM nidus may also explain some cases.

4.  Frequency

(a)  Uncommon

(b)  AVF series: 5 out of 185 cases of carotid and vertebral fistulae treated, 

tended  to  be  patients  with  longstanding  fistula  that  had  progressive 

symptoms of arterial steal from the fistula prior to treatment.129

(c)  Three examples out of 66 AVM patients treated surgically.130

5.  Avoidance

(a)  Consider studying patients suffering steal symptoms pretreatment with 

blood flow imaging to assess autoregulation.

(b)  Consider  staging  multi-feeder  lesions  to  give  the  brain  a  chance  to 

recover between sessions.131, 132

(c)  Monitor and manage blood pressure during and after treatment.55

(d)  Avoid venous occlusion or leaving residual shunt.

(e)  Worst case scenario is occluding venous outlet and leaving some residual 

shunt

6.  Management

(a)  Strict blood pressure control during and after treatment.

(b)  Consider keeping patent moderately hypotensive.

(c)  Monitor intracranial pressure with a ventriculostomy and treat intracra-

nial hypertension aggressively.

(d)  One  center  reported  success  using  indomethacin  for  normal  perfusion 

breakthrough syndrome.133

(e)  Consider surgical decompression including decompressive craniectomy if 

unresponsive to medical management.

7.6.4.5.      Vessel dissection

1.  Mechanism: Wire or guide catheter-induced injury to vessel.

2.  Frequency

(a)  1.9% of cases48

(b)  Vertebral artery dissections seem to be more common than carotid dis-

sections.

(c)  This complication is probably under-reported, as many operators do not 

do routine surveillance angiograms of the access vessel (i.e., the cervical 

carotid or vertebral artery) at the completion of the case, and therefore 

do not identify asymptomatic dissections.
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3.  Avoidance

a.  Take  steps  to  minimize  intimal  trauma  (see Guide  catheter  placement 

technique above).

4.  Management

(a)  Always do a guide catheter angiogram of the access vessel at the end of 

the case.

(b)  Antiplatelet  therapy  is  usually  sufficient;  aspirin  325 mg  suppository 

during or after the procedure, then PO daily. Add a second antiplatelet 

agent if possible (e.g., clopidogrel 75-mg PO daily).

(c)  Consider  anticoagulation  with  IV  heparin,  in  addition  to  antiplatelet 

therapy, if the dissection is flow-limiting and carries a risk of thrombosis.

(d)  Consider  placing  a  stent  across  the  lesion  if  it  becomes  necessary  to 

continue to work in the affected vessel, or if further access through that 

vessel is anticipated.

(e)  Follow-up  imaging  should  be  done  in  3–6  months.  Most  dissections 

treated with antiplatelet therapy will heal within 3–6 months.

7.6.4.6      Retained microcatheter 

(aka glued microcatheter)

1.  If the glue bolus polymerizes around the tip of the microcatheter, it can be glued 

into the vessel. This is a well-known complication of n-BCA glue embolization, 

but  it  can  also  occur  with  Onyx.  Pulling  back  on  the  microcatheter  will  some-

times cause it to break free of the glue, but if it is solidly glued in, then pulling 

the microcatheter just pulls on the intracranial vessels, so it may be best to leave 

it in place and permanently implant it. Blood flow tends to tug on the catheter 

extending down the descending aorta, keeping the catheter taut along the side of 

the vessel and can become endothelialized.134 If, during attempted withdrawal, the microcatheter breaks above the level of the aortic arch, blood flow can carry 

the  smaller  fragment  up  into  the  intracranial  vessels  and  potentially  cause 

problems.135 Catheters that remain intact are generally implanted with the cut proximal end in the femoral artery. Sporadic reports appear chronicling stories 

of delayed local complications in the leg or groin. 134, 136, 137

2.  Mechanism

(a)  Usually  related  to  technique  –  glue  mixture  too  concentrated,  injected 

too quickly, reflux of agent around catheter tip not recognized, not pulled 

quickly enough.

(b)  Similarly, Onyx injected too quickly and allowed to reflux too much for 

too long may result in a stuck microcatheter.

3.  Frequency

(a)  7.4% of 54 patients treated with glue in the NBCA vs. PVA trial. 48 (b)  None of the microcatheters used for PVA got stuck.

(c)  8.5% of 47 cases treated with Onyx had retained microcatheters.138

4.  Avoidance

(a) Avoid reflux around microcatheter.

(b)  Have a good working view showing microcatheter tip during injection of 

liquid embolic.

(c)  Remove slack in system before injecting glue.

(d)  Pull microcatheter quickly as soon as the glue begins to approach cath-

eter tip.

(e)  Avoid allowing Onyx to reflux more than 1.0 cm along microcatheter or 

to stay in contact more than a few minutes.

(f)  When withdrawing the microcatheter, also pull the guide catheter.

5.  Management

(a)  Usually the microcatheter is put under tension and the cut at the groin 

to permanently implant it.

(b)  Consider surgical extraction acutely, if a compromise on the flow occurs.

(c)  Surgical removal after a day or so is problematic because the catheter gets 

stuck along the vessel by fibrin, and later can become endothelialized.

(d)  A microcatheter that breaks at or above the level of the aortic arch has 

risk  of  becoming  an  embolus  to  the  intracranial  circulation.  This  could 

be  grasped  with  a  microsnare,  and  pulled  taut  and  the  end  pulled  up 

into an external carotid branch and secured in place with a balloon, coil, 

or  glue  with  a  second  microcatheter  (Obviously,  be  careful  not  to  glue 

the snare or second microcatheter in place.) An easier alternative is to 
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secure the microcatheter along the periphery of the vessel by deploying 

a self-expanding stent in the parent artery. This would require at least a 

few months of clopidogril therapy.

(e)  Most would put patients on aspirin after any permanent microcatheter 

implantation, although the benefit of that is unproven in this setting.

(f)  Delayed complications from the implanted catheter such as vessel throm-

bosis or pseudoaneurysm may require surgical repair.

7.6.4.7.      Prevention of guide catheter-induced 

vasospasm

1.  An ounce of prevention is worth a pound of cure: Be gentle. 2.  Withdraw  the  catheter  into  a  lower  segment  of  the  vessel  when  significant 

catheter-induced vasospasm appears.

3.  Keep the catheter tip away from kinks and bends in the vessel if possible.

(a)  A  curvaceous  carotid  or  proximal  vertebral  artery  can  sometimes  be 

straightened by tilting the patient’s head toward the opposite shoulder.

4.  Use a smaller guide catheter.

5.  Use a soft-tipped guide catheter (e.g., Guider Softip™ XF guide catheter (Boston 

Scientific, Natick, MA) ).

6.  Use Visipaque™ (GE Healthcare, Princeton, NJ) contrast instead of Omnipaque; 

according to the manufacturer, this contrast material is less spasmogenic than 

Omnipaque®.

7.  Use  a  guide  catheter  with  an  inner  obturator  (e.g.,  Northstar®  Lumax®  Flex 

Catheter (Cook Inc., Bloomington, IN) )

8.  Nitroglycerin paste on the patient’s neck ipsilateral to the access vessel

(a)  Dose: 1–5 in.

(b)  Efficacy is unclear

(c)  Drawback: Can cause hypotension and a headache in awake patients. In 

patients under general anesthesia, the dose (i.e., the number of inches) of 

paste is adjusted to maintain the blood pressure within normal limits.

9.  Selective injection of IA nitroglycerin (30 mcg per injection).

(a)  This can help distinguish vasospasm from vessel dissection, if a dissec-

tion is suspected
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8.1.        Introduction

 

Extracranial embolization procedures are therapeutic endovascular occlusions of 

vessels involved in vascular lesions outside the cranial cavity. Technically, this could involve everything in the known universe other than the brain, but, for the most part, this is used to denote head and neck embolizations in the external carotid territory. Beyond  that,  one  can  also  arbitrarily  include  spinal  vascular  embolizations.  This chapter  covers  a  number  of  common  trans-arterial  embolization  procedures  in  the extracranial  circulation,  and  a  few  in  the  spine.  Another  blatantly  arbitrary  edito-rial decision is to include in this chapter percutaneous needle puncture and injection of acrylic glue or ethanol in various lesions, even though it is technically not a true endovascular procedure.

This chapter is divided into four major parts: First a brief discussion of indica-

tions and contraindications, then general techniques and devices for vascular access and  embolization,  followed  by  procedural  issues  specific  to  particular  disease  proc-esses, and ending with a brief discussion of the complications. Each section discusses the  topic  from  a  standpoint  of  both  head  and  neck  procedures  as  well  as  spinal procedures.

 

8.2.  Extracranial embolization: Indications 

and contraindications

 

There  are  many,  many  conditions  in  the  head,  neck  and  spine  with  abnormal 

vascularity that may benefit from an embolization procedure. These are some of the usual  indications  for  endovascular  treatment  in  the  extracranial  circulation,  with some statement as to how often the average practitioner may expect to encounter the condition.

 

8.2.1.  Indications: Head and neck embolization

1.  Extracranial arteriovenous malformation (AVM) (uncommon)

(a)  Superficial AVM

(b)  Intraosseous AVM

(c)  Diffuse AVM

(d)  Intraorbital AVM

2.  Superficial  venous  and  lymphatic  malformation  (treated  by  direct  puncture-

sclerotherapy)

3.  Extracranial arteriovenous fistula (AVF)

(a)  Congenital fistula (Very rare)

(b)  Dural AVFs (Covered in Chap. 7, Intracranial Embolization and Chap. 12, 

Venous Procedures)

(c)  Post-traumatic fistulae (occasionally)

(d)  Post-surgical fistulae (occasionally)

4.  Bleeding

(a)  Idiopathic epistaxis (exceedingly common)

(b)  Post-traumatic (common)

(c)  Post surgical (occasionally)

(d)  Bleeding tumors (occasionally)

(e)  Post-radiation changes (occasionally)

(f)  Carotid blow-out syndrome (a particular combination of (c)–(e), above)
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5.  Extracranial vascular tumors, pre-operative embolization (common) or pallia-

tive embolization (rare)

(a)  Juvenile nasopharyngeal angiofibroma

(b)  Paraganglioma (aka chemodectoma, glomus tumor)

(c)  A wide variety of other primary and metastatic vascular tumors.

 

8.2.2.       Indications: Spinal embolization

1.  Type I spinal dural arteriovenous fistula (dAVF) (not common, but not rare)

(a)  Preoperative embolization

(b)  Definitive embolization

2.  Type II spinal intramedullary AVM (rare)

(a)  Preoperative embolization

(b)  Palliative embolization for symptom reduction

(c)  Focused  embolization  of  features  at  risk  for  bleeding  (e.g.,  intranidal 

aneurysms)

3.  Type III juvenile AVM (very rare)

(a)  Palliative embolization for symptom reduction

4.  Type IV perimedullary AVF (very rare)

(a)  Definitive embolization

(b)  Pre-operative embolization

5.  Spinal vascular tumors:Pre-operative embolization

(a)  Hemangioblastoma (rare)

(b)  Primary bone lesions (e.g., aneurysmal bone cyst) (uncommon)

(c)  Vascular metastatic tumors (e.g., renal cell cancer, thyroid cancer) (very 

common)

 

8.2.3.       Relative contraindications

1.  Feeding vessels feed eloquent structures (e.g., brain, eye, spinal cord)

2.  Vascular  anatomy  that  is  difficult  for  endovascular  access  (e.g.,  exaggerated 

vessel tortuosity, vascular anomalies).

3.  Significant atherosclerotic disease or high-flow vasculopathy affecting the par-

ent vessel (e.g., occlusion or stenosis of the access vessel).

4.  Life-threatening contrast allergy.

5.  Coagulation disorders or heparin hypersensitivity.

6.  Active bacterial infection (i.e., bacteremia at time of endovascular treatment).

 

8.3.        Extracranial vascular access and 

embolization: Techniques and devices

 

8.3.1.       Evaluation

1.  History and physical.

2.  Neurological exam.

3.  Blood work (CBC, BUN, Creatinine, PT, PTT)

4.  Imaging

(a)  CT or MRI of the lesion

(b)  CTA or MRA

(c)  If possible, a catheter angiogram.

(d)  Imaging considerations

●   Lesion  location,  potential  territories  at  risk  from  the  procedure, 

size and configuration.

●      Whether there is involvement of the skull or spine. ●   Flow patterns (e.g., high flow vs. low flow arteriovenous shunt).

●      Parent vessel anatomy.
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●   Angiographic  architecture  of  lesion  (e.g.,  nidal  AVM  vs.  high-flow 

AVF vs. mixed lesion vs. tumor)

●   Presence  of  associated  vascular  lesion  (e.g.,  aneurysms,  multiple 

AVMs or AVFs).

●      Plan site of intended deposition of embolic material. ●      Access vessel anatomy. ●      Presence or absence of stenosis in the access vessel.

 

8.3.2.       Treatment strategy

Prior  to  the  case,  preferably  the  previous  day  or  earlier,  the  patient  should  be 

assessed and all the available imaging reviewed in preparation for the case. Decisions about  the  overall  treatment  strategy  and  the  role  of  embolization  in  that  strategy should be made well ahead of time. Plans should include:

1.  Choice of access vessel

2.  Guide catheter selection

3.  Microcatheter and micro-wire selection

4.  Embolic agent to be used

5.  Target vessels to be treated

6.  Staged multiple procedure vs. single embolization

7.  Preparation  for  methods  to  ensure  preservation  of  neurological  function  (e.g., 

provocative testing, neuophysiological monitoring)

 

8.3.3.       Preprocedure preparation

1.  Place a peripheral IV.

2.  NPO for 6 h, except for medications.

3.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

4.  Place Foley catheter.

5.  Place thigh-high sequential compression device (SCD) sleeves on both legs for 

deep vein thrombosis prophylaxis.

6.  Make sure that all devices that may be needed are available in the angio suite 

prior to the procedure.

7.  Many practitioners routinely pre-treat patients with dexamethasone, 2 mg PO/

IV  Q  6 h  for  2–3  days  before  any  tumor  embolization  procedure  to  attempt  to 

reduce the risk of swelling.

8. Patients with recent active hemorrhage:

(a)  Arterial line and large-caliber venous access are established prior to the 

procedure

(b)  If airway is threatened, the patient should be intubated and ventilated.

 

8.4.        Endovascular technique

 

The  technique  of  extracranial  embolization  treatment  varies  considerably  from 

case to case. The following is a general outline of the procedures and devices used by the  authors  of  this  handbook  for  most  patients.  The  case  is  divided  into  a  vascular access  phase,  a  microcatheter access  phase,  and  an embolization  phase.  Each  phase requires  choosing  a  system  of  devices  and  techniques  to  achieve  the  therapeutic goals

 

8.4.1.       Awake or asleep?

Some operators prefer to use general anesthesia for embolization cases whereas 

others  prefer  to  do  them  with  the  patient  awake.  Each  approach  has  advantages. Use  of  glue  or  ethanol  can  cause  considerable  pain  due  to  the  toxic  nature  of  these agents, and the pain makes it difficult for even sedated patients to remain motionless. General anesthesia can eliminate this discomfort and allows the operator to focus on 

 

EXTRACRANIAL EMBOLIZATION                                                       8.4. Endovascular technique                 261 the  procedure  rather  than  on  coaching  and  assessing  the  patient.  It  can  make  the procedure  much  more  palatable  for  anxious  patients.  Another  advantage  of  general anesthesia is that it allows for patient immobility including prolonged interruption of respiration while imaging tiny spinal vessels. The limited ability to monitor the neu-rological status of the patient during general anesthesia may be partially mitigated by  the  use  of  neurophysiological  monitoring,  such  as  somatosensory  and/or  motor evoked potentials.1 Neurophysiological monitoring adds to the cost and complexity of the procedure, and may not be readily available or reliable, depending on the institu-tion.  However,  the  authors  of  this  handbook  find  monitoring  very  useful  for  spinal embolization, and use it for virtually all embolization of intramedullary lesions, even in awake patients. Less complicated bone or paraspinal soft tissue tumor embolization can be easily done under local anesthesia with minimal sedation, and adequate image quality is possible in cooperative patients.

Embolization  with  the  patient  awake  permits  continuous  neurological  monitor-

ing,  eliminates  the  risks  of  general  anesthesia,  can  shorten  the  length  of  the  case, and  is  done  in  many  centers.  The  authors  of  this  handbook  prefer  to  do  most  cases of  extracranial  embolization  other  than  intramedullary  spinal  embolization  awake with  conscious  sedation,  to  allow  for  provocative  testing.  Vascular  navigation  in  the extracranial circulation is also much less challenging than in intracranial emboliza-tion procedures, so it is less critical that the patient remains motionless.

8.4.1.1.      Awake

1.  Patient is placed on the angiography table awake.

2.  An abbreviated neurological exam is rehearsed with the patient prior to drap-

ing  (e.g.,  patient  is  asked  to  say  “methodist  episcopal,”  show  their  teeth  and 

gums, stick out their tongue, wiggle their toes, and wiggle their hands).

3.  Throughout  the  case  the  patient  is  reminded  to  stay  still.  The  patient’s  head 

can  be  lightly  taped  to  the  headholder  with  a  piece  of  plastic  tape  across  the 

forehead to remind him or her to stay still.

4.  Sedation  and  analgesia  may  be  increased  during  the  access  phase,  but  are 

kept to a minimum if provocative testing is done to facilitate the patient’s full 

cooperation.

8.4.1.2.      Asleep

1.  Patient is placed under general anesthesia on the angiography table.

2.  Most of these cases are done under anesthesia for pain control, so strict control 

of  blood  pressure  is  not  critical.  Therefore,  an  arterial  monitoring  line  is  not 

usually needed.

3.  If using neurophysiological monitoring, baseline evoked potentials are obtained 

prior  to  any  intervention.  Depending  on  the  anatomic  location  of  the  lesion, 

either  somatosensory,  motor,  visual  or  auditory  evoked  potentials  may  be 

the most sensitive for monitoring functional status during the procedure. The 

authors  of  this  handbook  routinely  use  monitoring  for  procedures  involving 

the spinal cord.

 

8.4.2.       Vascular access phase

For extracranial embolization procedures, this phase involves accessing the arte-

rial  system  and  placing  a  guide  catheter  in  a  position  proximal  to  the  lesion  being treated.

1.  The  vast  majority  of  cases  are  done  using  femoral  arterial  access  and  only 

rarely  brachial,  radial,  or  very  rarely  direct  puncture  of  the  vessel  of  interest 

may be necessary.

2.  Dorsalis pedis and posterior tibialis pulses are assessed and marked.

3.  The right or left groin is prepped, draped, and infiltrated with local anesthe-

sia.

4.  A 5-French sheath is placed in the femoral artery for most cases.

(a)  A 6-, or rarely, 7-French sheath should be used if the need for proximal 

balloon catheters is anticipated.

(b)  Much larger sheaths may be needed if a stent-graft will be used.
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(c)  Sheaths  are  available  in  various  lengths,  most  commonly  10  or  25 cm. 

The 25-cm version has the advantage that it bypasses any tortuosity in 

the iliac arteries. Having the distal end of the sheath in the aorta pre-

vents any danger of injuring the iliac artery during catheter introduction 

through the sheath.

(d)  Ninety centimeter sheaths such as the Shuttle® (Cook Inc., Bloomington, 

IN) can reach the carotid or subclavian and can be used as a large-lumen 

guiding  catheter  or  added  stabilization  for  a  standard  guiding  catheter 

(see below).

5.  An  angiogram  is  done  using  a  diagnostic  catheter.  Angiograms  of  the  access 

vessel (carotid or subclavian artery) and PA and lateral views of the circulation 

in and around theregion of the lesion are done prior to the intervention.

(a)  Examination  of  the  carotid  or  subclavian  artery  is  necessary  for  guide 

catheter  selection,  and  to  check  for  the  presence  of  atherosclerosis  and 

fibromuscular dysplasia.

(b)  Intracranial imaging at the beginning of the case should be done if work-

ing  in  the  carotid  or  vertebral  for  comparison  later,  to  assess  for  later 

arterial  thromboembolic  complications  or  potential  collateral  supply  to 

the lesion.

6.  Systemic anticoagulation.

Thromboembolic complications can occur during any vascular catheterization. 

The  senior  author  of  this  handbook  favors  universal  use  of  systemic  heparin 

for  all  embolization  procedures  whereas  the  junior  author  almost  never  uses 

heparin. Systemic anticoagulation with IV heparin appears to carry relatively 

little  risk  in  patients  without  active  bleeding,  and  judicious  use  of  heparin 

appears  to  be  of  relatively  low-risk  particularly  since  the  drug  can  be  rapidly 

reversed with protamine.

(a)  Dosing for heparin

●      A  loading  dose  of  IV  heparin  is  given  (70 U  kg )  and  5 min  later, −1

a 1–3 ml specimen of blood for an activated clotting time (ACT) is 

drawn from the sheath. The guide catheter is placed in the feeding 

vessel only after the heparinization is therapeutic (usually 5 min or 

more after the IV loading dose is given, or after the ACT has been 

found to be in the target range). The ACT should be kept between 

250  and  300 s  for  the  duration  of  the  procedure.  Additional  doses 

of  heparin  are  necessary  only  during  cases  that  last  longer  than 

several hours.

(b)  Protamine on stand-by

●   A  syringe  containing  protamine,  enough  to  reverse  the  total 

amount  of  heparin  the  patient  has  received,  should  be  constantly 

available in the endovascular suite for easy access to the operator, 

should hemorrhage occur during the case.

–  Dose  of  protamine  required  to  reverse  heparin:  10 mg  pro-

tamine per 1,000 U heparin.

(c)  Other antithrombotic agents

●   Antiplatelet agents. The authors do not recommend routine use of 

antiplatelet medications for most extracranial embolizations.

●   Other designer antithrombotics can be used in patients with heparin 

contra-indications but for most extracranial embolization, it may be 

simpler and equally safe to avoid using heparin altogether.

7.  Guidewire selection for vascular access

●   Most  commonly,  0.038  J-tip  wires  (“Safety  wires”)  are  used  for  sheath 

placement.

●   ®  Steerable hydrophilic wires such as 0.035 or 0.038 in. angled Glidewire

(Terumo Medical, Somerset, NJ) can be used to advance a guiding cath-

eter into the desired carotid or vertebral.

●   Exchange-length ( at least 270-cm long) wires may be needed to exchange 

a  curved  diagnostic  catheter  for  a  straight  guide  catheter.  The  authors 

frequently  use  the  0.035-in.  diameter,  300-cm  long  Storq®  wire  (Cordis Endovascular, Miami Lakes, FL).

8.  Guide catheter selection.

Guide  catheters  are  helpful  to  achieve  successful  performance  of  any  emboli-

zation  procedure,  since  they  provide  a  stable  platform  to  send  soft,  flexible 

microcatheters into the smaller distal vessels.

(a)  Each guide catheter has its advantages and disadvantages and the best 

catheter may vary, depending on the situation. These are the usual cath-

eters used for extracranial embolization.
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●                  ® Envoy (Cordis Neurovascular, Miami Lakes, FL)

– Advantages.  Relatively  rigid,  provides  a  good  platform  in 

tortuous vessels, larger internal lumen than most other guide 

catheters. Non-hydrophilic coating may be more stable in the 

vessel.

– Disadvantages. Stiff, and traumatic to the vessel wall. May be 

more thrombogenic than hydrophilic coated catheters.2

●                               ™ Guider Softip XF guide catheter (Boston Scientific, Natick, MA)

– Advantages.  Soft,  atraumatic  tip.  Minimizes  risk  of  vasos-

pasm and dissection in narrow, tortuous vessels.

– Disadvantages. Relatively flimsy and slippery with hydrophilic 

coating,  prone  to  fall  into  the  arch  when  the  vasculature  is 

tortuous.

●                    ® Shuttle (Cook Medical, Bloomington, IN)

–  Advantages:  A  90-cm  sheath  that  can  access  the  carotid  or 

vertebral.  Very  large  internal  lumen.  Inner  dilator  gives 

smooth  transition  to  a  0.038-in.  wire  for  smooth  advance-

ment. Various 105-cm long curved inner catheters are avail-

able to facilitate selection of vessels from the aortic arch. Very 

rigid and very stable. Can use an inner 100 cm or longer guide 

catheter to create an even stiffer “Tower of Power.”

–  Disadvantages: Big, stiff sheath can be traumatic to the ves-

sel. Not easily used in tortuous vessels. Care must be taken 

to keep large internal lumen flushes with heparinized saline 

because large amounts of blood collecting in lumen can create 

very large thrombi.

(b)  Guide catheter size

●   Length:  Should  be  enough  to  access  the  vessel  of  choice  with  lit-

tle  excess  hanging  out  of  the  groin  sheath.  This  maximizes  the 

distance  the  microcatheter  can  be  advanced  in  the  intracranial 

vessels. For the average sized patient, a 90 cm length works well to 

access the internal carotid or vertebral.

●   Diameter:  5-French  outer  diameter  for  most  cases  allows  enough 

support and adequate internal diameter to place the microcatheter 

and have sufficient clearance to flush and inject contrast.

●   High-support 6 or 7 French if the need for added support is antici-

pated.

●   Diagnostic  5  or  even  4-French  catheters  can  be  used  as  a  guide 

catheter  in  children  or  smaller  adults.  A  catheter  that  accepts  at 

least a 0.038-in. wire will accommodate a microcatheter, although 

it is less stable than a dedicated guide catheter.

●   The  authors  particularly  like  the  4-French  Berenstein  II  (Cordis 

Endovascular,  Miami  Lakes,  FL)  for  external  carotid  territory 

embolizations because it can easily be placed in the distal external 

carotid or even super-selectively in individual branches with little 

trauma  to  the  vessels.  This  distal  positioning  provides  a  stable 

platform in spite of the small outer diameter of the catheter. It acts 

like a mini-Envoy®.

(c)  Straight or angled?

●   Straight  guide  catheter  is  useful  in  relatively  straight  vessels,  or 

in  situations  where  the  guide  catheter  will  be  gently  navigated 

through a convoluted vessel over a wire or co-axially over a micro-

catheter.

–  Usually requires exchanging (see below).

–  Preferred for the smaller vessels.

–  Preferred for glue embolization since an angle can cause the 

tip of the guide catheter to indent the microcatheter, and can 

squeeze  (“milk”)  glue  out  of  the  microcatheter  if  it  is  pulled 

back through the guide catheter.

●   The Angled guide catheter is useful when the final position of the 

catheter tip is in a vessel curve

–  Angled  catheters  are  much  easier  to  navigate  through  the 

aortic arch than straight catheters.

(d)  Spinal  guide  catheters:  catheters  used  for  embolization  in  intercostal 

or  lumbar  arteries.  The  guide  catheters  needed  for  spinal  emboliza-

tions  have  two  special  characteristics:  First,  they  have  complex  curves 

that  allow  the  catheter  to  have  relatively  stable  positioning  in  the 

 

264                  8.4. Endovascular technique                                                                  EXTRACRANIAL EMBOLIZATION

 transversely-oriented  spinal  branches,  and  second,  they  are  relatively 

short catheters (60–80 cm long) since that is all that is needed to access 

these vessels.

●   Standard  spinal  angiographic  catheters  like  5-French  Mikaelson 

and  Simmons  (Merit  Medical,  South  Jordan,  UT)  are  complex-

curved  catheters  which  can  readily  engage  side-branches  of  the 

aorta.

– Advantages:  Reverse  curve  provides  stability  in  transverse 

branches of the aorta. Non-hydrophilic coating may be more 

stable in the vessel.

– Disadvantages:  Catheters  are  somewhat  soft  and  may  back 

out and disengage from vessel as a microcatheter is coaxially 

advanced through it. Microcatheters fit tightly in these cath-

eters, so cannot usually inject contrast through the catheter 

while microcatheter is in place.

●                                                        ®                                                               3 4-French  angled  Glidecath  (Terumo  Medical,  Somerset,  NJ)  or 

4-French  Berenstein  II  (Cordis  Endovascular,  Miami  Lakes,  FL)4 can  be  advanced  distally  into  the  intercostal  or  lumbar  arteries. 

Most  commonly  a  standard  spinal  angiographic  catheter  first 

engages the desired vessel and is exchanged for the 4-French cath-

eter using an exchange wire.4

– Advantages:  Soft,  atraumatic  tip.  Minimizes  risk  of  vasos-

pasm  and  dissection  in  narrow,  tortuous  vessels.  If  placed 

distally in the segmental vessel, it is a fairly stable platform 

for the advancement of a 10-system microcatheter.

– Disadvantages:  Relatively  flimsy  and  prone  to  become  dis-

placed, especially when the vasculature is tortuous. Requires 

the  use  of  an  exchange  wire  to  access  the  lumbar  or  inter-

costal  artery.  Larger  caliber  microcatheters  may  not  easily 

pass through these catheters. Even small microcatheters are 

a tight fit and it is not possible to inject contrast around the 

microcatheter.

●      6 or 7 French coronary guide catheters like the Runway (Boston ™

Scientific,  Natick,  MA)  can  be  obtained  with  various  curves  such 

as the Amplatz left or allRight™ curve that can engage segmental spinal vessels.

– Advantages:  Very  stable  platform.  Gigantic  internal  lumen. 

Will accept various devices and microcatheters with room to 

spare for contrast injections.

– Disadvantages:  Big,  stiff  catheters  can  be  traumatic  to  the 

vessel and not easily used in tortuous vessels. May not engage 

vessels  that  arise  at  a  sharp  angle  from  the  aorta.  Often 

require  the  use  of  an  exchange  wire  to  access  the  vessel  of 

interest.

●   Standard 5- or 6-French neuro guide catheters such as the Envoy

®

(Cordis  Neurovascular,  Miami  Lakes,  FL)  or  Guider  Softip ™  XF (Boston  Scientific,  Natick,  MA)  work  well  if  spinal  vessels  in  the 

cervical or upper thoracic region are to be accessed through subcla-

vian artery branches.

9.  Catheter flushing technique was discussed in Chap. 2. Although some practi-

tioners advocate double flushing of catheters only in the supra-aortic vessels, it 

makes more sense to use meticulous flushing technique anywhere in the vas-

cular system. This ensures that one will not forget to use good technique when 

it is most needed. Moreover, thrombus or air emboli in spinal cord vessels can 

be just as devastating as cerebral ischemia.

10.  Guide catheter placement technique: Head and neck region

(a)  Direct navigation method

●   Useful  in  young  patients  with  non-tortuous,  non-atherosclerotic 

vessels

●      The catheter is flushed with heparinized saline ●   If  a  long  dilator  is  available  for  the  guide  catheter  (as  with  the 

Shuttle™ or Northstar ™ Cook Medical, Bloomington, IN), the dila-tor is inserted into the guide catheter and flushed

●   A  rotating  hemostatic  valve  with  a  continuous  saline  infusion  is 

attached to the hub

●   Advance a wire to the very tip of the guide catheter to stiffen it and 

allow passage through the valve in the hub of the sheath
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●   Sometimes,  in  younger  patients,  even  a  straight  guide  catheter 

can  be  manipulated  into  the  vessel  of  choice  using  a  curved, 

steerable wire such as the 0.038-in. Glidewire® (Terumo Medical, Somerset, NJ)

●   An angled guide catheter can usually be gently navigated directly 

into  the  carotid  or  subclavian  artery  over  a  0.035-  or  0.038-in. 

hydrophilic wire

(b)  Exchange method

●   Useful  in  patients  with  tortuous  anatomy,  atherosclerosis,  or 

fibromuscular  dysplasia.  This  technique  can  minimize  the  risk  of 

injury to the carotid or subclavian artery, particularly at the vessel 

origin.

●   A  5-French  diagnostic  catheter  is  guided  into  the  vessel  of  choice 

over an exchange-length (270–300 cm) wire.

●   The tip of the wire is advanced into a distal branch of the ECA or 

into the distal subclavian artery using roadmapping technique.

●   The diagnostic catheter is then gently removed while the tip of the 

exchange wire is continuously visualized on fluoroscopy.

●      The wire is wiped down with a dripping-wet Telfa sponge. ●   The  guide  catheter  is  advanced  over  the  wire  while  continuously 

visualizing the tip of the wire.

(c)  Guide catheter positioning

●   Carotid system. Using roadmapping, the guide catheter is advanced 

over a hydrophilic wire into the ECA into a straight segment proxi-

mal to the origin of the branch feeding the lesion. A “high position” 

of the guide catheter will maximize the stability of the guide and 

improves  control  over  the  microcatheter  and  microwire.  In  cases 

supplied by proximal branches of the ECA like the ascending pha-

ryngeal, it may be necessary to position the tip of the guide cath-

eter in the distal segment of the common carotid. In an ECA with 

a significant curve in the vessel, the guide can be adequately posi-

tioned immediately proximal to the curve. Moderate curves in the 

vessel  usually  cannot  be  straightened  out  by  guiding  a  relatively 

stiff  catheter  around  them,  and  will  usually  cause  spasm  or  even 

dissection.  Therefore,  it  is  better  to  accept  a  relatively  proximal 

position. If added stability is desired, a relatively stiff 0.014-in. wire 

can be advanced through the guide catheter as a “buddy wire,” and 

if  the  catheter  has  a  large  enough  lumen,  a  microcatheter  can  be 

advanced along-side it. The “buddy wire” will help keep the guide 

catheter in place.

●   Subclavian artery. Using roadmapping, the guide catheter is posi-

tioned  in  the  proximal  artery  and  advanced  toward  the  desired 

feeding  artery.  The  thyrocervical  and  costocervicaltrunks  may 

sometimes be directly catheterized with a guide catheter, but more 

often,  it  must  be  placed  in  the  proximal  subclavian  and  those 

branches catheterized with a microcatheter as necessary.

●   Once  the  catheter  is  in  position,  a  gentle  injection  of  contrast 

through the guide catheter under fluoroscopy is done, to examine 

the  configuration  of  the  vessel  around  the  tip  and  to  check  for 

the  presence  of  vasospasm  or  vessel  dissection  around  the  tip.  If 

catheter tip-induced vasospasm is present and flow-limiting, with-

drawal of the catheter tip by several millimeters is often sufficient 

to restore flow.

●   The catheter tip may slide up and down and rub against the vessel 

wall with each heart beat; be sure to take this into account when 

positioning the catheter.

11.  Guide catheter placement technique: Segmental spinal vessels

(a)  Direct navigation method

●   Useful  in  young  patients  with  non-tortuous,  non-atherosclerotic 

vessels, and when using a catheter with a complex, reverse curve 

shape.

●      The catheter is flushed with heparinized saline. ●   If a peel-away straightener is supplied with the catheter, position 

the straightener at the distal end of the catheter to straighten the 

curve and facilitate insertion in the sheath.

●   A  rotating  hemostatic  valve  with  a  continuous  saline  infusion  is 

attached to the hub of the catheter.
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●   Advance a wire to the very tip of the guide catheter to stiffen it and 

allow passage through the valve in the hub of the sheath.

●   Insert the catheter over the wire through the sheath and into the 

abdominal aorta.

●   If  the  wire  can  easily  be  advanced  into  the  contralateral  iliac 

artery  or  a  renal  artery,  the  curve  of  the  complex  curve  catheter 

(e.g.,  Mikaelson  or  Simmons)  may  be  formed  by  advancing  the 

catheter to just engage the renal or iliac, then withdraw the wire 

into the catheter and gently push and rotate the catheter to form 

the curve.

●   Alternatively,  the  shape  of  the  catheter  may  be  reconstructed  by 

advancing  it  to  the  aortic  arch.  When  the  wire  is  pulled  back  it 

usually reforms as the catheter is rotated.

●   Withdraw the wire completely and double flush the catheter with 

heparinized saline.

●   The catheter is gently rotated and manipulated to the spinal level 

of interest, and with small puffs of contrast is manipulated to the 

origin of the segmental vessel to be catheterized.

●   As the catheter is gently pulled back, it should then advance into 

the  segmental  vessel  for  a  centimeter  or  two  to  obtain  a  stable 

 position.

●   If it does not advance into the vessel when pulled back, sometimes 

it  may  be  necessary  to  park  it  at  the  origin  of  the  vessel  and 

attempt to select the vessel with a coaxially placed microcatheter 

advanced distally in the vessel over a microwire. Once the micro-

catheter  and  wire  are  positioned  distally,  it  may  allow  the  guide 

catheter  to  be  pulled  back,  advanced  forward,  or  rotated very gently  to  get  the  guide  catheter  into  a  more  stable  position.  Too vigorous  a  movement  could  displace  the  catheter  back  into  the 

aorta.

●   Occasionally,  in  younger  patients  with  large  segmental  spinal 

arteries, even a simple curve catheter can be manipulated into the 

vessel of choice using a curved, steerable wire such as the 0.038-in. 

Glidwire ® (Terumo Medical, Somerset, NJ).

(b)  Exchange method

●   Useful when using a 4-French catheter as a guiding catheter, and 

also often when using larger coronary-type guide catheters.

●   A  5-French  diagnostic  spinal  catheter  is  guided  into  the  vessel 

of  choice  over  an  exchange-length  (270–300 cm)  wire,  usually  a 

hydrophilic wire like Glidewire® (Terumo Medical, Somerset, NJ).

●   The tip of the wire is advanced into a distal branch of the segmen-

tal spinal artery using roadmapping technique.

●   The diagnostic catheter is then gently removed while the tip of the 

exchange wire is continuously visualized on fluoroscopy.

●      The wire is wiped down with a dripping-wet Telfa sponge. ●   The  guide  catheter  is  advanced  over  the  wire  while  continuously 

visualizing the tip of the wire.

(c)  Optimizing guide catheter positioning in spinal cases

●   This  can  be  a  huge  problem  in  spinal  embolization  cases  given 

the  continual  movement  of  the  vessels  with  respiration  and  the 

fairly  proximal  catheter  position  that  must  be  accepted  in  many 

of  these  cases.  In  a  lumbar  or  intercostal  vessel  with  a  signifi-

cant  proximal  curve  in  the  vessel,  the  guide  catheter  may  easily 

advance  beyond  the  origin  of  the  vessel.  Moderate  curves  in  the 

vessel usually cannot be straightened out by guiding a relatively 

stiff catheter around them, and will usually cause spasm or even 

dissection.  Therefore  it  is  better  to  accept  a  relatively  proximal 

position.  If  added  stability  is  desired,  a  relatively  stiff  0.014-in. 

wire  can  be  advanced  through  the  guide  catheter  as  a  “buddy 

wire,” and if the catheter has a large enough lumen, a microcath-

eter  can  be  advanced  along-side  it.  The  “buddy  wire”  will  help 

keep the guide catheter in place.

●   Buddy  wires  cannot  be  used  when  5-French  or  smaller  catheters 

are used as guide catheters.

●   Many times only very tenuous catheter positioning is possible, and 

one must keep an eye on the guide catheter position constantly dur-ing the case and gently adjust its position as necessary.
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12. Guide catheter irrigation

(a)  Continous  irrigation  of  the  guide  with  heparinized  saline  (5,000 U 

heparin per 500 mL saline) is important.

(b)  A  three-way  stopcock  connects  the  heparinized  saline  flush-line  to  a 

rotating  hemostatic  valve  (RHV)  to  allow  continuous  infusion  of  saline 

through  the  guide  while  microcatheters  or  other  devices  are  being 

inserted.  The  authors  of  this  handbook  attach  a  large-bore  one-way 

stopcock  between  the  RHV  and  the  guide  catheter  to  allow  control  of 

back-bleeding if the RHV is opened.

(c) Warning: If a large-bore stopcock is used between RHV and guide cath-

eter, do not attempt to close the stopcock when wires or microcatheters 

are in place in the guide catheter. They can be severely damaged.

(d)  A rotating adapter on the stopcock is needed to prevent the stopcock from 

being  a  drag  on  free  manipulation  of  the  catheter.  Using  both  a  rotat-

ing three-way stopcock and a rotating hemostatic valve on the catheter 

allows for two pivot points to allow free rotation of the catheter.

(e)  Meticulous attention to the guide catheter RHV throughout the case is 

necessary to identify thrombus or bubbles, should they appear.

(f)  The heparinized saline drip should be periodically monitored to ensure 

that  it  is  dripping  slowly,  but  continuously,  and  there  is  still  sufficient 

fluid in the saline bag to last for the case.

13. Contrast  injections.  Frequent  small  injections  (“puffing”)  of  contrast  can  be 

used to help manipulate the catheter into the desired arteries, especially with 

spinal  segmental  vessels.  A  20-mL  syringe  containing  contrast  can  be  left 

attached  to  the  catheter  for  these  injections,  and  then  used  immediately  for 

hand  injections  of  contrast  for  angiographic  runs.  As  is  done  in  the  cerebral 

vasculature, the syringe is held vertically and care taken not to allow bubbles 

to  enter  the  catheter.  Spinal  vessels  or  individual  external  carotid  branches 

are best imaged with hand injections of contrast, to allow for modulation of the 

injection rate and volume, depending on the size of the vessel and stability of 

the  catheter.  Larger  vessels  (carotid  or  subclavian)  may  require  power  injec-

tions of contrast for good angiographic runs.

14.  Maintaining guide catheter position

(a)  It  is  vitally  important  to  fluoroscopically  monitor  the  position  of  the 

guide  catheter  periodically  during  the  microcatheter  access  phase  and 

embolization phase of the procedure.

(b)  The guide catheter may become displaced during microcatheter manipu-

lation, which can result in kinking of the microcatheter, can make it dif-

ficult to access the desired microcatheter position and can cause sudden, 

undesired displacement of the microcatheter.

(c)  Guide  catheter  position  can  be  easily  monitored  with  biplane  angi-

ographic systems, by having at least one imaging plane including the tip 

of the guide catheter.

(d)  Any  displacement  of  the  guide  catheter  tip  should  be  corrected,  and,  if 

the catheter appears to unstable, replacement with a more stable guide 

catheter system should be considered.

 

8.4.3.       Microcatheter access phase

Once  a  stable  guide  catheter  position  is  achieved,  a  microcatheter  is  coaxially 

advanced  to  a  position  from  which  embolic  material  can  be  delivered  to  the  target lesion.

1.  Roadmap guidance

Very helpful for fast and effective vascular catheterization

(a)  Contrast is injected and a mask image of the vascular tree is saved, and 

superimposed digitally on the live fluoroscopic image.

(b)  Roadmapping  ensures  safe  and  expeditious  navigation  through  the 

potentially complicated and tortuous vascular anatomy.

(c)  Biplane roadmapping is best.

(d)  3D roadmapping is available on newer angiographic suites.

(e)  If the patient moves or if a different projection is required to negotiate a 

turn, another roadmap mask can be obtained.

(f)  Roadmapping is less helpful in catheterizing the intercostal and lumbar 

arteries,  since  respiratory  motion  and/or  peristaltic  movement  in  the 

intestines degrade the image.
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2.  Microcatheter selection

(a)  There are many microcatheters, and the optimal choice depends on how 

large or how distal the target vessel is, what embolic agent will be used, 

and the training and experience of the operator.

(b)  Microcatheters for extracranial embolization:

●   Over  the  wire  microcatheters.  These  are  by  far  the  most  common 

and are quite sufficient for nearly all procedures.

–  Examples:  Excelsior ®  10–18  (Boston  Scientific,  Natick,  MA) 

Prowler® (Cordis Neurovascular, Miami Lakes, FL), Echelon™ (ev3, Irvine, CA)

●      Flow-directed  microcatheters.  These  are so  flexible  distally  that 

they are ideal for catheterizing very small vessels in an atraumatic 

fashion. However, they are quite flimsy and unstable and are rarely 

used  for  extracranial  embolization,  except  in  some  spinal  AVM 

cases.

–  Examples:  Magic® ™   (AIT-Balt,  Miami,  FL)  Marathon  or 

Ultraflow™ (ev3, Irvine, CA)

●   Steerable  microcatheters.  These  are  the  least  common  and  are 

basically  over-the-wire  catheters  that  have  the  added  benefit  of  a 

steerable tip of the microcatheter.

–  Example: Pivot™ (Boston Scientific, Natick, MA).

(c)  Two-marker,  over-the-wire  microcatheters,  rather  than  single-marker 

catheters, are necessary for the use of detachable coils. The two markers 

in microcatheters used in detachable coils are always 3 cm apart to deter-

mine that the coil is properly deployed. This feature can also be used for 

calibration and measurements. These two markers may make the distal 

3 cm minimally stiffer than one marker catheters, but do not preclude the 

use of embolic agents other than detachable coils.

(d)  See Chap. 7 for more detail on microcatheters.

3.  Microwire selection

(a)  A wide variety of microwires is available, with differing properties such 

as size, softness, visibility on fluoroscopy, shapeability, and steerability, 

trackability, and torque control.

(b)  All microwires suitable for neuro-endovascular procedures are hydrophil-

lically coated to reduce friction.

(c)  Wires can have a shapeable distal tip or may come pre-shaped from the 

manufacturer.

(d)  Shapeable tips are usually made of platinum, which makes it quite vis-

ible on fluoroscopy

(e)  Sizes of microwires range from 0.008 in. for the tiny Mirage™ (ev3, Irvine, 

CA)  to  a  variety  of  0.010 in.  and  even  more  0.014-in.  wires  up  to  the 

robust  0.016-in.  Headliner™  (Terumo  Medical  Corporation,  Somerset, 

NJ). Larger diameter wires are available, but are generally a tight fit in 

commonly used microcatheters and are too stiff for navigation in small 

vessels.

(f)  In general, 0.014-in. wires are used for extracranial embolizations, since 

they are torquable and will be compatible with most over-the-wire micro-

catheters.

(g)  The  Synchro®  or  Transend®  (Boston  Scientific,  Natick,  MA)  are  very 

flexible, maneuverable wires that work efficiently in most instances.

(h)  The authors of this handbook often use the slippery and atraumatic J-tip 

Headliner™  (Terumo  Medical  Corporation,  Somerset,  NJ)  in  tortuous external carotid branches.

4.  Microcatheter irrigation

(a)  Continous irrigation of the microcatheter as well as the guide catheter with 

heparinized saline (5,000 U heparin per 500 mL saline) is important.

(b)  A 3-way stopcock connects the heparinized saline flush-line to a rotating 

hemostatic valve (RHV) to allow a continuous infusion of saline.

(c)  Heparinized saline infusion ensures hydration of the hydrophilic coating 

on the microwire and minimizes friction.

(d)  Meticulous  attention  to  the  microcatheter  (and  guide  catheter)  RHV 

throughout the case is necessary to identify thrombus or bubbles, should 

they appear.

(e)  The heparinized saline drip should be periodically monitored to ensure 

that  it  is  dripping  slowly,  but  continuously,  and  there  is  still  sufficient 

fluid in the saline bag to last for the case.
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5.  Microcatheter/microwire assembly preparation

(a)  The chosen microcatheter is removed from is package, maintaining ster-

ile technique.

(b)  The  plastic  hoop  housing  the  microcatheter  is  flushed  to  hydrate  the 

hydrophilic coating.

(c)  If necessary, the tip of the microcatheter can be steam shaped over the 

small mandrel that usually comes packaged with the catheter.

(d)  The hub of the microcatheter is attached to an RHV and the lumen of the 

RHV and microcatheter are flushed with heparinized saline to purge all 

air from the system.

(e)  A three-way stopcock is attached to the RHV, and tubing for a continuous 

infusion of heparinized saline is attached to the stopcock.

(f)  Using  a  wire  introducer  (which  looks  like  a  long,  hollow,  flat-tipped 

needle)  the  chosen  microwire  tip  on  a  shapeable  wire  may  be  shaped 

by gently pulling the distal 5–10 mm, of the wire across the shaft of the 

introducer to curve the wire. The more firmly the wire is pulled across 

the introducer, the sharper the curve on the wire will be.

(g)  The  shaped  wire  is  then  inserted  in  the  introducer,  the  introducer  is 

inserted through the RHV down to the hub of the microcatheter, and the 

microwire is carefully inserted into the microcatheter.

(h)  If  a  very  tight  curve,  such  as  a  J-shaped  tip  is  desired,  some  difficulty 

may be encountered when trying to insert it into the wire introducer. It 

may be easier to first insert the microwire all the way into the microcath-

eter, extend the tip of the wire beyond the tip of the microcatheter, shape 

the wire, then pull it back to the tip of the microcatheter.

(i)  Alternatively,  one  can  insert  the  wire  into  the  introducer,  then,  with 

the  tip  of  the  wire  extending  out  beyond  the  tip  of  the  introducer,  use 

a second introducer to shape the tip. The wire is then pulled back such 

that its tip is just inside the introducer, the wire/introducer assembly is 

inserted  through  the  RHV  and  the  wire  can  then  be  inserted  into  the 

microcatheter.

(j)  Once  the  microwire  is  well  into  the  microcatheter,  the  wire-introducer 

can be pulled out of the RHV and removed from the wire.

(k)  The RHV on the microcatheter is tightened slightly to ensure easy pas-

sage of wire in (or out of) the microcatheter, but without leakage of saline 

back out of the valve. This will ensure that the lumen of the microcath-

eter  is  perfused  with  heparinized  saline  without  any  back-up  of  blood 

into the microcatheter.

(l)  Once the microwire is inserted to the tip of the microcatheter, a torque 

device is attached to the microwire, and all connections and infusions are 

checked, the assembly is ready to be advanced into the RHV of the guide 

catheter.

6.  Over-the-wire microcatheter placement technique.

These systems are by far the most commonly used for delivery of most embolic 

agents, for many different pathological conditions. The smaller “10-size” micro-

catheters are fairly flexible, although not as flexible as flow-directed microcath-

eters. Larger “14-size” are stiffer, and the “18-size” systems are extremely stiff, 

but have a much larger lumen. The over-the-wire microcatheter is most appro-

priate  for  nearly  all  extracranial  catheterizations  and  definitely  where  large 

particles or microcoils are the embolic agent of choice. If Onyx® (ev3, Irvine, CA) is  contemplated  as  an  embolic  agent  in  the  case,  a  DMSO-compatible  micro-

catheter must be used.

(a)  Virtually  all  over-the-wire  microcatheters  have  hydrophilic  coating 

and  come  packaged  in  a  plastic  hoop  that  can  be  flushed  with  sterile 

heparinized saline to hydrate the coating.

(b)  Attach  an  RHV  and  gently  but  thoroughly  flush  the  system  to  purge 

all air.

(c)  Using  a  wire  introducer,  carefully  insert  a  suitable  microwire  (usually 

0.014 in.)  through  the  RHV  and  into  the  microcatheter  to  its  distal  tip. 

The  authors  use  the  0.014 in.  Synchro™  Soft  wire  (Boston  Scientific, 

Natick, MA) for many cases.

(d)  For  atraumatic  and  quick  navigation  through  tortuous  branches  like 

the distal internal maxillary or occipital, the 0.012 in. J-tip Headliner™ 

(Terumo  Medical  Corporation,  Somerset,  NJ)  works  well  to  stay  in 

the  main  vessel  around  the  curves.  It  is  less  useful  for  selecting  side 

branches than other wires.
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(e)  If  not  pre-shaped,  an  appropriate  curve  on  the  microwire,  usually  a 

70–90°  curve  or  slightly  J-shaped  curve,  allows  selection  of  desired 

branches.

(f)  A torque device must be attached to the proximal end of the microwire. 

This allows torqueing of the wire to rotate the distal curved tip. It also 

allows controlled advancement and withdrawal of the wire.

(g)  Carefully  insert  the  microcatheter  into  the  RHV  of  the  guide  catheter 

and advance it to the distal tip of the guidecatheter. Both the Echelon™ 

and Rebar® (ev3, Irvine, CA) have a marker on the shaft of the catheter 

that indicates that the tip is approaching the tip of a 90 cm guide cath-

eter, to limit the need for fluoroscopy up to that point.

(h)  Under-roadmap guidance, carefully advance the microwire into the vas-

cular system, and follow with the microcatheter.

(i)  In  straight  segments  of  the  vessel,  the  catheter  tip  can  be  advanced 

beyond the wire, which limits the risk of vessel damage or perforation.

(j)  Around sharp turns or where the vessel branches, the microwire is care-

fully guided around the curve by rotating the wire.

(k)  Fixing  the  microwire  in  space,  the  microcatheter  can  be  advanced  over 

the wire and around turns.

(l)  To break the friction between microcatheter and microwire, the wire can 

be gently pulled back and/or rotated.

(m) The  guide  catheter  position  should  be  monitored  periodically  during 

microcatheter positioning, since any resistance to forward motion of the 

microcatheter will inevitably create back-pressure on the guide catheter.

(n)  Periodically during catheter positioning, and certainly once the desired 

catheter position is reached, gently pull back slightly on the microcath-

eter to remove any redundancy.

(o)  Also periodically check that the heparinized saline flush lines attached 

to the guide catheter and microcatheter are dripping and bubble-free.

(p)  When  the  microcatheter  reaches  the  desired  location,  carefully  remove 

the wire and observe the tip of the microcatheter fluoroscopically, since 

moving  the  wire  can  often  release  stored  energy  in  the  microcatheter, 

causing it to move (usually forward).

(q)  Gently  inject  a  small  amount  of  contrast  through  the  microcatheter  to 

confirm  catheter  positioning,  and  also  to  confirm  patency  of  the  micro-

catheter.  Too  much  resistance  during  injection  could  indicate  kinking  of 

the microcatheter. This kinking should be resolved by pulling back on the 

catheter before proceeding further. Injection of contrast or embolic mate-

rial  in  a  kinked  catheter  can  result  in  catheter  rupture,  which  can  be  a 

disaster.

(r)  When  all  slack  is  removed,  perform  a  high-resolution  superselective 

arteriogram.

(s)  Carefully evaluate the superselective arteriogram to determine:

●      Whether the desired position has been reached ●      Whether there are no dangerous anastamoses filling ●   The flow-rate in order to choose an embolic agent and the injection 

rate needed

●   That there is no sign of contrast exiting the microcatheter proximal 

to  the  distal  tip.  This  would  indicate  that  the  microcatheter  has 

been irreparably damaged or even ruptured and must not be used 

for embolization

●   Once the microcatheter is in position, and confirmed by superselec-

tive arteriography, provocative testing may be performed if neces-

sary  (see  below).  Otherwise,  the  embolization  phase  may  begin 

(also see below)

7.  Flow-directed microcatheter placement technique

These systems are most commonly used for liquid embolic delivery, usually in 

the setting of an AVM or AVF. The high flow state in these conditions greatly 

facilitates  rapid  and  accurate  placement  of  the  microcatheter  to  the  desired 

position. However, in the extracranial circulation, flow rates are less than those 

in  the  intracranial  circulation,  even  in  hypervascular  lesions.  Therefore,  the 

flow-directed  characteristics  of  these  microcatheters  do  not  assist  navigation 

in the extracranial circulation to any great extent. These catheters can still be 

used, but technique is virtually the same as that for over-the-wire microcatheters, 

except  that  0.010  or  smaller  microwires  must  be  used.  Again,  if  Onyx®  (ev3, 

Irvine, CA) is to be used as an embolic agent in the case, a DMSO-compatible 

microcatheter must be used.
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8.  Steerable microcatheter positioning.

These  microcatheters  are  rarely,  if  ever  needed  for  extracranial  embolization. 

They  are  most  appropriate  for  coil  embolization.  Their  positioning  technique 

is  very  similar  to  over-the-wire  technique,  with  a  number  of  idiosyncrasies, 

given the special steerable characteristics of the catheter. The Pivot™ (Boston Scientific, Natick, MA) is a radically different microcatheter, although its avail-

ability is somewhat limited at the time of this writing. It is virtually the only 

true  steerable  microcatheter  available  (and  even  it  is  not  readily  available  at 

the time of this writing). Further discussions on the use of this microcatheter 

are in Chaps. 5 and 7.

9.  Provocative testing (see Chap. 6) is done in an effort to confirm that the ves-

sel  being  embolized  does  not  supply  dangerous  anastamoses  to  the  central 

 nervous  system  or  cranial  nerves.  Pharmacologic  agents  such  as  amobarbital 

and lidocaine are injected in the vessel prior to embolization and the patient is 

tested for new signs of neurological dysfunction. Amobarbital injections test for 

nerve  cell  body  supply  in  the  central  nervous  system  and  lidocaine  injections 

test for nerve axons such as cranial nerves.5 Most practitioners use this testing on awake patients, although it can be done while the patient is under general 

anesthesia  using  neurophysiological  monitoring  with  electroencephalography 

(EEG),  somatosensory  evoked  potentials  (SSEP),  brainstem  evoked  responses 

(BAER) and/or motor evoked potentials (MEP).1, 6, 7 Monitoring is not free from false negatives1, and the practitioner should never be lulled into a false sense of security even when testing suggests it is safe to embolize, since the pharma-

cological  agents  can  go  preferentially  by  flow  to  the  abnormal  territory.  This 

is especially true in high flow lesions such as AVM or AVF. The authors of this 

handbook caution that careful attention to angiographic signs on superselective 

angiography may be just as sensitive as provocative testing to rule out normal 

territories at risk. The technique for this testing is as follows:

(a)  Once the microcatheter is in proper position and slack has been removed, 

provocative testing can begin.

(b)  Remove the rotating hemostatic valve on the microcatheter, and connect 

a three-way stopcock to the microcatheter.

(c)  Using a wet-to-wet connection, connect the labeled 3–5-ml amobarbital 

(25 mg ml−1) syringe to the stopcock attached to the microcatheter.

(d)  Hold the syringe vertical, such that any bubbles rise away from the catheter.

(e)  In awake patients, place a sterile half-sheet over the sterile field over the 

patient’s thorax, to prevent contamination of the field during testing.

(f)  Inject the amobarbital (usually 30–50 mg, depending on vessel size and 

flow-rate) over approximately 5 s into the vessel via the microcatheter.

(g)  Immediately  disconnect  the  labeled  amobarbital  syringe,  attach  a  3-ml 

syringe and flush with several milliliters of heparinized saline to remove 

any amobarbital left in the catheter.

(h)  Ask  the  patient  if  he  or  she  feels  anything  abnormal,  then  do  a  brief 

neurological  examination,  paying  particular  attention  to  functions  at 

risk  from  the  vascular  territory  being  tested.  Vascular  contributors  to 

cranial  nerves  and  other  eloquent  areas  are  discussed  in  excruciating 

detail in Chap. 1.

(i)  If  the  patient  shows  a  new  deficit,  the  testing  is  considered  abnormal, 

and the vessel should not be embolized from that catheter position.

(j)  In patients under anesthesia, when the barbiturate is injected, adjunc-

tive testing with EEG, SSEP, BAER, and/or MEP can be done.

(k)  If  adjunctive  testing  changes  from  baseline  status,  then  the  testing  is 

also considered abnormal, and the vessel should not be embolized from 

that catheter position.

(l)  If there is no change on neurological testing and adjunctive testing, the 

testing is normal and suggests that it may be safe to embolize, or at least 

it is safe to proceed to test with lidocaine. Lidocaine may be more sensi-

tive to nerve and white-matter tract supply than is amobarbital. Do not 

inject lidocaine if the barbiturate testing is abnormal.

(m) Connect a labeled 3-ml syringe of 2% cardiac lidocaine to the stopcock on 

the microcatheter.

(n)  Inject  the  lidocaine  (usually  20–50 mg)  over  approximately  5 s  into  the 

vessel via the microcatheter.

(o)  The  neurological  and/or  adjunctive  neurophysiological  testing  is  then 

repeated.

(p)  If there is no deficit, the testing is normal and it is safe to embolize.
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(q)  If a neurological or neurophysiological deficit occurs, the testing is abnor-

mal and the vessel should not be embolized from that catheter position.

(r)  During embolization of a vessel after negative amobarbital and lidocaine 

testing,  a  change  in  flow  pattern  or  visualization  or  different  vessels 

may be seen after partial occlusion of the vessel. Consider repeating the 

provocative testing again, and only proceed with further embolization if 

the provocative testing remained negative.8

 

8.4.4.       Syringe safety

Many of the procedures discussed in this book require the use of multiple agents 

in syringes on the procedure table. For example, an embolization procedure that may involve provocative testing requires syringes containing local anesthetic, saline flush, contrast,  amobarbital,  lidocaine,  embolic  material,  etc.  It  is  imperative  that  these syringes  containing  different  agents  are  clearly  differentiated,  one  from  another. Confusing syringes with anesthetic agents or embolic materials for contrast or saline flush  can  lead  to  disastrous  results.  The  authors  of  this  handbook  use  customized, labeled,  colored  syringes  (Merit  Medical,  South  Jordan,  UT)  of  various  sizes  and designs for the various materials. Using the same type of syringe for a certain agent at all times and educating new team members to the routine will minimize confusion and avoid mistakes.

 

8.4.5.       Embolization phase

With  a  microcatheter  in  optimal  position  at  the  site  of  a  vascular  lesion  and 

beyond  supply  to  normal  brain,  the  time  is  ripe  for  occluding  the  vessel  with  an appropriate  embolic  agent.  Ideally,  this  should  have  already  been  chosen,  given the  underlying  vascular  pathology,  the  therapeutic  goal  of  the  procedure  and  the chosen  microcatheter  system.  The  superselective  arteriogram  performed  once  the microcatheter is in its final position should be studied to confirm that the originally chosen embolic agent is still appropriate for the flow rate and distance to the lesion. A variety of embolic agents could be delivered through microcatheters, although some are  more  effective  than  others.  The  single  most  important  principle  of  the  selection process is that the operator uses the system with which he or she is most experienced and comfortable.

1.  Selecting embolic agents

Anything that causes a vessel to occlude can theoretically be used for extracra-

nial embolization, but the most common and most studied types of agents are 

discussed.

(a)  Liquid embolics

These are agents that are supplied in a liquid state and hence are easily 

injected through small microcatheters. Partly because of this character-

istic, they are the most commonly used embolic agents used in intracra-

nial embolization procedure.

●      Cyanoacrylates. (aka “glue”)

These are acrylic agents that are in a liquid state and polymerize 

when  they  contact  hydroxyl  ions  in  blood.  They  are  mainly  used 

for  intracranial  embolization.  The  most  common  acrylic  agent 

used in the United States is n-butyl cyanocrylate (NBCA) Trufill® (Cordis  Neurovascular,  Miami  Lakes,  FL).  Polymerization  time 

can  be  modified  by  the  addition  of  oil-based  contrast  agents  such 

as  Ethiodol®  (Savage  Laboratories,  Melville,  NY)  or  glacial  acetic acid. Tends to cause considerable pain on injection of extracranial 

vessels, so it is used mainly for spinal embolization, for rare high-

flow fistulae in the head and neck for actively bleeding vessels or 

for direct percutaneous embolization of vascular tumors via needle 

puncture.

●   Precipitated polymer. (aka non-adhesive liquid embolic agent)

These  agents  are  polymers  insoluble  in  blood  or  water,  dissolved 

in a non-aqueous solvent. When injected into the vascular system, 

the solvent disperses and the polymer precipitates to form a solid 

occlusive  agent.  Onyx®  (ev3,  Irvine,  CA)  is  the  dominant  example of  the  precipitated  polymer  and  is  FDA  approved  for  use  in 
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AVMs. The agent is slowly infused through the microcatheter so is 

not a particularly useful agent for most applications in the extrac-

ranial circulation. Another issue with Onyx® is the dark tantalum used to make it radio-opaque which may be visible through the skin 

if  injected  in  superficial  vessels.  Consequently  it,  like  the  acrylic 

glue, is also uncommonly used in extracranial cases.

●      Sclerosing agents

Sclerosing  agents  are  liquid  agents  that  promote  thrombosis  but 

also  necrosis  of  the  intima  in  an  attempt  to  limit  the  chance  for 

clot  lysis  and  recanallization.  Absolute  ethanol  is  medical-grade 

ethanol  that  is  dehydrated  sufficiently  to  be  close  to  100%  pure 

ethanol. This is very thrombogenic and very toxic at this concentra-

tion.  Alcohol  should  be  avoided  or  only  used  with  utmost  caution 

when  treating  lesions  anywhere  near  the  spinal  cord  because  of 

this toxicity. It is also extremely painful when injected in vessels in 

awake patients, and can cause skin necrosis if used in superficial 

vessels. Consequently, it tends to be reserved for attempted pallia-

tive embolization for tumors and direct percutaneous sclerotherapy 

for vascular malformations or tumors in the head and neck.

(b)  Particles

These  agents  are  by  far  the  most  common  agents  used  in  the  extrac-

ranial  head  and  neck  circulation.  All  particulate  agents  work  best  in 

lesions with a capillary bed, namely tumors. All have a tendency to clog 

the  microcatheter  if  the  particles  are  too  large  or  injected  in  too  large 

a quantity. All require a similar technique for their use, and are mixed 

with contrast and injected via a microcatheter.

●      Polyvinyl alcohol foam. (aka “PVA”)

–  These  are  irregularly  shaped  particles  of  PVA  Examples: 

Contour® emboli (Boston Scientific, Natick, MA) or PVA Foam Embolization Particles (Cook Medical, Bloomington, IN).

●      Spherical emboli

–  These  particles  are  manufactured  to  have  a  smooth,  spheri-

cal  shape.  Examples  Spherical  Contour  SE™  (Boston Scientific) or Bead Block ™ (Terumo Medical, Somerset, NJ) or Embospheres® (Biosphere Medical, Rockland, MA).

●      Silk suture

–  Small  segments  of  silk  suture  can  be  it  and  loaded  into  a 

microcatheter. It is propelled into the vessel by injecting con-

trast or saline. Other types of suture material can be used in 

this fashion, but are less thrombogenic.

(c)  Detachable balloons

Small  balloons  may  be  attached  to  a  microcatheter,  navigated  to  the 

desired site of occlusion, inflated to produce occlusion of the vessel, then 

detached from the catheter and permanently implanted. In the extracra-

nial circulation, they have rarely been used for extremely rare high-flow 

fistulae,  or  for  large  vessel  occlusion.  At  the  time  of  this  writing,  the 

Goldvalve™ balloon (Acta Vascular, Santa Clara, CA), is available in most of the world outside of the United States, and this and other vendors are 

working on obtaining approval for the North American market.

(d)  Microcoils

Small, usually platinum coils that can be delivered through a microcath-

eter can be used for embolization. A wide variety of coils is available from 

many  different  companies.  These  are  most  commonly  used  for  large  or 

medium sized vessel occlusion in extracranial embolization procedures.

●      Pushable coils.

These are platinum coils with thrombognic fibers that are pushed 

through  the  microcatheter  with  a  wire  pusher.  Examples  include 

Trufill ®  pushable  coils  (Cordis  Neurovascular,  Miami  Lakes,  FL), Hilal  and  Tornado®  Microcoils  (Cook  Medical,  Bloomfield,  IN), Fibered Platinum, and Vortx ® coils (Boston Scientific, Natick, MA). Small coils such as 2 mm or 5 mm straight coils or 2 mm × 20 mm 

helical  coils  can  also  be  propelled  through  the  microcatheter  and 

into  the  vessel  using  rapid  injections  of  saline  or  contrast.  Since 

these  are  effective  in  producing  vascular  occlusion  and  are  inex-

pensive,  they  are  the  most  common  coils  used  for  extracranial 

embolization. Still, it is rare that medium sized vessels need occlu-

sion with coils in the extracranial circulation. The authors of this 
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handbook tend to use coils in these extracranial territories mainly 

to block anastamotic vessels and prevent particles or liquid emboli 

from entering the dangerous territory.

●      Injectable platinum coils.

These  mainly  consisted  of  the  Berenstein  Liquid  Coils®  (BLC, Boston  Scientific,  Natick,  MA),  which  are  propelled  into  the  ves-

sel using rapid injections of contrast or saline. Sadly these are no longer readily available at the time of this writing.

●      Detachable platinum coils.

The  prototypical  version  of  these  coils  are  the  GDC ®  (Boston Scientific, Natick, MA), but are rarely, if ever used in extracranial 

embolizations. They are not as effective in inducing thrombosis as 

fibered  pushable  coils,  and  are  much  slower  to  deploy.  The  added 

precision and security they provide are not usually needed outside 

the cerebral circulation. They are discussed further in Chap. 5.

●      Detachable fibered coils

These are a hybrid of the pushable fibered coil and detachable coil. 

Examples include the Sapphire NXT ™ fibered coils (ev3, Irvine, CA) or  Fibered  GDC®  (Boston  Scientific,  Natick,  MA).  They  definitely provide the same features as pushable fibered coils, but with added 

precision. This precision they afford is usually unnecessary in the 

extracranial circulation.

●      Coated detachable coils

These  coatings  were  developed  in  an  effort  to  promote  healing 

and  decrease  the  recanalization  of  aneurysms  treated  with  these 

coils. These include, among others, the Matrix™ (Boston Scientific, Natick,  MA)  and  Hydrocoil®  (Microvention/Terumo  Medical,  Aliso Viejo,  CA).  The  added  cost  for  these  coils  is  difficult  to  justify  in 

extracranial embolizations. They are discussed further in Chap. 5.

(e)  Stents

Stents  are  commonly  used  for  aneurysm  treatment  in  the  intracranial 

circulation,  but  only  very  rarely  for  embolization  in  the  extracranial 

circulation. Situations that might require the use of a stent would be the 

occasional  pseudoaneurysm  of  arteriovenous  fistula  that  may  require 

stent-assisted  coil  embolization.  The  Neuroform™  (Boston  Scientific, Natick, MA) and Enterprise ™ (Cordis Neurovascular, Miami Lakes, FL) stents  may  be  used  in  smaller  vessels  (up  to  4.5-mm  diameter).  When 

dealing with AV fistula or pseudoaneurysm arising from larger vessels, 

the  larger  self-expanding  carotid  stents  including  NexStent®  (Boston Scientific, Natick, MA) or Acculink™ (Abbott Laboratories, Abbott Park, IL) can be used for preservation of flow in large or medium sized vessels 

in extracranial embolization procedures. Coils can be placed in the pseu-

doaneurysm or on the venous side of an AV fistula, while the stent in the 

artery prevents herniation of coils into the parent artery. The authors of 

this  handbook  have  done  stent-assisted  coiling  in  cases  of  wide  necked 

post-traumatic  extracranial  carotid  pseudoaneurysms,  or  large  post-

traumatic AVF in the carotid or vertebral artery. It may also be helpful to 

temporarily inflate a non-detachable balloon, like the Hyperform ™ (ev3, Irvine, CA) within the stent during placement of coils or liquid embolic 

agents  in  the  aneurysm  or  fistula  to  provide  added  assurance  that  the 

coils, or other agents do not find their way through the openings of the 

stent into the parent artery.

Standard porous intracranial stents like the Neuroform™ or Enterprise™ can sometimes channel flow away from a side-wall aneurysm to induce 

thrombosis  without  placing  coils.  This  spontaneous  thrombosis  after 

stent placement would not be expected in the case of an AV fistula due to 

the higher flow conditions. A different type of stent that has been used to 

treat fistulae or active bleeding is the covered stent, most commonly the 

Jostent® (Abbott, Abbot Park, IL). This over-the-wire balloon inflatable covered stent allows rapid occlusion of a fistula without necessarily using 

coils. The stent is FDA approved for repair of ruptured coronary vessels 

3–5 mm  in  diameter.  Larger  vessels  (4–7.5 mm)  require  the  Wallgraft ™ (Boston Scientific, Natick, MA). This is a self expanding stainless steel 

stent-graft which may be less traumatic than balloon inflatable stents, 

but  requires  greater  than  8-French  sheaths  for  introduction  of  these 

large  devices.  The  Viabahn ®  (W.  L.  Gore,  Flagstaff,  AZ)  is  a  heparin coated  self-expanding  nitinol  stent  graft  that  has  the  added  benefit 
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of  being  MRI  compatible.  These  latter  stent-grafts  require  7-French 

sheaths  for  the  smaller  stents  (5  or  6 mm)  or  8  French  for  the  larger 

stents (7 or 8 mm). None of these covered stents is FDA approved for use 

in  the  brachiocephalic  vessels,  but  can  be  life-saving  in  some  cases  of 

active bleeding of a major vessel.9

2.  N-BCA glue embolization technique

(a)  When  a  flow-directed  or  over-the-wire  type  microcatheter  is  in  the 

desired  position,  beyond  any  potential  supply  to  brain,  eye,  cranial 

nerves or spinal cord, if any provocative testing has been completed and 

suggests that it is safe, then embolization can proceed.

(b)  Even if embolizing a vessel that does not supply neural structures, avoid 

getting glue in muscular or cutaneous branches since it may cause con-

siderable pain.

(c)  When using glue, all persons near the sterile field should wear glasses 

or other eye protection. If a connection comes loose during injection, the 

glue can spray and stick to whatever it touches.

(d)  Double-check the superselective arteriogram performed at that catheter 

position, and check how long the contrast takes to reach the lesion.

(e)  As  a  rule  of  thumb,  if  that  time  is  under  one  second,  at  least  a  70% 

glue  mixture  (three  parts  nBCA  to  one  part  Ethiodol®)  is  required. 

Over  2 s  requires  a  50%  (one  nBCA  to  one  Ethiodol)  or  more  dilute 

mixture.

(f)  Tantalum powder greatly increases the radio-opacity of glue, but is not 

absolutely necessary unless the glue mixture is greater than 70% n-BCA. 

Tantalum is messy and can clump, and also the pigment may be visible 

through  the  skin  in  superficial  vessels,  so  most  practitioners  almost 

never use it in the extracranial circulation.

(g)  Draw up the Trufill® n-BCA (Cordis Neurovascular, Miami Lakes, FL) 

from its tube using a labeled, glue-compatible 3-ml syringe (avoid poly-

carbonate plastic…it softens).

(h)  Draw up the Ethiodol® in a labeled syringe, and add the proper volume 

to the glue syringe to achieve the desired concentration.

(i)  Have  several  labeled  3-ml  syringes  filled  with  5%  dextrose  solution 

ready.

(j)  Carefully  pull  back  slightly  on  the  microcatheter  to  remove  any  slack, 

and  slightly  loosen  the  rotating  hemostatic  valve  so  that  it  just  barely 

prevents back-flow of blood in the guiding catheter, without binding the 

microcatheter too tightly.

(k)  Re-confirm proper catheter positioning with a contrast injection via the 

microcatheter for a superselective arteriogram. Select a projection that 

shows  the  microcatheter  tip  and  its  relationship  to  any  curves  in  the 

arterial feeder distal to the catheter tip, any normal branches proximal 

to it, and the lesion.

(l)  Study the superselective arteriogram carefully to time the arteriovenous 

transit,  and  to  determine  the  morphology  of  the  target  arterial  feeder 

and nidus structure where the liquid agent will be injected.

(m) Attach  a  glue-compatible  stopcock  directly  to  the  microcatheter.  Cook 

Medical  (Bloomington,  IN)  makes  a  high-pressure,  white  nylon  plastic 

one,  and  three-way  stopcocks  with  Luer  lock  fittings  that  hold  up  well 

during glue injections.

(n)  One-way  stopcocks  are  sufficient,  but  three-way  are  preferred  since  it 

allows a flush syringe of dextrose to remain attached even when the glue 

syringe  is  attached.  This  works  well  for  doing  the  push  technique  (see 

below).

(o)  Thoroughly flush the microcatheter with 5% dextrose solution. Generally, 

approximately 5–10 ml is sufficient to clear all saline and/or blood from 

the microcatheter lumen.

(p)  As  the  last  milliliter  of  dextrose  is  being  injected,  close  the  stopcock  to 

prevent blood backflow into the microcatheter.

(q)  Holding  the  stopcock  upright,  fill  the  Luer-lock  connection  fully  with 

dextrose.

(r)  Create a blank roadmap mask, the glue injection can be well visualized 

under digital subtraction.

(s)  Attach a 3-ml syringe loaded with the prepared glue mixture.
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(t)  For  continuous  column  technique,  slowly,  but  steadily  inject  the  glue 

using roadmap imaging, such that the glue column is continuously mov-

ing forward.

(u)  Fill the arterial feeder and as much of the nidus as possible.

(v)  Be alert for any signs of reflux of glue back along the catheter, passage 

of glue into the vein, or reflux of glue from the nidus into other arterial 

branches feeding the lesion.

(w) If any of these conditions is occurring and one is using dilute glue, one 

might  be  able  to  briefly  pause  the  injection,  then  resume  cautiously. 

Sometimes the glue will find another pathway through the nidus.

(x)  The glue injection is relatively quick, but controlled. Polymerization usu-

ally occurs within a few seconds.

(y)  The embolic agent should be deposited in the “safety zone” consisting of 

AVM  nidus  and  only  the  artery  beyond  all  normal  branches,  and  vein 

before other venous inputs beyond the occluded nidus. (See Chap. 7 and 

Fig. 7.1)

(z)  If there is any question that the glue is refluxing or going somewhere it 

shouldn’t, or if finished filling the desired space with glue, stop injecting, 

aspirate  the  syringe  to  create  negative  pressure  in  the  microcatheter, 

and  quickly,  smoothly  withdraw  the  microcatheter  completely  from  the 

patient and discard it. It is best to pull the guiding catheter and micro-

catheter as a unit, but, sometimes, using braided microcatheters, one can 

remove it by just pulling the microcatheter.

 (aa)  Examine  the  rotating  hemostatic  valve  of  the  guiding  catheter  for  any 

retained  droplets  of  glue,  then  aspirate  and  double  flush  the  stopcock, 

rotating hemostatic valve, and guide-catheter.

 (bb)  Once the guide catheter is thoroughly inspected and flushed, re-insert it 

to the arterial territory of interest, and perform a follow-up arteriogram 

to ensure that the desired result is obtained.

 (cc)  The  wedged  technique  is  similar  to  the  full-column  technique,  except 

that  the  microcatheter  tip  is  wedged  in  the  nidus  or  small  vessel  and 

much more dilute glue can be used.

 (dd)  In wedged position, very slow, prolonged injections with dilute glue (less 

than  30%  glue)  can  be  done  over  several  minutes  (which  seems  like 

hours).

 (ee) When glue begins to enter the vein, or to reflux along the microcatheter, 

one should stop injecting, wait a minute for polymerization, aspirate back 

from the glue syringe, then pull the catheter out.

 (ff)  Using the push technique, the microcatheter is generally some distance 

proximal to the lesion, but still beyond normal vessels.

 (gg)  When  ready  to  embolize,  the  microcatheter  is  flushed  with  dextrose 

solution.

 (hh)  A  three-way  stopcock  is  attached  to  the  hub  of  the  microcatheter,  and 

a  syringe  of  5%  dextrose  flush  is  attached  to  one  connection,  and  the 

appropriately mixed glue to another.

  (ii)  Depending  on  the  size  of  the  vessel  being  embolized,  0.1–0.2 ml  of  glue 

mixture  is  injected  into  the  microcatheter,  the  stopcock  is  turned  and, 

under  roadmap  visualization,  the  glue  is  flushed  into  the  vessel  using 

the dextrose flush syringe.

  (jj)  Generally,  it  is  advisable  to  pull  the  microcatheter  at  this  point.  The 

exception  would  be  when  the  glue  bolus  travels  quite  distal  to  the  tip 

of  the  microcatheter,  and  if  contrast  injections  via  the  guide  catheter 

confirm persistent patency of the feeding vessel being embolized. A sec-

ond glue bolus may be injected and pushed with dextrose as long as the 

microcatheter remains patent.

3.  Direct percutaneous n-BCA injection technique

This  technique  involves  direct  puncture  and  glue  embolization  of  feeding  ves-

sels that may have been ligated10 11  or direct puncture and embolization of AVMs

or vascular tumors in the head and neck12–14 or spine.15

(a)  An arterial catheter is usually placed in the vascular territory to allow 

for roadmap imaging and control angiography.

(b)  The skin overlying the area of interest is sterilely prepared and draped 

and  the  skin  overlying  the  lesion  is  injected  with  local  anesthetic  (2% 

lidocaine).

(c)  Using roadmap guidance, a trajectory is planned to allow direct needle 

access of the desired vessel or lesion, without hitting any vital structures. 

Biplane or 3D roadmapping is particularly useful.
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(d)  For very superficial lesions, it may be useful to plan an oblique trajectory 

to allow the skin and tissues to stabilize the needle once it is positioned 

in the lesion.

(e)  Using  a  22  gauge  spinal  needle  with  a  metal  hub  is  inserted  under 

roadmap guidance to the desired position. When the needle seems deep 

enough  the  stylet  is  removed  to  look  for  blood  return.  If  no  return  is 

obtained the needle should be advanced or withdrawn until good blood 

flow is obtained.

(f)  In the scalp or facial soft tissues, the tumor or vessels may be mobile and 

it may take some manipulation to puncture the vessel and not glance off 

it.

(g)  Once  good  blood  return  is  obtained,  gently  inject  contrast  through  the 

needle  to  confirm  proper  positioning,  to  look  for  any  important  vessels 

filling, and to time the volume required to fill the lesion and the arterio-

venous transit.

(h)  If any vessel that supplies neural structures is not visualized, emboliza-

tion may proceed.

(i)  As always, when using glue, all persons near the sterile field should wear 

glasses or other eye protection. If a connection comes loose during injec-

tion, the glue can spray and stick to whatever it touches.

(j)  As a rule of thumb, when injecting a high-flow fistula, a concentrated 

glue  such  as  a  70%  glue  mixture  (three  parts  nBCA  to  one  part 

Ethiodol®)  is  required.  Most  tumors,  even  very  vascular  ones  require 

a  fairly  dilute  mixture,  such  as  20%  (one  part  nBCA  to  four  parts 

Ethiodol).

(k)  Tantalum powder greatly increases the radio-opacity of glue, but is not 

absolutely necessary unless the glue mixture is greater than 70% n-BCA. 

Tantalum is messy and can clump, and also the pigment may be visible 

through  the  skin  in  superficial  vessels,  so  most  practitioners  almost 

never use it in the extracranial circulation.

(l)  Draw up the Trufill® n-BCA (Cordis Neurovascular, Miami Lakes, FL) 

from its tube using a labeled, glue-compatible 3-ml syringe (avoid poly-

carbonate plastic…it softens).

(m) Draw up the Ethiodol® in a labeled syringe, and add the proper volume 

to the glue syringe to achieve the desired concentration.

(n)  Have several labeled 3-ml syringes filled with 5% dextrose solution ready.

(o)  Re-confirm proper needle positioning with a small contrast injection.

(p)  Select a projection that shows the needle tip and its relationship to any 

curves  in  the  arterial  feeder  distal  to  the  needle,  any  visible  normal 

branches, and the lesion.

(q)  Attach  a  glue-compatible  stopcock  directly  to  the  needle,  or  to  a  short 

segment  of  sterile  tubing  that  is  then  connected  to  the  needle.  The 

authors usually avoid using the tubing since some plastic tubing may not 

be glue-compatible.

(r)  One-way  stopcocks  are  sufficient,  but  three-way  are  preferred  since  it 


allows a flush syringe of dextrose to remain attached even when the glue 

syringe is attached.

(s)  Be careful not to move the needle when attaching stopcocks or syringes.

(t)  Gently,  but  thoroughly  flush  the  needle  with  5%  dextrose  solution. 

Generally,  approximately  2–3 ml  is  sufficient  to  clear  all  saline  and/or 

blood from the needle lumen.

(u)  As  the  last  milliliter  of  dextrose  is  being  injected,  close  the  stopcock  to 

prevent blood backflow into the needle.

(v)  Stabilizing the stopcock, fill the Luer-lock connection fully with dextrose.

(w) Create a blank roadmap mask, the glue injection can be well visualized 

under digital subtraction.

(x)  Attach a 3-ml syringe loaded with the prepared glue mixture.

(y)  Slowly, but steadily inject the glue using roadmap imaging, such that the 

glue column is continuously moving forward.

(z)  In extremely high flow AVMs, flow can be easily controlled in the lesion 

during the glue injection by manual compression of draining veins or by 

placement of a compressive dressing or O-ring 16 over the skin overlying superficial lesions.

 (aa)   Fill  the  arterial  feeder  and  as  much  of  the  nidus  or  tumor  bed  as  pos-

sible.

 (bb)   Be very alert for any signs of reflux of glue back along arterial feeders, 

passage  of  glue  into  the  vein,  or  reflux  of  glue  through  the  nidus  or 
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tumor bed into other, potentially dangerous arterial branches feeding the 

lesion.

 (cc)  If  any  of  these  conditions  is  occurring  and  one  is  using  dilute  glue,  one 

might be able to aspirate to stop forward motion, then after a brief pause, 

resume cautiously. Sometimes the glue will find another pathway through 

the nidus.

 (dd)  When  the  glue  injection  is  complete,  close  the  stopcock,  then  wait. 

Polymerization should be complete within a few minutes.

 (ee)  Rotate the needle to break the bond with the injected glue and then remove 

it.

  (ff)  Once  the  needle  is  removed  and  hemostasis  obtained  at  the  puncture 

site, perform a follow-up arteriogram to ensure that the desired result is 

obtained.

 (gg)  If other segments of the lesion remain patent, addition needle punctures 

and glue injections may be done.

4.  Onyx® embolization technique

(a)  Have several vials of the desired Onyx® mixture (18 and/or 34) agitating 

in  an  automatic  mixer  for  30 min  while  performing  other  parts  of  the 

procedure

(b)  This  transarterial  technique  is  similar  to  the  technique  using  n-BCA 

glue regarding the catheterization of the arterial feeder, except one must 

use a dimethyl sulfoxide (DMSO)-compatible catheter such as the over-

the-wire type Rebar® (ev3, Irvine, CA) or more flexible Marathon™ (ev3, 

Irvine, CA).

(c)  Note  that  provocative  testing  can  give  a  false  sense  of  security  since 

Onyx® can easily find its way into places that may not be predicted by 

superselective angiography or barbiturate injections.

(d)  Confirm  proper  catheter  positioning  with  a  contrast  injection  via  the 

microcatheter for a superselective arteriogram. Select a projection that 

shows  the  microcatheter  tip  and  its  relationship  to  any  curves  in  the 

arterial feeder distal to the catheter tip, any normal branches proximal 

to it, and whether the tip is wedged.

(e)  Study the superselective arteriogram carefully to time the arteriovenous 

transit,  and  to  determine  the  morphology  of  the  target  arterial  feeder 

and venous structure where you will deposit the Onyx®.

(f)  Select  a  pre-mixed  viscosity  of  the  agent  depending  on  the  size  of  the 

feeder and degree of arteriovenous shunting. Big feeders with fast flow 

need Onyx® 34 and small feeders or slower shunting should be treated 

with Onyx® 18.

(g)  Using the proper syringe supplied by ev3, draw up 1 ml of DMSO.

●      Draw up the Onyx into the syringe specified by the manufacturer. ®

Agitate it back-and forth if it will not be injected for more than a 

few minutes to keep the tantalum from getting suspended.

●   Attach the DMSO syringe directly to the hub of the microcatheter 

and  fill  the  dead-space  of  the  microcatheter  (usually  0.2–0.3 ml) 

with DMSO over 1–2 min.

●   Remove  the  DMSO  syringe  from  the  microcatheter,  and,  keeping 

the hub upright, fill the hub with DMSO.

●   Holding  both  the  catheter  hub  and  Onyx®  syringe  at  45°  to  one 

another,  quickly  connect  the  syringe  to  the  hub,  and  then  keep 

the  syringe  vertical  with  theplunger  down.  This  keeps  a  sharp 

demarcation between the heavier Onyx® in the syringe, and lighter 

DMSO  in  the  hub  of  the  catheter.  This  will  make  it  easier  to  see 

radiographically than if the DMSO and Onyx® mix together.

(h)  Using  a  blank  roadmap  mask,  slowly  inject  the  Onyx®  under  roadmap 

visualization at a rate of approximately 0.16 ml per minute. Rates of injec-

tion over 0.3 ml per minute risk vascular injury due to DMSO toxicity.

(i)  Continue  injecting  Onyx®  as  long  as  it  is  flowing  forward  into  desired 

areas of the abnormal vessels.

(j)  If it refluxes along the catheter, passes into the proximal part of the vein, 

or refluxes into other arterial feeders, pause the injection for 15 s, then 

resume injecting. If the Onyx® continues to flow in the wrong direction, 

pause again for 15–30 s, then try again. If the Onyx® finds another, more 

desirable pathway, continue the slow injection.

(k)  It is often desirable to obtain a new mask for roadmap periodically. This 

subtracts out the already deposited embolic agent and makes the newly 

injected material easier to see.
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(l)  If uncertain whether the injection is achieving the desired result, a con-

trast injection can be done via the guide catheter for a control angiogram. 

This  will  show  if  there  are  still  portions  of  the  feeding  artery  or  nidus 

that could be occluded from this catheter position.

(m) The  Onyx®  injection  should  be  done  patiently  and  may  take  several 

minutes.

(n)  Some reflux back along the catheter tip is not a problem, due to the non-

adhesive nature of the product. Avoid more than 1 cm of reflux, however, 

since even Onyx® may glue a microcatheter into the vessel.

(o)  Do  not  pause  the  injection  for  more  than  2 min,  for  the  Onyx®  may 

solidify and clog the microcatheter.

(p)  Never try to inject against resistance. A clogged microcatheter may burst 

if the injection continues.

(q)  When adequate filling of the desired vascular spaces is achieved, or if the 

Onyx® repeatedly flows in the wrong direction, stop injecting, aspirate 

back on the syringe, and slowly, but steadily pull back on the microcath-

eter, disengage it from the deposited Onyx® and remove it. The heavy-

duty catheters used for Onyx® can usually be pulled back on their own, 

without pulling the guide catheter as well.

(r)  After the microcatheter is withdrawn from the guide catheter, examine 

the  rotating  hemostatic  valve  of  the  guiding  catheter  for  any  retained 

droplets of Onyx®, then aspirate and double flush the stopcock, rotating 

hemostatic valve, and guide-catheter.

(s)  Once  the  guide  catheter  is  thoroughly  inspected  and  flushed,  perform 

a  follow-up  arteriogram  to  ensure  that  the  desired  result  has  been 

obtained.

4.  Ethanol embolization technique

(a)  Although  not  recommended  routinely  for  extracranial  embolization, 

there  may  be  rare  situations  in  which  it  may  be  used  if  microcatheter 

access is very close to a lesion.

(b)  It  may  also  be  used  for  direct  needle  puncture  of  superficial  tumors  or 

vascular malformations. (See below)

(c)  Some  recommend  prophylactic  placement  of  a  Swan-Ganz  catheter 

for  AVM  embolizations  with  ethanol,  to  watch  for  signs  of  pulmonary 

hypertension.

(d)  When  added  to  mixtures  of  particle,  the  technique  is  essentially  the 

same as standard particulate embolization (see below).

(e)  When used without added particles, the technique is more like that for 

glue.

(f)  Be  sure  to  check  that  the  syringes,  stopcocks  and  microcatheter  hubs 

will not degrade when exposed to ethanol. Often, those that can be used 

with glue or DMSO will withstand ethanol, but it is wise to test it first. 

Since  it  is  not  an  FDA  approved  indication,  manufacturers  will  likely 

state that their products are not approved for use with ethanol.

(g)  Microcatheter  positioning,  and  confirmation  with  superselective  angi-

ography and provocative testing is the same as for nBCA glue use.

(h)  When ready to embolize, perform test injections of contrast through the 

microcatheter to estimate the rate and volume required to opacify the 

territory that is to be occluded.

(i)  If  the  flow  is  very  rapid,  consider  placing  a  coil  or  two  to  slow  the 

flow.

(j)  Flush  the  microcatheter  with  saline,  since  ethanol  can  cause  contrast 

to precipitate.

(k)  Inject the absolute ethanol at a rate similar to that which opacified the 

vessel, but use only approximately 50% of the volume of contrast used.

(l)  Wait  a  few  minutes,  then  repeat  the  contrast  injection.  If  the  vessel 

remains patent, inject another small bolus of ethanol, and wait again.

(m) If  spasm  is  seen  on  repeat  test  injections,  wait  until  it  resolves  and 

decrease the volume of ethanol boluses.

(n)  After  a  few  boluses  have  been  given,  wait  at  least  5–10 min  between 

ethanol injections before checking for patency of the vessel.

(o)  If there is no change after 20 ml of ethanol, consider placement of addi-

tional coils to slow the flow and help the ethanol work, or try a better 

embolic agent.

(p)  Remember that ethanol can work on the endothelium for some time and 

can also spread through the vessel wall into the adjacent tissues, so it is 

best to keep the ethanol volumes to a minimum.
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4.  Percutaneous ethanol sclerotherapy technique

This technique is used for the treatment of superficial arteriovenous malforma-

tions as well as venous and lymphatic malformations.17

(a)  Percutaneous ethanol sclerotherapy is almost always performed under 

general anesthesia because the ethanol injection is very painful.

(b)  When  using  the  sclerotherapy  technique  for  arteriovenous  malforma-

tions, an arterial catheter is used to angiographically localize the target 

lesion and monitor progress.

(c)  Angiographic catheters are not used when treating venous or lymphatic 

malformations.

(d)  The  area  of  the  lesion  is  localized  by  palpation,  by  using  ultrasonic 

localization, or in the case of AVM, by contrast injection in the feeding 

artery for roadmap guidance.

(e)  For an AVM, the lesion can be treated by puncturing the artery close to 

the nidus, the nidus itself, or the proximal vein close to the nidus.

(f)  For venous or lymphatic malformations, the ideal puncture site is the 

larger cavernous spaces within the lesion.

(g)  The  skin  overlying  the  lesion  is  prepared  and  draped  and  local 

 anesthetic  injected  intradermally  at  the  site  of  the  expected  needle 

puncture.

(h)  A 22 gauge spinal needle is inserted and the tip placed at the expected 

depth of the lesion.

(i)  The stylet is removed and checked for return.

(j)  Reposition the needle if good return is not obtained.

(k)  Bright  red  pulsatile  blood  is  obtained  when  an  AVM  is  punctured, 

dark blue blood in venous malformations, and straw-colored or slightly 

bloody fluid in lymphatic malformations.

(l)  Once  good  return  from  the  needle  is  seen,  perform  test  injections 

of  contrast  through  the  needle  and  obtain  a  digital  subtraction 

angiogram.

(m) Study the images to ensure that the needle is in a vascular space, and 

that it fills the lesion. Estimate the rate and volume required to opacify 

the territory that is to be occluded.

(n)  If the flow is extremely rapid, consider placing a coil or two through the 

needle to slow the flow. Ten system fibered coils will pass through a 22 

gauge needle; 18 system coils will pass through thin-wall 19 gauge or any 

18 gauge needle.

(o)  Most  cases  will  not  require  coils,  especially  if  the  flow  can  be  manually 

slowed  by  manual  compression  of  the  draining  veins,  or  by  placement 

over the area of a compressive O-ring affixed to the skin over the lesion.

(p)  Perform  a  repeat  contrast  injection  for  an  angiogram  when  venous 

outlets are compressed, to document the change in flow and check the 

rate and volume required to opacify the lesion.

(q)  For venous and lymphatic malformations, a second needle may be used 

to puncture another part of the now contrast-filled malformation. This 

second  needle  allows  drainage  of  fluid  from  the  lesion  as  the  ethanol 

is injected to remove the diluting blood or fluid and reduce the risk of 

over-pressurizing  the  lesion  with  ethanol  and  creating  leakage  back 

along the needle.18

(r)  Flush the needle with saline, since ethanol can cause contrast to pre-

cipitate. It is usually easiest to attach a short extension tubing to the 

needle, and a one-way stopcock to the end of the tubing, to control back-

bleeding through the needle.

(s)  Inject  absolute  ethanol  at  a  rate  similar  to  that  which  opacified  the 

vessel, but use only approximately 50% of the volume of contrast used.

(t)  If a second needle is positioned in the lesion, remove its stylet and let it 

back-bleed during the ethanol injection to relieve the pressure within it.

(u)  Wait  a  few  minutes  while  maintaining  pressure  on  the  veins  and 

occluding  the  flow  from  the  needles  by  closing  the  attached  stopcock 

and/or the re-insertion of the stylet.

(v)  Let  at  least  5 min  elapse,  then  release  the  pressure  on  the  veins  and 

check  for  back-bleeding  from  the  injected  needle.  If  rapid  return  is 

obtained, inject another dose of ethanol equal to 50% of the volume of 

contrast needed to opacify the lesion.

(w) After waiting another 5 min, again check for return from the needle. If 

still  brisk,  repeat  the  contrast  injection.  If  the  vessel  remains  patent, 

inject another small bolus (1 or 2 ml) of ethanol, and wait again.
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(x)  If  spasm  is  seen  on  repeat  test  injections,  wait  until  it  resolves  and 

decrease the volume of ethanol boluses.

(y)  If blanching or discoloration of the skin is seen, stop the ethanol injec-

tions to prevent ischemic damage to the skin.

(z)  After  a  few  boluses  have  been  given,  wait  at  least  5–10 min  between 

ethanol injections before checking for patency of the vessel.

 (aa)   If no change after 20 ml of ethanol, consider placement of additional coils 

to slow the flow and help the ethanol work, or try nBCA as the embolic 

agent.

 (bb)  Remember that ethanol can work on the endothelium for some time and 

can also spread through the vessel wall into the adjacent tissues, so it is 

best to keep the ethanol volumes to a minimum.

 (cc)   To  minimize  local  tissue  damage,  it  is  best  to  stage  the  procedure 

rather  than  attempting  to  cure  the  lesion  with  a  single  session. 

Maximum recommended ethanol dose per session is 1 ml kg−1 body 

weight.18,19

 (dd)  When the puncture cavity appears to be thrombosed, wait another 5 min 

and then remove the needle and hold manual pressure for approximately 

5–10 min or when hemostasis is obtained.

 (ee)  If only a few ml of ethanol has been injected, a second needle puncture 

(use a new needle) and additional ethanol injections may be done.

 (ff)  It is time to stop when swelling or discoloration at the puncture site is 

seen or if the ethanol dose gets over 20–30 ml, and absolutely if 1 ml kg−1 is reached.

5.  Particulate embolization technique

(a)  Most all particles are used in a similar fashion for extracranial emboli-

zation.

(b)  To avoid major problems with particles clogging the microcatheter, use 

one of the larger lumen over-the-wire types of microcatheters.

(c)  The microcatheter tip must be close to the lesion being embolized, in a 

stable position distal to normal branches.

(d)  Safe positioning is confirmed with a superselective angiogram via the 

microcatheter,  possibly  also  with  pharmacological  provocative  testing 

as necessary.

(e)  Choose a particle size depending on the size of the vessels in the target 

lesion.  In  general,  tumors  with  a  capillary  bed  are  treated  with  par-

ticles  less  than  300 µm  in  diameter,  and  AVMs  require  particles  over 

300 µm.

(f)  If there is concern about potential cranial nerve supply from the vessel 

being embolized keep the particles larger than 300 µm.

(g)  Mix  the  particles  with  dilute  contrast  and  draw  up  the  emboli  in  a 

labeled 10-ml syringe. This acts as a reservoir for emboli.

(h)  The  particles  should  be  fairly  dilute  to  limit  the  risk  of  clogging  the 

microcatheter.

(i)  Attach  the  syringe  to  one  female  connection  on  a  high-pressure  3-way 

stopcock and attach a labeled 3-ml luer-lock syringe to the other female 

connection. This syringe is used to inject the embolic mixture through 

the microcatheter.

(j)  The stopcock is then attached to the hub of the microcatheter.

(k)  The  stopcock  is  turned  to  connect  the  10-  and  3-ml  syringes,  and  the 

contrast/emboli mixture is flushed into the 3-ml syringe and then back 

into the 10-ml syringe, back and forth several times, to ensure uniform 

suspension of particles.

(l)  The 3-ml syringe is then filled with 1–2 ml of the emboli suspension.

(m) Obtain a blank roadmap in order to have subtracted fluoro.

(n)  Under fluoroscopic guidance, slowly inject the emboli in small ( 0.2 ml) 

increments  and  ensure  that  the  contrast  freely  flows  from  the  micro-

catheter tip.

(o)  Increase  or  decrease  the  rate  of  injection,  depending  on  the  speed  of 

runoff away from the microcatheter.

(p)  Every  3–5 ml  of  embolic  suspension,  or  sooner  if  emboli  are  seen  to 

collect  in  the  hub  of  the  microcatheter,  disconnect  the  3 ml  syringe 

and  reconnect  another  labeled  3 ml  syringe  filled  with  dilute  50:50 

contrast.

(q)  Gently  flush  the  microcatheter  with  the  contrast  under  fluoroscopy, 

remembering that the microcatheter is still full of emboli.

 

282                  8.4. Endovascular technique                                                                  EXTRACRANIAL EMBOLIZATION

(r)  As long as a good runoff of contrast is seen, reconnect the 3-ml embolic 

syringe, refill it with embolic mixture, and continue to inject emboli.

(s)  When the 10-ml syringe is empty, consider obtaining a control superse-

lective angiogram via the microcatheter to see whether the flow pattern 

is changing.

(t)  Especially  with  AVMs  it  may  require  some  time  and  a  considerable 

amount of emboli to occlude a feeder.

(u)  If an entire vial of emboli is injected with no change in the flow pattern, 

consider modifying the flow with a coil or two, or switching to a different 

embolic agent.

(v)  Avoid creating reflux of the embolic mixture back along the microcath-

eter when injecting. Slow or stop the injections if reflux is seen.

(w) If resistance is encountered during the injections, stop, disconnect the 

3-ml embolic syringe and check the hub of the microcatheter. If emboli 

are  bunched  up  in  the  hub,  it  may  be  possible  to  rinse  them  out  with 

a  needle  or  guidewire  introducer,  then  attempt  to  gently  flush  with 

contrast.

(x)  If  resistance  remains,  do  not  attempt  to  force  the  emboli  through  by 

a  forceful  injection,  and  do  not  use  a  1-ml  syringe  to  achieve  higher 

pressures.  Attempting  to  inject  through  a  microcatheter  clogged  with 

particles  can  cause  the  microcatheter  to  rupture  and  even  break  into 

pieces.  Certainly  the  newer,  braided  microcatheters  are  less  prone  to 

burst than are the softer, flimsier unbraided catheters, but no catheter 

is burst-proof if clogged.

(y)  When the flow in the feeder is significantly slowed, injections of emboli 

are stopped.

(z)  If more definitive closure of the vessel is desired after particle emboli-

zation,  a  coil  or  a  tiny  pledget  of  Gelfoam  may  be  deposited  to  finish 

the job.

(aa)   Be certain to gently flush out the microcatheter with contrast or saline 

before inserting a coil. Retained particles in the microcatheter can cause 

the coil to bind in the microcatheter.

(bb)   Even if the microcatheter seems free of particles, it is best to withdraw 

and discard the used microcatheter prior to attempting catheterization 

of another feeder with a new microcatheter.

6.  Silk suture embolization technique.

(a)  Procure  several  microwire  introducers.  These  can  be  used  as  delivery 

introducers for the silk suture fragments. An 18 gauge plastic intrave-

nous catheter can also be used for this purpose.

(b)  Open a sterile package of 4-O silk suture.

(c)  Insert a 5–10 mm segment of silk into the blunt, distal end of the introducer 

and cut the suture at the end of the introducer with sterile scissors.

(d)  Attach a 3-ml syringe of sterile saline to the luer-connector hub of the 

introducer and gently flush to expel air. Be careful not to flush the silk 

out of the introducer.

(e)  When  the  microcatheter  is  properly  positioned,  check  that  all  slack  is 

removed and there are no kinks. These can impede the injection of silk.

(f)  Also ensure that the RHV of the guiding catheter is just tight enough 

to prevent back-bleeding, but not too tight to pinch the microcatheter.

(g)  There should be an RHV with continuous infusion of heparinized saline 

already attached to the microcatheter hub as well.

(h)  When  ready  to  embolize,  insert  the  introducer  containing  the  silk 

suture fragment through the RHV of the microcatheter and seat it with 

its blunt tip in the hub of the microcatheter.

(i)  Inject the silk into the microcatheter with a small bolus of heparinized 

saline.

(j)  Remove the introducer from the RHV, and tighten the valve of the RHV.

(k)  Flush the microcatheter with heparinized saline using a 3 ml or larger 

syringe  to  flush  the  silk  into  the  vessel.  There  will  be  a  build  up  of 

pressure, then a release as the silk is expelled from the microcatheter.

(l)  The  position  of  the  microcatheter  should  be  checked  fluoroscopically 

since the force of these injections can cause the tip to move.

(m) Periodic contrast injections are done via the microcatheter to check for 

changes in the flow.

(n)  It may take several silk fragments to produce an effect on the flow.

(o)  Consider using particles and/or coils in conjunction with silk to facili-

tate occlusion.
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(p)  Avoid using a 1-ml syringe for flushes or test injections, since it gener-

ates sufficient pressure to rupture most microcatheters.

(q)  If the microcatheter does not flush easily, it may be clogged by the silk.

(r)  In  some  cases,  a  clogged  microcatheter  may  be  unclogged  by  passing 

a  coil  pusher  through  it,  but  in  most  cases  it  must  be  removed  and 

another microcatheter used to re-access the vessel to be embolized.

(s)  The  end-point  for  embolization  may  be  difficult  to  assess,  since  silk 

induces a slow thrombosis that may unpredictably occlude the vessel, so 

frequent test injections of contrast should be done, to prevent refluxing 

emboli proximally from the occluded vessel.

8.  Detachable balloon technique

This  discussion  may  be  primarily  of  historic  interest  for  practitioners  in  the 

United States until FDA approval is achieved.

(a)  Choose a balloon diameter that is slightly larger than the space intended 

for occlusion.

(b)  Bench-test the balloon by inflating it with sterile water using a blunt-

tip 25 gauge needle attached to a 3-ml syringe.

(c)  Insert the needle very carefully into the valve of the balloon and inflate 

0.1–0.3 ml, but to no more than the rated volume of the balloon.

(d)  Withdraw the needle and confirm that the balloon remains inflated. If 

not discard it and obtain another balloon.

(e)  Assuming  the  balloon  can  remain  inflated,  re-insert  the  blunt  needle 

and deflate it, making sure to tilt the balloon to remove any air bubbles 

as the water is aspirated.

(f)  Inflate  the  balloon  with  an  approximately  iso-osmolar  contrast  solu-

tion.  Visipaque™  270  (iodixanol  (GE  Healthcare,  Princeton,  NJ)  is  a 

convenient choice.

(g)  Attach  an  RHV  with  a  one  way  stopcock  to  an  appropriate  balloon 

delivery microcatheter. In general, the outer diameter of the tip should 

be less than 2 French.

(h)  Flush the RHV and microcatheter with iso-osmolar contrast.

(i)  Preload a microwire, stiff end first, into the microcatheter and advance 

it  just  to  the  catheter  tip.  The  wire  should  be  small  enough  such  that 

contrast can be injected through the microcatheter around the wire.

(j)  Carefully  load  the  prepared  balloon  onto  the  microcatheter.  It  may 

deflate somewhat as the microcatheter enters its valve.

(k)  Keeping  a  contrast  syringe  attached  to  the  open  stopcock  on  the  RHV, 

slowly withdraw the wire, injecting contrast to fill the dead-space of the 

microcatheter.

(l)  Insert the wire, soft end first, back into the microcatheter after forming 

the desired curve on its tip.

(m) Advance it to the tip of the microcatheter, but do not advance it into the 

balloon.

(n)  Attach a torque device to the microwire.

(o)  A  very  large-lumen  guide  catheter  (or  90-cm  sheath)  large  enough 

to  accept  the  balloon  and  another  balloon  catheter  should  be  in  the 

brachiocephlic artery supplying the lesion to be embolized. A 7 French 

Shuttle™  (Cook  Medical,  Bloomington,  IN)  works  for  many  balloon 

sizes.

(p)  A  two  headed  RHV  (or  2  RHVs  in  tandem)  is  attached  to  the  guide 

catheter.

(q)  The balloon-tipped microcatheter is carefully inserted into one RHV, and 

a second, non-detachable balloon such as a Hyperform™ (ev3, Irvine, CA) 

is carefully inserted in the other RHV.

(r)  Alternatively, each balloon can be inserted in a separate, smaller guide 

catheter inserted via a separate groin puncture.

(s)  The two balloons are carefully navigated into the vessel.

(t)  If possible, advance the detachable balloon catheter without inflation of 

the balloon to the desired site.

(u)  It may be possible to turn he tip of the microcatheter by rotating the wire 

inside it.

(v)  Avoid entering the balloon with the wire, since it may damage or prema-

turely detach it.

(w) In some cases it may be necessary to inflate the balloon slightly to let the 

flow carry it forward.

(x)  Never pull back on a partly or fully inflated balloon: It may detach inad-

vertently.
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(y)  The  second  balloon  can  sometimes  be  used  to  facilitate  proper 

positioning  of  the  detachable  balloon.  It  can  be  inflated  next  to  the 

detachable balloon to nudge it into a turn, or can be inflated distal to 

a fistula, to direct all the flow, and the detachable balloon directly to 

the fistula.

(z)  When the balloon is in its desired location, the second balloon should be 

positioned  proximal  to  the  detachable  balloon  and  slightly  inflated  to 

control the flow.

(aa)   The  detachable  balloon  is  then  fully  inflated.  Remember  that  flow 

tends to carry balloons forward as they are inflated. The balloon should 

therefore be slightly proximal to the desired position before inflation, or 

proximal flow should be stopped by fully inflating the proximal nonde-

tachable balloon.

 (bb)   Contrast injections via the guide catheter are done to confirm that the 

desired position and occlusion have been achieved.

 (cc)    If not, the balloon should be deflated, moved to the desired position, then 

re-inflated.

 (dd)   When the desired position is confirmed, one could do a test occlusion, if 

necessary (see Chap. 6, Provocative Testing)

 (ee)    When the operator is confident that it is safe to proceed, the balloon may 

be detached. This is sometimes more difficult than it sounds.

 (ff)  Inflate the non-detachable balloon fully just proximal to the detachable 

balloon. This can help stabilize it.20

 (gg)   Slowly,  steadily,  pull  back  on  the  microcatheter,  continuously  watching 

the  inflated  balloon.  Silicone  balloons  may  slide  back  in  the  vessel  as 

traction is put on the microcatheter if insufficiently sized for the vessel 

or if no proximal support balloon is used.

 (hh)   A  coaxial  catheter  like  the  guide  catheter  itself  may  sometimes  be 

advanced up along the microcatheter just proximal to the balloon, to act 

as a stabilizer for the balloon as it is being detached.

  (ii)   The valve side of the balloon can often be seen to stretch as the micro-

catheter  is  pulled  back,  then  relax  suddenly  as  the  valve  slides  off  the 

microcatheter and the balloon detaches.

  (jj)   It is generally a good idea to place a second balloon (aka “safety balloon”) 

or some microcoils adjacent to the first balloon to ensure a stable occlu-

sion if the valve leaks.

9.  Pushable coil technique

(a)  Large  lumen  over-the-wire  microcatheters  must  be  used.  In  general, 

most 18-system fibered coils need at least a 0.017-in. diameter lumen.

(b)  When the microcatheter is properly positioned, check that all slack is 

removed and there are no kinks. These can impede the placement of 

the coil.

(c)  Also ensure that the RHV of the guiding catheter is just tight enough to 

prevent back-bleeding, but not too tight to pinch the microcatheter.

(d)  There should be an RHV with continuous infusion of heparinized saline 

already attached to the microcatheter hub as well.

(e)  Select an appropriately sized coil to fit in the vessel tightly.

(f)  For  very  high-flow  states,  or  when  precise  coil  positioning  is  required, 

consider using a detachable coil first.

(g)  When  ready  to  embolize  with  the  pushable  coil,  insert  the  introducer 

containing  the  coil  through  the  RHV  of  the  microcatheter  and  seat  it 

with its blunt tip in the hub of the microcatheter.

(h)  Carefully push the coil into the microcatheter with the plunger supplied 

by  the  manufacturer.  As  an  alternative,  most  coils  can  be  injected  into 

the microcatheter using a small bolus of heparinized saline.

(i)  Remove the introducer from the RHV, and tighten the valve of the RHV.

(j)  To  flow-inject  smaller  (up  to  10-mm  long)  microcoils,  inject  the  micro-

catheter with heparinized saline using a 3 ml or larger syringe to flush 

the coil into the vessel. This can be monitored fluoroscopically.

(k)  To deposit the coil in a more controlled fashion, a coil pusher should be 

utilized.

(l)  Do not use a guidewire to push a coil because it may over-ride the coil, 

and possibly wedge it in the microcatheter.

(m) The authors of this handbook like the TruPush® (Cordis Neurovascular, 

Miami  Lakes,  FL)  for  18-system  coils  and  the  Pusher  10  (Boston 

Scientific, Natick, MA) when a smaller, 10-system coil is used in a 10-sys-

tem microcatheter.
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(n)  Do not push the tip of the coil pusher beyond the tip of the microcatheter. 

The relatively stiff pusher can traumatize the vessel.

(o)  Place additional coils to achieve the desired occlusion.

(p)  If a coil does not pass easily through the microcatheter, there may be a 

sharp turn or kink in the microcatheter. Gently pulling it back slightly, 

or occasionally pushing it forward may relieve the obstruction.

(q)  The  position  of  the  microcatheter  should  be  checked  fluoroscopically 

since the placement of the coils and any catheter manipulation can dis-

place the tip of the microcatheter.

(r)  Periodic  contrast  injections  are  done  via  the  microcatheter  to  check  or 

changes in the flow.

(s)  It may take several coils to produce an effect on the flow.

(t)  In  high-flow  fistulae,  consider  using  a  liquid  embolic  agent  (glue  or 

Onyx®) to fill spaces between coils and produce a secure occlusion

10.  Detachable coil technique

(a)  Use  of  detachable  coils  is  discussed  in  excruciating  detail  in  the 

Intracranial Aneurysms Procedure Chap. 5.

(b)  These coils require the use of 150-cm long, two tip marker over-the-wire 

microcatheters.

(c)  As  a  general  rule,  deposit  coils  in  the  vascular  structure  to  be  occluded 

beginning from the area most distal to the point of endovascular access to 

the structure. Embolize from distal-to-proximal to avoid burning bridges.

(d)  Also, another general rule is to start with the biggest coil diameter and 

longest length first.

(e)  Especially  in  the  case  of  a  high-flow  fistula,  it  is  best  to  start  with  a 

detachable  coil,  oversized  to  the  diameter  of  the  vessel  being  occluded. 

If it does not appear stable, do not detach it. Remove it and try a larger 

diameter coil or a 3D configuration coil.

(f)  Sometimes it helps to get a loop or two in a side branch or sharp curve in 

the vessel to stabilize it.

(g)  Once one coil adequately frames the vessel and is stable, detach it.

(h)  Place additional detachable coils to further frame and fill the space. The 

softest possible coils work best to pack tightly into the space available.

(i)  If  the  microcatheter  has  a  large  enough  lumen,  it  may  be  helpful  to 

intersperse  some  fibered  coils  to  induce  thrombosis.  Be  careful  not 

to  displace  the  microcatheter  with  the  stiffer  coils  or  jam  the  coils  in 

the catheter, and use detachable fibered coils instead of pushable coils 

whenever  possible,  to  improve  the  precision  and  controllability  of  the 

occlusion.

(j)  Continue to pack coils in the venous structure to be occluded. Alternate 

between  ultrasoft  coils  to  fill  small  spaces  and  fibered  coils  to  promote 

thrombosis.

(k)  For  a  large  vesselor  high-flow  fistula,  it  will  take  many,  many  coils  to 

block  the  flow.  Consider  using  a  liquid  embolic  agent  to  complete  the 

occlusion.

(l)  Periodic arteriograms during the procedure will indicate when the flow 

in the treated vessel slows and finally stops.

11.  Stent placement for AVF technique

(a)  Use of stents for aneurysm coiling is discussed in excruciating detail in 

the Intracranial Aneurysms Procedure Chap. 15.

(b)  Prior  to  any  stent  procedure,  it  is  usually  recommended  to  start  clopi-

dogril 75 mg daily for at least 3 days preprocedure, and continue for 3–6 

months post-procedure.

(c)  The  Neuroform™  or  Jostent®  requires  the  use  of  300-cm  long,  0.014 

wires. Enterprise™ does not.

(d)  Size the stent appropriately for the parent artery (usually a little wider 

than the parent artery) and for the lesion being stented (usually at least 

4 mm coverage on either side of the lesion).

(e)  Flush  the  stent  delivery  system  with  heparinized  saline  prior  to  inser-

tion in the guide catheter.

(f)  As a general rule, the wire is first placed quite distal to the lesion being 

stented by the first navigation of a standard microcatheter distal to the-

lesion, then, after the placement of the 300-cm wire (with a J-shaped tip) 

the microcatheter is carefully removed, leaving the wire in place.

(g)  Always keep the wire tip in view and ensure that it stays in a larger ves-

sel and does not injure the vessel wall.
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(h)  Especially in the case of a high-flow fistula, it is best to have distal wire 

access to provide support.

(i)  Slowly, carefully advance the stent delivery catheter (for Neuroform™ or 

Jostent®) over the wire, gently pulling back on the wire to make sure the 

tip remains in a stable position.

(j)  Once the stent is in position, remove any slack in the wire and stent deliv-

ery catheter. This is critical for obtaining easy and accurate  deployment.

(k)  Perform  a  follow-up  arteriogram  by  a  contrast  injection  via  the  guide 

catheter.

(l)  If the stent is not in proper position, change the position and repeat the 

arteriogram.

(m) When a good position is achieved across the lesion, the stent is ready for 

deployment.

(n)  For  a  Neuroform™,  the  stent  is  deployed  by  stabilizing  the  inner  sta-

bilizer as the outer stent delivery catheter is pulled back, exposing the 

stent.

(o)  The  stent  delivery  catheter  can  then  be  removed,  and  a  microcatheter 

navigated  through  the  stent  into  the  fistula.  Coiling  of  the  fistula  can 

then proceed.

(p)  Consider  placing  a  nondetachable  balloon  (e.g.,  Hyperform™,  ev3, 

Irvine,  CA)  in  the  stent  for  inflation  as  the  coils  are  inserted.  This 

prevents  loops  of  coils  from  finding  their  way  through  the  stent  and 

into the parent artery. This is particularly important for cases in which 

many  coils  are  deployed  into  the  venous  side  of  the  fistula,  totally 

obscuring the parent artery on fluoroscopy. It is also important if liquid 

embolic agents are used on the venous side to keep them from embol-

izing the artery.

(q)  If using an Enterprise, a 0.021-in. lumen microcatheter like the Prowler 

Plus™ is navigated over a suitable microwire into the vessel of interest 

and positioned with its tip approximately 1.5 cm distal to the lesion being 

covered. Always use roadmap guidance.

(r)  The microwire is removed, and slack removed from the microcatheter.

(s)  The  stent  is  mounted  on  a  delivery  wire  and  this  is  advanced  into  the 

microcatheter to the tip of the microcatheter.

(t)  The  microcatheter  can  be  moved  forward  or  backward  until  the  stent 

markers are lined up at the desired position of the stent.

(u)  If  there  is  any  question  as  to  the  proper  positioning,  a  follow-up  arte-

riogram  via  the  guide  catheter  prior  to  stent  deployment  will  confirm 

whether the markers are appropriately positioned.

(v)  The stent is deployed by slowly pulling back on the microcatheter as the 

delivery wire is stabilized to unsheathe the stent.

(w) If  it  appears  to  be  too  proximal  or  distal,  it  can  be  resheathed,  reposi-

tioned,  and  redeployed  if  not  already  deployed  more  than  70%.  Do  not 

resheathe and redeploy it more than a couple of times.

(x)  Once it is properly positioned and deployed, the stent delivery catheter 

can then be removed, and a microcatheter navigated through the stent 

into the fistula. Coiling of the fistula can then proceed.

(y)  Again,  consider  the  adjunctive  use  of  a  balloon  during  coiling  and  cer-

tainly with the use of liquid embolic agents.

(z)  If the artery involved with the fistula is larger than 4.5 mm in diameter, 

as in the cervical carotid or vertebral, the flimsy stents described above 

will  not  work.  A  larger  self  expanding  stent-system  like  the  NexStent® (Boston  Scientific,  Natick,  MA)  or  Acculink™  (Abbott  Laboratories, Abbott Park, IL) must be used.

 (aa)  The  use  of  self  expanding  stents  for  bleeding  vessels  is  similar  to  the 

placement  of  self  expanding  carotid  stents,  as  is  discussed  in  excru-

ciating  detail  in  the  Extracranial  Angioplasty  and  Stent  Procedure 

Chap. 20.

 (bb)  These  stents  require  the  use  of  6–7  sheaths,  depending  on  the  size  of 

the stent. One can usually use a 6-French Shuttle™ sheath as a guide 

catheter in most cases and position it in the vessel leading to the fistula 

site. This improves the stability of the system during stent deployment 

and also allows repeated contrast injections as necessary.

 (cc)  The stents are available in over-the-wire style, which requires a 0.014 in., 

300 cm  exchange  wire  or  the  rapid  exchange  (“RX”)  version  that  only 

requires  a  200-cm  long  wire.  Filter  wires  are  not  usually  used  for  this 
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application  unless  significant  atherosclerotic  disease  is  present  in  the 

vessel being treated.

 (dd)   Flush the delivery system with heparinized saline prior to insertion in 

the sheath.

 (ee)   The wire is first placed quite distal to the lesion being stented as dis-

cussed above.

  (ff)   Slowly, carefully advance the stent delivery system over the wire, gently 

pulling  back  on  the  wire  to  make  sure  the  tip  remains  in  a  stable 

position.

 (gg)   When  a  good  position  is  achieved  across  the  lesion,  remove  all  slack  in 

the delivery system. Now, the stent is ready for deployment.

(hh)   As in most self expanding stents, it is deployed by stabilizing the inner 

part of the delivery system then unlocking and retracting the pull-back 

handle  of  the  outer  retractable  sheath  of  the  delivery  catheter,  expos-

ing  the  stent,  and  allowing  it  to  expand.  These  stents  are  designed  to 

be incredibly simple to deploy, since rocket scientists are not the people 

usually using them.

  (ii)   When  the  stent  is  fully  expanded,  re-advance  the  outer  sheath  of  the 

delivery  catheter,  lock  it,  and  remove  the  delivery  catheter,  leaving  the 

wire in place.

  (jj)   A  microcatheter  is  then  advanced  over  the  wire,  manipulated  through 

the stent on the venous side of the fistula.

(kk)  Coiling of the fistula can then proceed.

12. Stent-graft placement for active bleeding technique

(a)  In  the  setting  of  a  massive  bleeding  from  a  carotid  blow-out  or  post-

traumatic bleeding, pretreatment with antiplatelet agents is not advis-

able. Most practitioners would load the patient with clopidogril (usually 

300–600 mg) only after the stent placement and only after the bleeding 

has stopped.

(b)  A  proximal  balloon  placed  via  a  second  guide  catheter  placed  via  a 

second  groin  puncture  could  be  placed  to  reduce  any  active  bleeding. 

Alternatively,  external  packing  may  control  the  bleeding  while  the 

endovascular  procedure  is  underway.  In  a  dire  situation,  someone  may 

need  to  manually  compress  the  bleeding  site  until  it  is  controlled,  but 

their  hands  will  be  exposed  in  the  X-ray  field  and  potentially  make 

fluoroscopic imaging difficult.

(c)  Size the stent-graft appropriately for the parent artery (usually a little 

wider than the parent artery) and for the lesion being stented (usually 

at least 4 mm coverage on either side of the lesion).

(d)  Obtain a good roadmap mask that shows the bleeding site to be treated 

and also the vessel proximally and distally as much as possible.

(e)  Consider placing an external radio-opaque marker over the bleeding site 

to ensure coverage by the stent-graft even if the patient moves.

(f)  As a general rule, a 0.014 in., 300 cm exchange wire is first placed quite 

distal  to  the  lesion  being  stented  by  the  first  placement  of  a  standard 

microcatheter, then, after the placement of the wire (with a J-shaped tip) 

the microcatheter is carefully removed, leaving the wire in place. Great 

care must be taken taken not to traumatize the bleeding vessel during 

this process.

(g)  Always keep the wire tip in view and ensure that it stays in a larger ves-

sel and does not injure the vessel wall.

(h)  Slowly,  carefully  advance  the  stent  delivery  catheter  over  the  wire, 

gently pulling back on the wire to make sure the tip remains in a stable 

position.

(i)  Once  the  stent  is  in  position,  remove  any  slack  in  the  wire  and  stent 

delivery  catheter.  This  is  critical  for  obtaining  easy  and  accurate 

deployment.

(j)  If a proximal guide catheter is in place, perform a follow-up arteriogram 

by a contrast injection via the guide catheter.

(k)  If the stent is not in proper position, change the position and repeat the 

arteriogram.

(l)  When a good position is achieved across the neck of the lesion, the stent 

is ready for deployment.

(m)  For  a  Jostent®,  the  stent  is  deployed  by  slowly  inflating  the  balloon 

under roadmap guidance to match the size of the parent artery. Do not 

exceed the maximum recommended pressure, and be careful not to dis-

rupt the site of bleeding.
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(n)  When it appears that the stent is opened up to the proper size, deflate 

the  balloon  and  carefully  disengage  it  from  the  open  stent.  It  may  be 

stuck  to  the  stent  and  may  require  another  inflation/deflation  cycle  to 

free it up. Be careful not to move the stent when trying to pull back on 

the balloon.

(o)  Once the balloon is deflated and disengaged, perform a follow-up arterio-

gram via the guide catheter.

(p)  If the stent is not fully apposed to the vessel wall, re-insert the balloon 

into  the  stent  and  attempt  to  dilate  further.  Do  not  exceed  maximum 

pressure for the balloon. If necessary, the balloon could be exchanged for 

a  new  low-compliance  coronary  angioplasty  balloon  sized  to  the  vessel 

diameter and no longer than the stent.

(q)  Remember that the outer diameter of the stent is more than that of the 

inner lumen, so the vessel will be dilated around the stent to a greater 

degree than expected for the size of the balloon used.

(r)  Assuming  that  the  stent  was  properly  sized  and  positioned  in  the  first 

place,  it  should  nicely  fit  the  vessel  and  occlude  the  lesion  when  fully 

deployed. If not, consider the placement of a second stent-graft.

(s)  The use of self expanding stent-grafts for bleeding vessels is similar to the 

placement of self expanding carotid stents, as is discussed in excruciating 

detail in the Extracranial Angioplasty and Stent Procedure Chap. 20.

(t)  The  Wallgraft™  or  Viabahn®  requires  the  use  of  very  large  sheaths, 

making  it  impractical  to  use  a  separate  guide  catheter  to  deploy  the 

stent.  One  can  use  a  sufficiently  large  Shuttle™  sheath  as  a  guide 

catheter  and  position  it  in  the  vessel  leading  to  the  bleeding  site.  This 

improves  the  stability  of  the  system  during  stent  deployment  and  also 

allows repeated contrast injections as necessary.

(u)  The 300-cm wire is first placed quite distal to the lesion being stented as 

discussed above.

(v)  Slowly, carefully advance the stent delivery over the wire, gently pulling 

back on the wire to make sure the tip remains in a stable position.

(w) When a good position is achieved across the lesion, the stent is ready for 

deployment.

(x)  As in most self expanding stents, the stent-graft is deployed by stabiliz-

ing the inner part of the delivery system as the outer part of the delivery 

catheter is pulled back, exposing the stent, and allowing it to expand.

(y)  The  stent  delivery  catheter  can  then  be  removed,  and  a  follow  up 

arteriogram  will  determine  whether  the  stent-graft  has  sealed  the 

bleeding site.

(z)  If the stent is not fully apposed to the vessel wall, insert an appropriately 

sized  angioplasty  balloon  into  the  stent  and  attempt  to  dilate  further. 

Use the minimum pressure required to slightly dilate the stent. Do not 

inflate the balloon outside the stent.

(aa)  Consider the placement of a second self-expanding stent or stent-graft to 

seal any continued leak.

 

8.4.5.1.     Post-procedure puncture site care

Once the procedure is completed, the catheters are removed. If systemic heparin 

was administered, obtain an ACT to see whether the patient is still anticoagulated. Protamine can be given to reverse heparin, as long as the patient is not an insulin-dependant  diabetic  or  has  other  contraindications.  The  sheath  can  be  removed  and hemostasis  should  be  obtained  by  manual  pressure.  Alternatively,  one  can  use  a closure device. The authors usually use the Perclose® Proglide™ (Abbott Laboratories, Redwood City, CA). The patient should be kept at strict bedrest with the legs extended for at least 2 h, depending on the sheath size. If a 5 French or smaller sheath was used, another  option  is  to  apply  a  Syvek  hemostatic  patch  (Marine  Polymer  Technologies, Danvers, MA) then keep the patient at bedrest for two hours.

 

8.4.5.2.      Post-procedure management

1.  Complete the neurological exam.

2.  Admit to the ICU with vital signs, neuro exams and groin checks Q 1 h.
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(a)  It is not uncommon for patients undergoing embolization procedures to 

have some pain in the area treated the evening after the procedure.

3.  IV fluids (normal saline) at 100 ml h−1 until the patient is taking oral fluids 

well.

4.  Only patients that had stent-assisted coiling or stent-graft placement should 

remain on antiplatelet therapy (clopidogril 75 mg daily for 3 months, aspirin 

80 mg  daily  indefinitely).  Other  post-embolization  patients  are  not  routinely 

treated with antithrombotic agents.

5.  After embolization of high flow AVF or active bleeding it is advisable to closely 

monitor the blood pressure post procedure.

6.  Most patients after embolization for tumors or AVMs may go to surgery within 

a day or two.

7.  Those  who  do  not  have  planned  surgery  after  extracranial  embolization  pro-

cedures may be able to be discharged to home later the same day or on post-

procedure day 1.

8.  Patients undergoing embolization of tumors or AVMs involving the spinal cord 

should be observed for a few days to watch for signs of swelling and/or venous 

congestion.

9.  If  there  is  a  suspicion  of  venous  congestion,  consider  heparin  therapy.  The 

authors rarely use heparin post-procedure.

10.  Depending on the lesion treated, there may or may not be a need for routine 

radiographic  follow-up,  and  are  usually  followed  clinically  and  with  cross-

sectional imaging.

11.  Patients who underwent what was felt to be definitive treatment of a spinal 

vascular lesion should have, at least 6 months: catheter angiogram and gado-

linium-enhanced MRA. If the studies agree and there is no need for additional 

treatment, an MRA is obtained on a yearly basis indefinitely.

 

8.5.        Tips on specific disease processes

 

8.5.1.       Tips: Head and neck embolization

1.  Extracranial arteriovenous malformation (AVM)

(a)  Indications for extracranial AVM embolization include pre-operative flow 

reduction or palliation for bleeding, cosmetic deformity or pain.

(b)  Since  these  are  infiltrative  lesions  that  intimately  involve  normal 

structures,  complete  cure  is  rare,  even  with  radical  embolization  plus 

surgery.

(c)  Particle  embolization  is  effective  for  preoperative  embolization,  but  is 

less desirable for palliative treatment since the occlusion may be tempo-

rary and the clinical benefits transient.

(d)  Embolization with nBCA glue provides long-term occlusion if an intrani-

dal deposit of glue is achieved.

(e)  Transarterial embolization with the microcatheter positioning in or near 

the nidus is possible.

(f)  An  effective  way  to  occlude  the  nidus  of  superficial  AVMs  is  a  direct 

puncture and embolization with glue16 17  or sclerotherapy with ethanol.

(g)  Flow control with either transarterial embolization or percutaneous nee-

dle injections can be achieved by direct external compression of external 

draining veins during the glue or ethanol injection.

(h)  In patients whose external carotid arteries have been previously ligated 

in a desperate attempt to treat the lesion, embolization may still be pos-

sible by a direct needle puncture of the feeding vessels and embolization 

with glue distal to the ligation.10

(i)  A more complicated solution is to surgically reconstruct the ligated ves-

sel, which can be a reasonable option if ischemic symptoms are present 

in the territory distal to the ligation.21

(j)  Especially when using the liquid embolic agents, extreme care should be 

taken  not  to  allow  the  occlusive  agent  to  enter  dangerous  anastamoses 

to  brain,  spinal  cord,  or  eye.(see  Chap.  1  for  descriptions  of  the  many 

anastamoses)
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(k)  It  is  also  important  to  keep  glue,  ethanol,  or  even  small  (less  than 

300 µm)  particles  out  of  the  vessels  supplying  cranial  nerves,  by  doing 

provocative  testing,  if  possible,  or  at  least  keeping  the  embolic  agent 

strictly within the nidus.

(l)  It is also important to keep liquid embolics or small particles out of cuta-

neous branches of the superficial temporal or facial. That can result in 

severe pain and ischemic injury to the skin that can cause blistering and 

necrosis.

(m) The bottom line with these extracranial AVMs: Less is more. Do not be 

too aggressive and the risk of complications will be reduced.

2.  Superficial venous and lymphatic malformation

(a)  These lesions are usually cosmetic problems that were present at birth 

and can usually be accurately diagnosed on MRI imaging.

(b)  The  lack  of  a  bruit  or  palpable  pulsations  differentiates  these  lesions 

from an AVM.

(c)  Unlike AVMs, there is absolutely no role for transarterial embolization of 

any kind. Sadly, the authors have seen too many patients who have been 

mis-diagnosed and previously treated by transarterial embolization with 

absolutely no benefit.

(d)  Percutaneous sclerotherapy and/or laser treatments and/or surgical exci-

sion are the effective treatments.17

3.  Extracranial arteriovenous fistula (AVF)

(a)  Congenital head and neck AVF are rare, but often present with a pulsa-

tile mass and may have high-output cardiac failure. They seem to have a 

predilection for arising from the internal maxillary artery.22, 23

(b)  These congenital AVFs were previously treated with detachable balloons, 

but more recently, transarterial embolization using GDC coils and glue 

has been successful. 24

(c)  The goal is to occlude the fistula directly because proximal occlusion is 

destined to fail thanks to the generous facial collaterals.

(d)  In high-flow AVFs, care must be taken to size the coils (or balloon) large 

enough to prevent passage through the fistula into the veins, and eventu-

ally into the lungs.

(e)  Post-traumatic and post-surgical AVFs in the head and neck can occur in 

a wide variety of locations and the treatment depends on the symptoms 

and vascular anatomy.

(f)  In  an  expandable  vessel,  such  as  an  external  carotid  branch,  coil  and/

or glue occlusion of both the fistula and parent artery, or trapping may 

be an option. If at all possible, the fistula and proximal vein should be 

occluded to prevent the possibility of collateral flow maintaining the pat-

ency of the fistula.

(g)  If thoroughly disrupted and in the presence of adequate collateral flow 

to the brain, trapping to occlude carotid or vertebral fistulae can also be 

done after test occlusion. Detachable coils or detachable balloons (where 

available) are the usual embolic agents.

(h)  Sporadic reports of stent-grafts to treat carotid or vertebral AVFs have 

shown the devices are effective in occluding the fistula and maintaining 

the  flow  in  the  parent  artery,  at  least  acutely.25–27  However  long-term patency of these devices is unknown.

(i)  Vertebral  venous  AVF  are  usually  post-traumatic,  but  may  be  spon-

taneous,28,  29  especially  in  children,  or  those  with  underlying  vascular fragility syndromes such as Ehlers Danlos or neurofibromatosis.

(j)  Vertebral venous AVF can often be treated with balloons or coils on the 

venous side of the fistula preserving flow. 30, 31

4.  Bleeding

(a)  Idiopathic epistaxis

●   Endovascular treatment for nosebleeds usually consists of superse-

lective catheterization with particle embolization of the nasal ves-

sels, usually the sphenopalatine arteries.

●   The  authors  plead  against  use  of  coil  embolization  for  idiopathic 

epistaxis: They only block access for later re-embolization when the 

inevitable collateral vessels allow bleeding to return.

●   Rarely,  post-traumatic  epistaxis  may  be  associated  with  vessel 

disruption  and  pseudoaneurysm  formation  for  which  coil  place-

ment and/or glue injection at the site of vessel disruption may be 

appropriate.
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●   A  study  of  70  patients  embolized  for  epistaxis  showed  86%  had 

effective relief of bleeding, and only one had a serious neurological 

complication.

●   Other series with over 100 patients has up to 17% acute complica-

tion rate for epistaxis embolization and 1–2% long-term deficits.32, 33

●   Complications  can  be  minimized  by  careful  attention  to  angi-

ographic anatomy and awareness of dangerous anastamoses.

●   Provocative testing with amobarbital and lidocaine prior to emboli-

zation is an added safety factor.5

●   Always check the contralateral sphenopalatine artery angiographi-

cally, even if the bleeding is obviously unilateral, because there can 

be  side-to-side  collaterals.34  The  authors  frequently  embolize  the contralateral  sphenopalatine  in  all  cases,  just  to  be  certain,  but 

use large (at least 500 µm) particles to minimize the risk of nasal mucosal necrosis.

●   Ethmoidal branches from the ophthalmic may be the cause of treat-

ment  failure  after  embolization  of  the  internal  maxillary  artery. 

There has been a case report of using embolization of the ophthal-

mic for epistaxis35 but this is decidedly not recommended due to the risk to vision and the availability of a fairly easy and safe surgical 

procedure to ligate these vessels.

●   Accessory meningeal arteries may also rarely be a source of bleed-

ing in epistaxis and can be embolized.36

●   A  review  of  embolization  compared  to  internal  maxillary  liga-

tion  suggested  that  ligation  was  more  effective  and,  although  the 

complications were more frequent than for embolization, the major 

complications of embolization (stroke) were more serious.37

●   In  some  centers,  endoscopic  ligation  of  the  sphenopalatine  artery 

is becoming a minimally invasive, safe, and effective first choice for 

the treatment of epistaxis. 38

●   Embolization may become a second line choice after a failed endo-

scopic  ligation,  or  where  the  expertise  for  endoscopic  ligation  is 

unavailable.

(b)  Post-traumatic and post-surgical bleeding

●   The  considerations  for  treating  post-traumatic  or  post-surgical 

bleeding are very similar to those described for post-traumatic and 

post-surgical  AVF  (above).  The  main  difference  is  that  there  is  a 

much  more  acute  sense  of  urgency  to  occlude  active  bleeding  as 

opposed to the more controlled situation of an AVF.

●   A  general  rule  is  that  disrupted,  bleeding  vessels  should  be 

occluded definitively, except in cases when an obvious major neuro-

logical deficit would be expected.

●   For  quick,  definitive  closure  of  the  bleeding  vessels,  the  main 

endovascular  tools  needed  are  detachable  balloons  (if  available), 

detachable (preferably fibered to speed thrombosis) coils (for larger 

vessels) or nBCA glue (for smaller vessels).

●   Consider the use of a proximal balloon catheter to control bleeding 

while catheterization and embolization is going on.

●   For  disruption  of  carotid  or  vertebral  arteries,  the  use  of  stent-

assisted  coiling  of  any  pseudoaneurysm  may  be  an  option  for 

subacute  to  chronic  lesions  that  have  an  organized,  fibrotic  wall. 

However, for an acute pseudoaneurysm with active bleeding, place-

ment  of  coils  in  the  pseudoaneurysm  is  not  a  good  idea,  because 

the walls of the pseudoaneurysm may be quite friable and the coils 

will  not  prevent  further  expansion  and  bleeding  of  the  pseudoan-

eurysm.

●   If  occlusion  of  the  carotid  does  not  appear  to  be  an  option 

based  on  limited  collateral  f low  to  the  brain  or  a  positive  test 

occlusion,  stent-graft  placement  may  be  the  only  endovascular 

option.

●   Prior to any major vascular occlusion, consider the surgical options 

of vascular repair or bypass, if the anatomic location is favorable.

(c)  Bleeding tumors

●   Embolization  of  tumors  is  most  commonly  accomplished  using 

particles,  since  they  tend  to  lodge  in  the  small  vessels  of  the 

tumor  bed  and  produce  sufficient  devascularization  for  surgical 

excision.
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●   Particles may also be used in the case of actively bleeding tumors, 

but,  if  possible,  it  may  be  quicker  and  more  definitive  to  stop  the 

bleeding with nBCA glue, as long as a close microcatheter position 

is attainable and no dangerous anastamoses are present.

●   If  endovascular  microcatheter  access  to  the  bleeding  vessel  is  not 

possible,  direct  needle  puncture  and  glue  injection  may  be  possi-

ble.

(d)  Carotid blow-out syndrome

●   The term carotid blow-out has been used to indicate catastrophic, 

sudden  bleeding  from  the  carotid  in  patients  after  surgical  treat-

ment for head and neck malignancy.39

●   In popular jargon the term often refers to any sudden, spontaneous 

bleeding from the carotid.

●   It  occurs  in  5%  or  fewer  cases  of  advanced  cancer  patients  after 

surgery and does not seem to be necessarily related to preoperative 

radiation therapy 40 although anecdotally, it may be seen soon after radiation therapy.41

●   In  any  case,  it  tends  to  occur  in  patients  whose  carotid  may  be 

minimally covered by healthy connective tissue.

●   Carotid  blow-out  is  one  of  the  most  urgent  situations  imaginable, 

since  patients  can  bleed  to  death,  often  drowning  in  their  own 

blood, in minutes.

●   The airway should be secured by intubation, if not already done.

●   The  bleeding  site  is  packed  to  control  bleeding  and  emergent 

angiography is helpful if there is time, since often the exact site of 

bleeding may be uncertain.

●   A  large  caliber  sheath  should  be  placed  to  maximize  options  for 

devices.

●   In  patients  that  are  not  actively  bleeding  at  the  time  of  the  arte-

riogram,  pseudoaneurysm  is  the  usual  angiographic  sign  of  the 

bleeding site.42

●   Parent  artery  occlusion  is  the  usual  treatment,  unless  the  collat-

eral flow is limited by angiographic criteria. Test occlusion could be 

performed if the patient is clinically stable.

●   Delayed  ischemic  complications  occur  in  15–20%  of  cases  with 

carotid  occlusion,  so  there  is  greater  interest  in  stent-graft  place-

ment for carotid blow-out.9

●   Results  with  self-expanding  stent-grafts  is  promising,  but  long-

term  patency  rates  are  unknown.  In  a  series  of  three  patients 

treated  for  carotid  with  stent-grafts  two  became  thrombosed  and/

or exposed.43

●   The disorder can be a long-term problem since multiple episodes of 

massive bleeding were encountered in 26% of patients with carotid 

blow-out. 44

5.  Extracranial vascular tumors

(a)  Juvenile nasopharyngeal angiofibroma

●   This is a hypervasular tumor in young boys that usually presents 

with  nasal  bleeding  and  nasal  obstruction.  In  females,  hemangi-

opericytoma can have a similar clinical presentation.

●   Angiographically,  these  show  an  intense  tumor  blush  supplied 

mainly  by  the  distal  internal  maxillary  artery  branches  with 

variable contributions from the accessory meningeal, and ascend-

ing  pharyngeal.  Larger  tumors  may  be  fed  from  the  petrous  and 

cavernous  carotid  branches,  the  middle  meningeal,  and  even  the 

transverse facial.

●   Preoperative particle embolization of the feeding arteries is effec-

tive in reducing blood loss, especially in larger tumors.45

●                                                                                            46 Vision  loss  from  central  artery  embolization  and  facial  nerve 

palsy47  have  been  reported  as  a  complication  of  angiofibroma embolization.  This  emphasizes  the  need  for  careful  attention  to 

technique,  vigilance  for  dangerous  anastamoses,  and  the  use  of 

provocative testing.

●   Direct  tumor  needle  puncture  and  embolization  with  glue  is  an 

option  for  these  tumors. 48  Tumors  may  have  feeders  from  the carotid, potentially allowing retrograde flow of glue to the carotid, 

so constant vigilance for visualization of dangerous collaterals dur-

ing the glue injection is mandatory.

EXTRACRANIAL EMBOLIZATION                                                8.5. Tips on specific disease processes                  293

(b)  Paragangioma (aka chemodectoma, glomus tumor)

●   These include glomus jugulare, glomus tympanicum, carotid body 

tumors, glomus vagale, or rare paragangliomas of the larynx, orbit, 

paranasal sinuses, or elsewhere in the head and neck.

●   The  jugulare,  tympanicum,  carotid  body,  and  vagale  tumors  all 

tend to have dominant vascular supply from one or more branches 

of the ascending pharyngeal artery.

●   On angiography, these lesions have an intense tumor blush, often 

with some arteriovenous shunting.

●   When  they  become  very  large,  it  is  sometimes  difficult  to  decide 

from which location it arose. It may have intracranial, even intra-

dural  extension,  usually  in  the  posterior  fossa,  with  blood  supply 

from  the  anterior-inferior  cerebellar  artery  or  other  intracranial 

branches in the posterior fossa.

●   The primary indication for endovascular treatment is preoperative 

embolization. Very rarely, inoperable lesions may be embolized in 

an effort to slow the progression of the tumor.

●   Embolization  is  usually  accomplished  using  particle  embolization 

from  a  transarterial  route.49  Given  the  usual  blood  supply  from vessels with a dominant supply to cranial nerves, it is prudent to 

perform provocative testing before embolization. If a deficit occurs 

with lidocaine injection, one can still embolize with larger particles 

(over 300 µm).

●   The vascular tumor may be directly punctured with a needle and 

injected with nBCA glue to devascularize it.12–14, 50

●   Direct puncture with glue embolization still carries a risk of stroke 

through reflux of glue into carotid branches.51

●                ® Onyx embolization of both the arteries and veins may provide even 

greater  hemostasis  for  the  surgeon  removing  large  paraganglio-

mas.52

(c)  Other vascular tumors.

●   Very  vascular  metastases  and  other  rare  tumors  in  the  head  and 

neck can undergo preoperative embolization.

●   Transarterial particle embolization is most commonly done for any 

lesion with a capillary bed to trap small particles.

●   Rarely, direct puncture with glue injection may be done when arte-

rial access is difficult.12, 14

●   Large hemangiomas of the head and neck (usually in infants) can 

develop  platelet  consumption  in  the  Kasabach-Merritt  syndrome. 

Along with the medical treatment using corticosteroids and alpha-

interferon,  transarterial  embolization  can  help  control  the  coagu-

lopathy associated with this rare disease.53, 54

 

8.5.2.       Tips on spinal embolization

(a)  Type I spinal dural arteriovenous fistula (dAVF)

●   Particle embolization of fistulae has been shown to be a temporary solu-

tion, and recurrence is by far the rule, not the exception.55, 56

●   Glue embolization is much more effective, with 55% improvement in gait 

and 15% recurrence rate.57

●   A contra-indication for embolization is a spinal cord feeder arising from 

the same radicular artery supplying the fistula in approximately 6% of 

cases. 58

●   Endovascular  treatment  consists  of  full-column  nBCA  injection  in  the 

radicular artery feeding the fistula with glue dilute enough to be pushed 

through the fistula into the intradural vein.

●   The  authors  frequently  place  a  microcoil  in  the  lumbar  or  intercostal 

feeder  beyond  the  radicular  branch,  to  prevent  the  glue  from  entering 

muscular branches and causing pain.

●   Post-embolization CT confirming intradural venous location of the glue 

column  seems  to  be  a  good  way  to  predict  who  will  have  a  long-term 

cure.59

●   Either surgery or endovascular treatment helps with gait disability, but 

not for bladder dysfunction if the symptom duration prior to treatment 

is over a year. 60
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●   Several  groups  advocate  an  attempt  at  endovascular  treatment  first, 

reserving surgical treatment for unsuccessful embolization.61, 62

●   Close  clinical  and  imaging  follow-up  is  needed  in  all  spinal  fistula 

patients. Recurrence of symptoms after apparently successful treatment 

should prompt a full angiographic workup, since collaterals may enlarge 

to supply the fistula and even remote new fistulae may develop.58

(b)  Type II spinal intramedullary AVM

●   High-quality spinal angiography must be carefully studied to determine 

all arterial feeders, the relationship with normal spinal cord vessels and 

associated intranidal aneurysms.

●   A good rule of thumb is to not treat the lesion until the complex anatomy 

is thoroughly understood and a plan of action has been formulated.

●   Slow  PVA  particle  embolization  has  been  advocated  for  intramedullary 

AVMs.63, 64

●   The  endpoint  of  particle  embolization  can  be  objectively  determined  by 

the serial provocative testing (stop when it becomes positive) and serial 

pressure  measurements  from  the  microcatheter  (stop  when  it  rises  to 

90% of systemic pressure).8

●      Lesions embolized with particles frequently recanalize.55, 65

●   Embolization with nBCA may give more effective and safer treatment in 

experienced hands.1, 66

●   Monitoring with SSEP and MEP as well as provocative testing prior to 

any embolization is very helpful in reducing complications.1, 6, 7, 67

●   Catheterization  of  the  nidus  with  a  flow  directed  microcatheter  is  the 

goal, with a careful full column glue injection after a negative provoca-

tive testing.

●   Aneurysms associated with the AVM should be specifically targeted for 

embolization to reduce the risk of AVM bleeding. 68

●      Reports of embolization of intramedulary AVMs with Onyx       have a ®69, 70

37% acute cure rate, 82% good clinical result and no neurological proce-

dural complications in an initial series of 17 patients.

●   A  study  of  functional  and  emotional  quality  of  life  in  spinal  cord  AVM 

patients after embolization showed significantly worse scores compared 

to  patients  with  post-traumatic  spinal  cord  problems.71  This  suggests that  further  improvements  in  treatment  of  these  patients  are  neces-

sary.

(c)  Type III juvenile AVM

●   These  diffuse  AVMs  with  cord  and  segmental  spinal  and  paraspinal 

nidus are difficult to treat, or at least to cure, but are extremely rare.

●                                                                                     ® Palliative  embolization  with  glue  or  Onyx  for  symptom  reduction  has 

been sporadically reported.72, 73

(d)  Type IV perimedullary AVF

●   These  are  rare  perimedullary  fistulae  without  an  intervening  nidus, 

usually presenting with progressive myelopathy. They can have multiple 

arterial  feeders  and  prominent  congestion  of  the  perimedullary  veins 

that can make the angiographic pictures challenging to figure out.

●   As  with  all  spinal  vascular  malformations,  high  quality  spinal  angiog-

raphy  and  a  though  visualization  and  understanding  of  the  vascular 

anatomy and pathology are mandatory before considering treatment.

●   Pre-operative embolization via a transarterial route has been successful 

and reported in several small series.74–77

●   Surgical treatment is often used for easily accessible fistulae along the 

posterior aspect of the cord and for those in which embolization failed to 

occlude the fistula. 78, 79

●   AVM  or  AVF  of  the  conus  medularis  or  filum  terminale  is  usually  best 

treated surgically.66, 79

●   For the large fistulae (so-called Type IV-c) occasionally one can do trans-

venous  coil  occlusion  of  the  fistula  either  via  a  standard  trans-femoral 

venous  approach78  or  though  an  intra-operative  access  to  the  dilated veins.80

●   Primary  endovascular  treatment  for  giant  fistulae  with  detachable 

balloons in ten patients reported six good clinical results and one com-

plication  caused  by  migration  of  the  balloon  into  the  draining  vein.81 In  the  United  States,  detachable  balloons  are  currently  not  an  option, 

however.

●   A French group uses glue via transarterial embolization with 67% angi-

ographic  cure,  22%  transient  neurological  deficits,  but  improvement  in 
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all at follow-up.82 The group reports stable clinical improvement even if complete angiographic cure is not obtained.83

●   For  the  high  flow  fistulae,  a  highly  concentrated  glue  preparation  is 

needed.

●   Careful and complete angiographic follow-up is needed in these patients, 

since they can develop co-existing separate Type-1 dural fistulae, likely 

acquired due to the venous hypertension.84

(e)  Epidural and paraspinal AVF

●   These  are  rare  congenital  or  acquired  fistulae  often  presenting  with 

radiculopathy,  but  occasionally  with  myelopathy  if  venous  drainage 

backs up into the spinal cord veins.85, 86

●   Treatment may be transarterial embolization, or surgical interruption of 

the radicular veins that provide the conduit for arterialized blood to the 

intradural veins.

(f)  Spinal vascular tumors:Pre-operative embolization

●   Hemangioblastoma  of  the  cord  is  sporadically  reported  to  benefit  from 

preoperative embolization.87, 88

●   Hemangioblastomas  in  the  thoracolumbar  region  underwent  preopera-

tive  particle  embolization  with  transient  worsening  myelopathy  in  1/4 

cases treated.89

●   Primary bone lesions (e.g., aneurysmal bone cyst) are rare, but can ben-

efit from preoperative particle embolization.

●   Vascular  tumors  in  the  spinal  region,  most  commonly  metastatic  renal 

cell cancer or less commonly thyroid cancer seem to benefit greatly from 

preoperative embolization with particles.90–92

●      Vigilant angiographic search for coexistant or collateral supply from the 

feeding vessels to spinal cord vessels should be done and serial provoca-

tive  testing  with  clinical  and/or  SSEP  and  MEP  monitoring  can  reduce 

the risk of inadvertent passage of emboli to the spinal cord circulation.91

●   Symptomatic spinal osseous hemangiomas may benefit from transarte-

rial  preoperative  embolization93  or  percutaneous  vertebroplasty  that involves  injection  of  polymethyl  methacrylate  (PMMA)  via  a  large-bore 

bone biopsy needle into the lesion.94

●   Hemangiomas in the spine may also be treated with direct needle punc-

ture  and  ethanol  injection,  but  volumes  should  be  kept  below  15 ml  to 

prevent complications.95

 

8.6.        Complications: Avoidance 

and management

 

8.6.1.       Complications of extracranial 

embolization

Informed consent prior to any interventional procedure must include a discussion 

of  the  risk  of  complications.  Published  reports  of  series  of  embolization  procedures should not be relied on to indicate the true risk of complications. It is human nature to  rush  to  publicize  good  results  and  gloss  over  the  bad.  Especially  in  the  case  of extracranial  embolization,  the  procedures  are  widely  varied  in  the  techniques  and agents  used  and  territories  involved,  so  results  and  complications  of,  for  example, epistaxis  embolization  with  particles  cannot  be  used  to  predict  results  from  facial AVMs with nBCA. The operator’s personal experience and complication rates should also be disclosed if known.

8.6.1.1.      Neurological complications

1.  A risk of thromboembolic complications from clot formation, causing cerebral or 

spinal cord ischemia.

2.  Stroke, blindness, or spinal cord infarct may occur from reflux of embolic mate-

rial or passage through dangerous anastamoses.
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3.  Cranial nerve defect can occur with embolic material entering the blood supply 

to the nerve.

4.  In  spinal  AVM  or  AVF,  passage  of  emboli  into  the  veins,  or  even  thrombosis 

induced  by  the  embolization  may  worsen  venous  congestion  of  the  cord  and 

cause worsening symptoms.58, 81

5.  Large  AVFs  with  large  draining  veins  may  swell  and  compress  neural  struc-

tures after embolization.

6.  Access  complications  may  occur  with  dissection  of  access  vessels,  specifically 

the common carotid or subclavian.

7.  Microcatheters or wires may fracture and become an embolus.

8.  When using glue, the microcatheter may be glued in place and/or the catheter 

may break and become an embolus to an intracranial vessel.

8.6.1.2.     Nonneurological complications

1.  Embolization of superficial vessels in the head and neck can result in ischemia 

and necrosis of skin, mucosa, or other tissues.

2.  In high-flow AV fistulae embolic agents might embolize to the pulmonary cir-

culation.

3.  Anaphylactoid  reactions  to  iodinated  contrast  or  any  of  the  medications  used 

can occur as with any endovascular procedure.

4.  Similarly, groin hematomas or other groin arterial injury can occur, as in any 

endovascular procedure.

5.  Deep venous thrombosis and pulmonary embolism can occur.

6.  Anesthesia-related complications can occur if using general anesthesia.

 

8.6.2.  How to avoid extracranial embolization 

complications in ten easy steps

1.  Obtain  and  study  the  angiographic  evaluation  of  the  lesion  and  surrounding 

structures to have a clear understanding of the anatomy and pathology in the 

case.

2.  Carefully  study  superselective  microcatheter  arteriograms  obtained  prior  to 

embolization  to  look  for  reflux  into  normal  territories  or  filling  of  dangerous 

anastamoses.

3.  One  should  familiarize  oneself  with  the  devices  that  will  be  used  during  the 

case, particularly if it is a device not commonly used (like stent-grafts or detach-

able balloons).

4.  Always  pay  attention  to  basic  technique,  including  flushing  technique,  check 

heparinized saline infusions, and be gentle with all device manipulation.

5.  In awake patients do provocative testing with amobarbital and lidocaine.

6.  Even  when  using  general  anesthesia  in  spinal  embolization  cases  use  neuro-

physiological monitoring and provocative testing.

7.  When embolizing with any agent, inject no faster than was done for the contrast 

injection during the superselective microcatheter arteriogram.

8.  Immediately stop if reflux occurs or if different vessels (potentially dangerous 

anastamoses) appear.

9.  Periodic guide catheter or microcatheter contrast injections for arteriograms to 

monitor progress during the case and to decide when to stop.

10.  Always pay attention to the patient: their vital signs, neurological function, any 

neurophysiological monitoring, and comfort level. It is all too easy to expend all 

of one’s attention on the procedural aspects and forget the person underneath 

the sterile drape.
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9.1.        Thrombolysis for acute stroke: 

General considerations

 

The elements of successful thrombolysis for acute stroke are:

1.  Rapid evaluation and decision making

2.  Careful patient selection

3.  Rapid and effective pharmacologic or mechanical thrombolysis

Speed is critical. Any potential candidate for thrombolysis should be approached with an eye towards administering IV t-PA, or getting the patient on the angio suite table as soon as possible. The overall strategy consists of the following steps:

1.  Make a correct diagnosis of acute ischemic stroke and determine the time of onset.

2.  Focus on the patient examination, essential tests, and imaging.

3.  For IA cases:

(a)  Alert the angio suite technicians and nurses as soon as possible, to permit 

room and device preparation.

(b)  Obtain vascular access for the endovascular procedure as soon as possible.

●   If the patient is unable to undergo the procedure awake, he or she 

should  be  transferred  to  the  angio  suite,  placed  on  the  table,  and 

undergo  femoral  artery  sheath  placement  while  the  anesthesia 

service  is  called.  A  quick  diagnostic  angiogram  can  be  done  prior 

to  the  induction  of  anesthesia;  if  necessary,  the  catheter  can  be 

withdrawn into the aortic arch while the patient is intubated.

(c)  The  devices  and  thrombolytic  medications  should  be  obtained  and  pre-

pared early.

●   Catheters, wires, thrombolytic drugs, and other anticipated devices 

should be placed on the sterile table and prepared while the patient 

is being brought to the angio suite, or while the vascular access is 

being obtained.

(d)  A  decision  about  the  thrombolysis  technique  (i.e.,  drug  vs.  mechanical 

thrombolysis) should be made as soon as the first angiographic images 

of the craniocervical circulation are obtained.

(e)  IA thrombolysis often requires a combination of techniques (e.g., throm-

bolytic drug infusion plus angioplasty and stenting). As each maneuver 

is done, the next step should be anticipated and planned.

 

9.1.1.       The art of speed

Numerous  thrombolysis  trials  have  demonstrated  that  the  earlier  the  treatment, 

the  better  the  chance  of  a  favorable  outcome.  Treatment  within  90 min  is  superior  to treatment within 3 h,1, 2 3,   and treatment within 3 h is superior to treatment within 6 h,

4 and so on. Therefore, every ischemic stroke patient must be evaluated and treated as efficiently and swiftly as possible. The importance of speed was underscored by the scien-tific statement published by the American Heart Association in 2006 entitled “Reducing Delay in Seeking Treatment by Patients with Acute Coronary Syndrome and Stroke5”:

1.  Non-essential  tests  should  be  deferred,  and  the  treatment  methods  (i.e.,  the 

angio suite or t-PA) should be made available and prepared rapidly.

(a)  Non-essential tests, such as a CXR in most cases, should not be allowed 

to interfere with the work-up. A CXR is not necessary during the initial 

work-up for most patients with acute stroke.6

2.  According  the  2003 Guidelines  for  the  Early  Management  of  Patients  With 

Ischemic  Stroke,  patients  who  are  candidates  for  pharmacologic  thrombolysis 

should complete the CT examination within 25 min of arrival at the emergency 

department, and the study should be interpreted within an additional 20 min 

(door to interpretation time of 45 min).7
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3.  Importantly, CT perfusion examination and/or transportation of the patient to 

the angio suite should not be delayed while awaiting the blood test results.

(a)  Serum  creatinine  measurement  is  typically  required  prior  to  the  pro-

cedures  using  iodinated  contrast.  However,  the  2004 American  College of  Radiology  Manual  on  Contrast  Media  recommends  checking  of  cre-atinine only for patients who have established risk factors for contrast-

induced  nephropathy.8  The  authors  of  this  handbook  will  proceed  with CT  perfusion  and  with  angiography  in  patients  with  acute  ischemic 

stroke  prior  to  the  blood  test  results,  if  necessary,  on  the  grounds  that 

checking of creatinine is really not necessary in many patients, and that 

the benefit of rapid diagnosis and treatment justifies the relatively low 

risk of nephropathy.

(b)  Likewise,  pending  platelet  count  and  coagulation  studies  should  not 

delay transportation of the patient to the angio suite, if IA thrombolysis 

is anticipated. The endovascular procedure can be started and the vas-

cular access can be accomplished while awaiting the laboratory results.

4.  Effective triage should be implemented; elective cases and other clinic activities 

should  be  bumped  or  rescheduled  to  accommodate  the  patient  suffering  from 

acute stroke.

 

9.1.2.       Thrombolytic agents

Several  thrombolytic  agents  are  available  (Table  9.1).  Most  work  by  convert-

ing  plasminogen  to  plasmin.  The  plasmin  then  cleaves  the  fibrin  meshwork  of  the thrombus,  leading  to  lysis.  Urokinase  and  streptokinase  are  the  first-generation agents and are not fibrin- (i.e., clot) specific. Urokinase, a naturally occurring serine protease with low antigenicity, was withdrawn from the market in the United States for several years, but has recently been reintroduced. Streptokinase, an activator of plasminogen  but  not  an  enzyme,  despite  the  name,  has  limited  usefulness  because many  patients  have  pre-formed  antistreptococcal  antibodies  and  have  the  potential for  an  anaphylactic  reaction  to  this  agent.  The  second-generation  agents  are  fibrin-specific  and  include  prourokinase  (aka  pro-UK,  or  saruplase)  and  alteplase.  They have  the  drawback  of  lowering  the  levels  of  fibrinogen  and  plasminogen,  leading to  an  increased  risk  of  hemorrhagic  complications.  Prourokinase  is  a  precursor  of urokinase  and  is  converted  on  the  surface  of  the  thrombus  to  urokinase  by  fibrin-bound plasmin, resulting in superior fibrin specificity and lytic efficacy, compared to urokinase. Prourokinase has the distinction of being the agent used in the Prolyse in Acute Cerebral Thromboembolism (PROACT) trials, 9, 10 but is not currently available for clinical use in the US. Presently, t-PA is the only agent approved by the FDA spe-cifically for IV thrombolysis for ischemic stroke. The third-generation agents include reteplase  and  tenecteplase  and  offer  the  theoretical  advantages  of  longer  half-lives and greater penetration into the thrombus matrix when compared to the second-gen-eration agents. Reteplase is a deletion mutant in which the finger, epidermal growth factor,  and  kringle-1  domains  have  been  deleted  from  the  wild-type  t-PA  molecule. Tenecteplase is also a t-PA mutant.

Three  main  thrombolytic  agents  are  currently  available  in  the  United  States: 

alteplase  (Activase,  Genentech,  San  Francisco,  CA);  urokinase  (Abbokinase,  Abbott Laboratories, Abbott Park, IL); and reteplase (Retavase, Centocor, Malvern, PA). Five milligrams of alteplase are considered equivalent to 1 unit (U) of reteplase. Although each agent has its own theoretical advantages, a direct comparison of the effectiveness of these agents in acute stroke is not available. In a retrospective comparison of t-PA to  urokinase  for  IA  thrombolysis,  no  differences  in  recanalization  rates  were  found with respect to the thrombolytic agent or dosage. 11 Reversal of all thrombolytics can be done by administering fresh frozen plasma in the event of hemorrhagic complication.

Other novel fibrinolytic agents are tenecteplase and desmetoplase. Tenecteplase 

is  a  genetically  modified  form  of  t-PA,  that  has  14-fold  greater  fibrin  specificity,  a longer half-life, and 80-fold greater resistance to inhibition by plasminogen activator inhibitor type-1. 12 Treatment with tenecteplase has been found to avoid the systemic plasminogen  activation  and  plasmin  generation  commonly  seen  after  t-PA  therapy. In addition, the absence of a procoagulant effect caused by tenecteplase may reduce the risk of early reocclusion. In a pilot dose-escalation study, 75 stroke patients were treated  with  IV  tenecteplase  for  <  3 h  after  symptom  onset. 13  The  patients  were treated with one of the three doses of tenecteplase: 0.1, 0.2, and 0.4 mg kg −1. No case of symptomatic intracranial hemorrhage was observed during the first 72 h after treat-ment. Currently, tenecteplase is being evaluated in a larger phase 2 trial.
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Desmetoplase is one of the four proteases found in the saliva of the blood-feeding 

vampire  bat Desmodus  rotundus,  collectively  referred  to  as D  rotundus  salivary plasminogen activators (DSPAs). Desmetoplase is the α-1 variant among the DSPAs and  has  >72%  of  amino  acid  sequence  identity  with  human  t-PA.  DSPAα-1  induces faster and more sustained recanalization than t-PA, and produces less anti-plasmin consumption  and  fibrinogenolysis.  Furthermore,  unlike  t-PA,  DSPA α-1  does  not enhance N-methyl-D-aspartate–mediated  neurodegeneration.14  Desmoteplase  has shown promise in two phase 2 ischemic stroke trials.15, 16

Ancrod is a protease derived from Malaysian pit viper venom. In contrast to throm-

bolytic agents which act on plasminogen, ancrod produces a rapid decrease in serum fibrinogen  by  accelerating  cleavage  of  the  fibrinogen  A-[alpha]  chain.17  Reduction  in serum fibrinogen levels produces anticoagulation by depleting the substrate needed for thrombus formation. Depletion of fibrinogen also reduces blood viscosity.18

 

Table 9.1 Intra-arterial thrombolytic agents

Half-life     Intra-arterial 

(min)         dose           Description

First generation     Urokinase          14–20       500,000–          Serine protease

1,000,000 units

Second           Prourokinase      20          6–9 mg           Proenzyme precursor 

 generation          (NA)                                                 of urokinase

Alteplase (t-PA)     3–5          5–40 mg           Serine protease

Third generation    Reteplase          15–18       4–8 units          Deletion mutant of t-PA

NA Not available, t-PA Recombinant tissue plasminogen activator

 

9.1.2.1.      Patient preparation

EVALUATION

1.  History, physical, and neurological exam.

(a)  Make an accurate diagnosis and pinpoint the time of onset of the stroke 

symptoms.

●   For  patients  with  stroke  symptoms,  upon  awakening,  the  time  of 

onset is assumed to be the time the patient was last known to be 

symptom-free.

(b)  Localize the stroke symptoms and assess the severity of the stroke (see 

below: Appendix 2: NIH Stroke Scale).

●      Several conditions can mimic stroke:7

–  Seizure

–  Confusional state

–  Syncope

–  Toxic or metabolic syndromes

–  Hypoglycemia

–  Subdural hematoma

–  Brain tumor

2.  Blood test (CBC, Cr, PT, PTT).

3.  EKG

4.  Imaging

(a)  Essential: Noncontrast head CT.

●  The primary role of CT is to check for an intracranial hemorrhage, which 

is  present  in  some  15%  of  the  patients  presenting  with  acute  stroke. 

Other  potential  findings  on  CT,  such  indications  of  cerebral  ischemia, 

are secondary (see below: Primer on Imaging in Acute Stroke).

(b)  Optional but very helpful: CT perfusion/CT angiography

●   The  authors  prefer  to  obtain  a  noncontrast  head  CT  and  a  CT  per-

fusion  study  on  all  patients  suspected  of  having  an  acute  ischemic 

stroke.  Routinely  combining  a  CT  perfusion  and  CT  angiography 

study with the screening CT scan eliminates the need for two separate 

trips to the CT scanner and streamlines the decision making process.
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PRE-PROCEDURE PREPARATION

1.  IV thrombolysis cases: Obtain t-PA.

2.  IA cases: Call the angio suite and make sure that all the nurses, technicians, devices 

that may be needed are available in the angio suite prior to the procedure.

3.  Place 2 peripheral IVs.

(a)  Glucose-containing solutions should be avoided.7

4.  Place foley catheter

5.  NPO except for medications

 

9.2.        Patient selection for thrombolysis

 

The following applies mostly to patients with anterior circulation stroke; patient 

selection for basilar artery thrombolysis is discussed separately below.

 

9.2.1.       Indications

1.  Acute ischemic stroke with an onset of symptoms within 3–8 h prior to antici-

pated treatment

2.  Significant neurological symptoms (NIHSS > 4 except for patients with isolated 

aphasia or hemianopia)

3.  Other  causes  of  acute  neurological  symptoms  are  excluded  (e.g.,  intracranial 

hemorrhage,  seizures,  confusional  states,  toxic  or  metabolic  states,  and  brain 

tumors).

 

9.2.2.       Absolute contraindications

1.  Acute intracranial hemorrhage

2.  Large hypoattenuating region or mass effect on CT

 

9.2.3.       Relative contraindications

1.  Improving neurological symptoms

2.  Lacunar stroke

3.  Coma

4.  Seizure

5.  Major stroke (NIHSS >30)

6.  Recent history of surgery or intracranial hemorrhage

7.  Recent myocardial infarction19

8.  History of anaphylaxis to thrombolytic drugs or iodinated contrast media

 

9.2.4.  Decision-making: IV or IA thrombolysis?

Although IA thrombolysis is FDA-approved for the treatment of selected patients 

with  acute  ischemic  stroke,  IA  thrombolysis  has  emerged  as  a  valid  alternative  for some  patients,  depending  on  the  clinical  setting.  Selection  between  the  two  treat-ments  requires  consideration  of  a  number  of  factors  (Table  9.2).  In  brief,  the  most suitable candidates for IV thrombolysis are patients with relatively small regions of affected cerebral territory who can be treated within 3 h of symptom onset. The most suitable candidates for IA thrombolysis are those with larger vessel occlusions, who can be treated within 6–8 h of symptom onset. A detailed discussion of the factors that favor each particular approach follows the table.
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Table 9.2 Patient selection for intravenous or intra-arterial thrombolysis

IV Thrombolysis

Relative indications                   Relative contraindications

  • Symptom onset < 3 h prior to treatment       • Major stroke (NIHSS > 22)

  • Mild to moderate symptoms (NIHSS < 20)   •  Minor symptoms, such as isolated sensory 

loss, dysarthria, or ataxia

  • Small, distal vessel occlusion                  •  Improving neurological symptoms

  •  Significant territory (> 20% of affected    •  Hypertension: SBP > 185 mm Hg; DBP > 

volume) of salvageable tissue on per-           110 mm Hg

fusion imaging

  • Intolerance to iodinated contrast   •  Head trauma, prior stroke, or myocardial 

infarction within 3 months

  •  High risk for anesthesia complications (if    •  Gastrointestinal or urinary tract hemor-

use of general anesthesia is needed for          rhage within 21 days

IA thrombolysis)

  • Age < 75                                   • Major surgery within 14 days

  •  Arterial puncture at a noncompressible site 

within 7 days

  • History of previous intracranial hemorrhage

  • Evidence of active bleeding or acute trauma

  •  Blood glucose concentration < 50 mg dL−1

(2.7 mmol L−1)

  • Age > 75

  •  Early signs of ischemia on CT (>30% of 

hemisphere)

  • INR > 1.5 or platelet count < 100,000 mm 3  •  Recent history (within 21 days) of head 

injury or other trauma, major operation, 

myocardial infarction, or bleeding

IA Thrombolysis

Relative indications                   Relative contraindications

  •  Symptom onset due to ICA or MCA    •  Elongated aortic arch or otherwise difficult 

occlusion < 6–8 h prior to treatment             vascular access

  •  Symptom onset due to vertebrobasilar    •  High risk for anesthesia complications 

occlusion < 12–24 h prior to treatment (if use of general anesthesia is anticipated)

  •  Significant territory (> 20% of affected    •  Anticipated delay in beginning interven-

volume) of salvageable tissue on per-           tional procedure

fusion imaging

  • Angio suite and staff is promptly available      • Intolerance to iodinated contrast

  •  Contraindications to IV thrombolysis           • Major stroke (NIHSS > 22)

(e.g., recent surgery or head injury)

  • Accessible vascular anatomy                  • INR > 1.5

  • Concomitant arterial stenosis or dissection   •  Recent history (within 14 days) of larger 

ischemic stroke

  • Hyperdense MCA sign

  •  Suspected “hard embolus” (i.e., calcified 

debris or some other occlusive material 

that may respond better to mechanical 

embolectomy than IV thrombolysis)

  •  Failure to improve after systemic throm-

bolysis

Sources: References [7, 15, 16, 20–23]
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Subgroup analysis of the IV t-PA trials have identified a number of factors that 

predict  a  favorable  result  with  IV  thrombolysis:  NIHSS  <  1024  or  NIHSS  <  20,1,  25  a normal baseline CT scan, a normal pretreatment blood glucose level, normal pretreat-ment blood pressure,24 and age < 75.1, 25

9.2.4.2.     Patient selection for IA thrombolysis

The  clinical  criteria  for  enrollment  in  the  PROACT  studies  may  be  considered 

during  patient  evaluation  for  IA  therapy  of  acute  stroke.  The  PROACT  selection criteria  should  not  be  regarded  as  rigid  criteria  for  day-to-day  decision  making,  as they were formulated in the setting of a randomized trial, and patients with compli-cated issues, such as coexisting arterial dissection, may have confounded the results of  the  trial  and  were  necessarily  excluded.  The  leading  factor  in  patient  selection in  the  PROACT  studies  was  the  time  from  symptom  onset,  generally  within  6 h  for anterior  circulation  occlusions.  In  PROACT  II,  the  typical  interval,  from  initiation of IA infusion of thrombolytic drug to completion of recanalization, was 90–120 min; therefore, the 6-h treatment window may be viewed as an 8-h recanalization window. 10 Thus, for situations in which recanalization can be accomplished more rapidly than in  the  PROACT  trials,  such  as  with  mechanical  thrombolysis,  the  time  window  for recanalization  may  be  extended  to  8 h.  For  patients  with  basilar  artery  occlusions, IA  thrombolysis  can  be  undertaken  up  to  24 h  after  symptom  onset21,  22.  Additional clinical inclusion criteria for PROACT II were a minimum NIHSS score of 4, except for isolated aphasia or hemianopia, and ages 18–85 years.

Angiographic findings were graded according to the TIMI scale (Table 9.3). Only 

patients with angiographic evidence of complete occlusion (TIMI grade 0) or contrast penetration with minimal perfusion (TIMI grade 1) were included. Exclusion criteria for PROACT II are listed in Table 9.4.

 

Table 9.3 Thrombolysis in myocardial infarction (TIMI) scale

Grade                          Definition

0           No flow

1 Some penetration past the site of occlusion but no flow distal to occlusion

2           Distal perfusion but delayed filling in distal vessels 3           Distal perfusion with adequate perfusion of distal vessels

Source: Reference [27]

 

Table 9.4 Exclusion criteria for PROACT II

NIHSS score > 30

Coma

Rapidly improving neurologic signs

Stroke within the previous 6 weeks

Seizures at onset of presenting stroke

Clinical presentation suggestive of subarachnoid hemorrhage

Previous intracranial hemorrhage, neoplasm, or subarachnoid hemorrhage

Septic embolism

Suspected lacunar stroke

Surgery, biopsy of a parenchymal organ, trauma with internal injuries or lumbar puncture within 

30 days

Head trauma within 90 days

Active or recent hemorrhage within 30 days

(continued)
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Table 9.4 (continued)

Known hemorrhagic diathesis, baseline international normalized ratio > 1.7, activated partial 

thromboplastin time > 1.5 times normal, or baseline platelet count < 100 × 109 L−1

Known sensitivity to contrast agents

Uncontrolled hypertension defined by a blood pressure ≥ 180 mmHg systolic or ≥100 mmHg 

diastolic on three separate occasions at least 10 min apart or requiring IV therapy

CT evidence of hemorrhage, intracranial tumors except for small meningiomas, significant mass 

effect from the infarction, and acute hypodense parenchymal lesion or effacement of cerebral 

sulci in more than one-third of the MCA territory

Angiographic evidence of arterial dissection, arterial stenosis precluding safe passage of a 

microcatheter into the MCA, nonatherosclerotic arteriopathy, no visible occlusion, or occlusion 

of an artery other than the M1 or M2 segments of the MCA

Source: Reference [10]

 

The  TIMI  scale  is  limited  by  not  considering  occlusion  location  or  collateral 

circulation;  Qureshi  and  colleagues  introduced  an  alternative  classification scheme  for  acute  ischemic  stroke  that  incorporates  these  angiographic  findings (                   26 Table 9.5 ).

 

Table 9.5 Qureshi grading system for acute ischemic stroke a

Grade 0      No occlusion

Grade 1        MCA occlusion (M3 segment)       ACA occlusion          1 BA/VA branch 

(A2 or distal              occlusion segments)

Grade 2        MCA occlusion (M2 segment)       ACA occlusion          ≥ 2 BA/VA branch 

(A1 and A2              occlusions segments)

Grade 3        MCA occlusion (M1 segment)

3A           Lenticulostriate arteries spared 

and/or leptomeningeal collaterals 

visualized

3B           No sparing of lenticulostriate 

arteries nor leptomeningeal 

collaterals visualized

Grade 4        ICA occlusion (collaterals            BA occlusion (partial 

present)                             filling direct or via 

collaterals)

4A                                                     a Collaterals fill MCA Anterograde filling

4B                                                    a Collaterals fill ACA Retrograde filling

Grade 5        ICA occlusion (no collaterals)        BA occlusion 

(complete)

ACA Anterior cerebral artery, BA Basilar artery, ICA Internal carotid artery, MCA Middle cerebral artery, VA Vertebral artery

aThe predominant pattern of filling (Source: Reference [26])

 

9.3.  Intravenous thrombolysis for acute 

ischemic stroke

 

Intravenous  t-PA  is  currently  the  only  FDA-approved  treatment  for  acute 

ischemic stroke in selected patients.
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1.  Infuse 0.9 mg kg−1 (maximum of 90 mg) over 60 min with 10% of the dose given 

as a bolus over 1 min.

(a)  Mnemonic  for  remembering  the  dose:  0–9–9–0  (0.9 mg  kg −1  for  max 

90 mg)

2.  Admit the patient to the ICU or a stroke unit.

3.  Neurological exam Q 15 min during the infusion and Q 30 min for next 6 h, then 

Q 1 h for a total of 24 h after treatment.

4.  Vital signs Q 15 min for first 2 h, Q 30 min for 6 h, and Q 1 h for a total of 24 h 

after treatment. Maintain SBP < 180 mm Hg and SBP < 105 mm Hg.

(a)  Antihypertensive medication regimen:

• Labetalol  10 mg  IV  over  1–2 min;  may  repeat  every  10–20 min  as 

needed  to  a  maximum  dose  of  300 mg.  Alternatively,  start  with  a 

labetalol bolus and use an infusion of 2–8 mg min −1.

• If  blood  pressure  is  not  controlled,  start  an  infusion  of  sodium 

nitroprusside at 0.5 mg kg−1 min.

5.  Discontinue the infusion (if the drug is still being given) and obtain a head CT 

if the patient develops severe headaches, acute hypertension, nausea.

6.  Avoid placement of NG tubes, foley catheters, or intra-arterial catheters.

 

9.3.1.1.  Ultrasound augmentation of IV thrombolysis

Transcranial  transcranial  Doppler  (TCD)  can  augment  IV  thrombolysis. 

Ultrasound  can  induce  reversible  changes  in  the  thrombus  fibrin  mesh,  creating microstreams  of  plasma  through  the  thrombus  and  accelerating  the  transport  and penetration  of  t-PA  into  the  clot,  resulting  in  more  complete  and  faster  clot  lysis.28 A  randomized  trial  of  2 MHz  TCD  in  patients  receiving  IV  t-PA  for  MCA  occlusion showed a significantly higher rate of recanalization in the TCD group without a dif-ference in the rate of symptomatic hemorrhage. 29 TCD augmentation can be further enhanced with the addition of gaseous microbubbles.30, 31 A trial of low frequency TCD (300 KHz)  terminated  after  a  significantly  higher  rate  of  hemorrhage  was  observed in the target group.32

 

9.3.2.  Patient management after thrombolysis

1.  No anticoagulation or antiplatelet therapy for 24 h.

2.  Surveillance head CT on post-procedure day 1 to monitor for hemorrhage.

 

9.3.3.       Complications (management of 

complications is discussed below)

A  pooled  analysis  of  data  on  2,639  patients  in  15  studies  of  IV  t-PA  for  acute 

stroke, found a rate of symptomatic intracerebral hemorrhage of 5.2%.33 The rate of all  hemorrhage  (symptomatic  and  asymptomatic)  was  11.5%.  The  mean  total  death rate was 13.4%, and the proportion of patients achieving a very favorable outcome was 37.1%. Other reported risks associated with IV thrombolysis include:

1.  Hemi-orolingual angioendema occurs in 1.3–5.1% of patients.34–36

2.  Myocardial rupture may occur in patients who were given IV thrombolytics, 

within a few days of myocardial infarction (MI).19 In a series of patients receiv-ing IV thrombolysis for MI, 1.7% had a myocardial rupture. Most occurred in 

patients receiving thrombolytic within 48 h of the MI, and all were fatal.
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ischemic stroke

 

9.4.1.       Endovascular technique

Thrombolysis  cases  can  be  divided  into  an  access  phase  and  a  thrombolysis 

phase. Access consists of femoral artery puncture, brief diagnostic angiography, and placement  of  a  guide  catheter  in  the  carotid  or  vertebral  artery.  The  thrombolysis phase concerns reopening of the occluded cervical or intracranial vessel.

9.4.1.1.      Awake or asleep?

Patients with non-dominant hemisphere strokes can often tolerate emergent angi-

ography  and  thrombolysis,  with  adequate  coaching.  The  authors  have  obtained  good results even in aphasic patients with dominant hemisphere ischemic strokes, in whom the vascular anatomy was favorable, and the procedure could be accomplished swiftly. Intubation and sedation should be used in patients with posterior circulation strokes and others who simply cannot cooperate adequately. To save time, patients requiring general anesthesia should be intubated in the emergency room, or in the angio suite while vascular access is underway. A key point is that a vascular access and a diagnos-tic angiogram can be accomplished prior to the induction of anesthesia, if necessary.

9.4.1.2.      Access phase

1.  Patient is placed on the angiography table.

2.  The right or left groin is prepped, draped, and infiltrated with local anesthesia.

3.  A 6 F sheath is placed in the femoral artery.

(a)  Use of a micropuncture set may reduce the risk of potential bleeding at 

the puncture site.37

4.  A  focused  diagnostic  angiogram  is  obtained  using  a  diagnostic  catheter.  The 

objectives are to confirm the diagnosis of a major arterial occlusion and to map 

out the pertinent anatomy.

[image: ]

(a)  Cervical AP and lateral views 

of the involved carotid or ver-

tebral  artery,  and  intracra-

nial  AP  and  lateral  views  of 

the  affected  arterial  system 

are usually all that is neces-

sary.

•      Additional     vessels 

should  be  imaged  only 

if  they  can  be  cath-

eterized  rapidly.  A 

complete  four-vessel 

angiogram, if time per-

mits, can provide infor-

mation about collateral 

circulation  and  filling 

of  vessels  distal  to  the 

acute occlusion.             Fig. 9.1 Stroke-o-gram. Capillary phase 

(b)  An  aortic  arch  angiogram  of ICA angiogram showing a filling defect 

can  be  helpful  in  patients  in the parietal region, corresponding 

who  are  elderly  and  have  a  to an occluded distal MCA branch in a 

tortuous aortic arch. patient with an acute ischemic stroke. 

(c)  If  the  occluded  intracranial  The contrast has been dialed up and 

artery  is  difficult  to  dis- the brightness turned down of this DSA 

cern, then a “stroke-o-gram”  image to accent the region of filling defect 

can  be  helpful  (Fig.  9.1).                   (arrowheads).
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Manipulation  of  the  contrast  and  brightness  of  the  digital  subtraction 

image of the intracranial capillary phase of the arteriogram can make the 

affected brain territory more apparent.

(d)  In patients with posterior circulation stroke, imaging of the ipsilateral 

subclavian  artery,  or  the  innominate  artery,  may  identify  proximal 

lesions.

5.  The  diagnostic  catheter  is  then  exchanged  for  a  6  F  guide  catheter,  which  is 

placed as high as possible in the cervical carotid or vertebral artery.

(a)  The authors of this handbook usually prefer to exchange the diagnos-

tic  catheter  for  a  guide  catheter  over  an  exchange-length  hydrophilic 

wire.

•      Catheter options:

–  Envoy® (Cordis Neurovascular, Miami Lakes, FL)

(a)  Advantages: Relatively rigid, provides a good platform 

in  tortuous  vessels,  large  internal  lumen.  Good  choice 

in many stroke patients, as they tend to be elderly and 

have ectatic vessels.

(b)  Disadvantages: Stiff, sharp-edged tip.

–  Guider Softip™ XF guide catheter (Boston Scientific, Natick, 

MA).

(a)  Advantages:  Soft,  atraumatic  tip.  Minimizes  risk  of 

vasospasm and dissection in narrow, tortuous vessels.

(b)  Disadvantages: Relatively flimsy, prone to fall into the 

arch when the vasculature is tortuous.

–  Merci guide catheter – if use of the Merci device is planned.

–  A  6  F  90 cm  sheath  (e.g.  Shuttle®  sheath,  Cook  Inc., 

Bloomington,  IN),  if  extracranial  carotid  angioplasty  and 

stenting is anticipated, in combination with thrombolysis.

(b)  Alternatively,  to  save  time,  a  guide  catheter  can  be  advanced  into  the 

carotid  or  vertebral  system  primarily,  and  be  used  for  the  initial  diag-

nostic angiogram. This strategy is usually the most successful in younger 

patients with straightforward anatomy.

•      A 6 F Simmons 2 Envoy® (Cordis Neurovascular, Miami Lakes, FL) 

catheter can be advanced primarily into the common carotid artery 

in patients with tortuous anatomy. Disadvantage: less stable than 

other  guide  catheters  which  can  be  placed  in  the  upper  cervical 

internal carotid artery.

 

HEPARIN OR NO HEPARIN?

Some operators use full systemic heparinization for all intracranial interventions. 

In the setting of thrombolysis for acute stroke, systemic heparin may exacerbate poten-tial  bleeding  related  to  thrombolytic  enzyme  infusion.  The  authors  of  this  handbook prefer to reserve systemic heparin for selected cases, usually in which there is stasis of flow caused by the guide catheter. If IV heparin is given, a 2,000 unit bolus and a 500 unit per hour infusion is commonly used, and a syringe containing protamine is kept on the back table for emergent use, should hemorrhage occur during the case.

9.4.1.3.      Thrombolysis phase

Once  the  guide  catheter  is  in  position,  a  good  “working  view”  is  obtained.  The 

working  view  should  be  under  high  magnification  and  should  demonstrate  the occluded  vessel,  as  well  as  a  clear  intravascular  path  to  the  occlusion,  clearly.  It  is also  important  to  keep  the  guide  catheter  in  view  on  at  least  one  projection  (PA  or lateral) during the whole procedure, to permit correction of the guide catheter, should the  catheter  be  pushed  down  (which  is  not  uncommon)  or  become  unstable  during passage of the microcatheter.

 

DEVICE SELECTION

1.  Microcatheter

(a)  The choice of microcatheter depends on two factors: How difficult micro-

catheter  access  is  likely  to  be,  and  whether  thrombolytic  drug  infusion 

alone is planned, or if mechanical thrombolysis in combination with drug 

infusion is anticipated.
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•                             ™ The UltraFlow microcatheter (ev3, Irvine, CA) is relatively easy to 

maneuver in tortuous anatomy and into distal vessels. It requires a 

small microwire and cannot be used with a snare.

•     If the use of a snare is anticipated, requiring an ID ≥ 0.018 in., then 

the following microcatheters will work:

– Rapid Transit ™ microcatheter (Cordis, Miami Lakes, FL) – Prowler ™ Plus microcatheter (Cordis, Miami Lakes, FL) – Excelsior ™ 1018 microcatheter (Boston Scientific, Natick, MA)

2.  Microwire

(a)  A  relatively  soft-tipped  microcatheter  should  be  used,  to  minimize  the 

chance  of  vessel  perforation.  Stiffer  microwires  should  be  avoided.  The 

authors’ preferred microwires for most stroke cases:

•                 ™                                                                            ™ Mirage  0.008 in.  (ev3).  Good  for  use  with  the  UltraFlow  micro-

catheter.

•      J-tipped Headliner® 0.012 in. (Microvention/Terumo) •      Synchro®-14 0.014 in. (Boston Scientific, Inc., Natick, MA) • Transend™ EX 0.014 in. Soft Tip (Boston Scientific, Inc., Natick, MA)

 

PHARMACOLOGICAL THROMBOLYSIS

1.  Microcatheter technique and infusion of thrombolytic.

(a)  Form a J-shape at the tip of the microwire.

(b)  Using a road map, gently navigate the microwire into the occluded vessel 

and into the region of occlusion. Try to avoid jabbing small perforating 

vessels as the microwire is advanced.

(c)  Once the microwire tip is in or slightly beyond the region of occlusion, pin 

the microwire and carefully advance the microcatheter tip into the region 

of occlusion.

• Advance  the  microcatheter  tip  for  a  distance  likely  to  be  distal  to 

the embolus or thrombus. This point is typically at the next branch 

point  of  the  occluded  vessel  (e.g.,  in  M1  occlusion,  the  embolus  is 

often lodged in the vessel at the MCA bifurcation).

(d)  The  microwire  is  then  withdrawn,  and  a  microcatheter  angiogram  is 

obtained to clarify the extent and position of the occlusion.

(e)  The  microcatheter  is  then  drawn  back  into  the  occluded  portion  of  the 

vessel and the thrombolytic agent is injected through the microcatheter. 

Each  injection  is  given  slowly,  over  several  minutes.  After  each  dose  is 

given,  the  microcatheter  is  gradually  withdrawn  through  the  area  of 

occlusion, in order to distribute the thrombolytic agent within the clot.

(f)  A guide catheter angiogram is done after each dose of the agent is admin-

istered  to  track  the  progress  of  thrombolysis,  and  to  monitor  for  vessel 

perforation by looking for contrast extravasation. Periodic microcatheter 

angiograms can be helpful too.

(g)  Mechanical  thrombolysis  maneuvers  can  be  done  to  supplement  drug 

infusion (see below)

2.  Choice of thrombolytic drug

(a)  The authors of this handbook prefer to use whichever thrombolytic agent 

can  be  obtained  and  prepared  quickly.  Although  they  each  have  advan-

tages and disadvantages, no particular agent has been found to be supe-

rior to the others in direct comparison. Each agent is listed in Table 9.1.

3.  When to stop

(a)  The  procedure  is  complete  once  recanalization  of  the  vessel  has  been 

obtained or when the maximum dose of the thrombolytic agent has been 

administered and all other maneuvers, such as mechanical thrombolysis, 

have  been  undertaken.  Another  signal  to  stop  is  any  sign  of  possible 

hemorrhage, such as severe headache or nausea, or an abrupt change in 

blood pressure or heart rate (although patients can expect a bad head-

ache after any intracranial thrombolysis procedure).

•      Migrating clot. In some cases the large vessel thrombus may break 

up  and  migrate  into  distal  branches.  The  temptation  in  this  situ-

ation, is to chase the clot into the distal branches and continue to 

infuse  thrombolytic.  However,  occluded  distal  branches  will  often 

recanalize  spontaneously  after  successful  reopening  of  the  proxi-

mal vessel, due to increased flow in the vessels and after the distal 

branches have incubated for a period of time with the thrombolytic 

agent  that  is  already  present.  Also,  it  is  generally  not  worth  the 
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added risk to continue to infuse additional thrombolytic drug, after 

the larger vessels have been reopened.

•      Reocclusion.  Reocclusion  of  a  vessel,  such  as  an  M1  segment,  is 

not uncommon after thrombolysis. This may be due to vasospasm, 

a platelet-rich thrombus, pre-existing atherosclerosis, or an iatro-

genic dissection. Options are:

–  IA  infusion  of  nitroglycerin,  30–60 mcg,  into  the  affected 

area. The vessel will usually reopen quickly, if vasospasm is 

present.  This  can  be  effective  as  a  diagnostic  maneuver  as 

well as a therapeutic one.

–  Addition  of  an  antiplatelet  agent,  such  as  a  GP  IIB/IIIA 

inhibitor. Pharmacological and mechanical thrombolysis can 

disrupt  the  endothelium  and  cause  the  formation  of  a 

platelet-rich thrombus. Angiographic evidence of this may be 

present, such as a fluffy filling defect in the region of reocclu-

sion. IA or IV infusion of an antiplatelet agent may dissolve 

the clot, however, this will increase the chance of hemorrhagic 

complications.  The  wisdom  of  adding  an  antiplatelet  agent 

should  be  weighed  against  the  cost  of  continued  reocclusion 

of the vessel.

–  Atherosclerotic  stenosis  or  a  dissection  can  be  treated  with 

intracranial  angioplasty  and  stenting.  Again,  these  maneu-

vers  increase  the  risk  of  bleeding  and  should  be  used  only 

when  the  weight  of  the  evidence  indicates  that  the  reocclu-

sion will be long-lasting and clinically significant. See below, 

Associated Intracranial Stenosis + Stroke.

9.4.1.4.      Postprocedure care

1.  The  femoral  artery  sheath  may  be  left  in  place  while  the  thrombolytic  drug 

wears off, and removed later.

2.  A head CT scan is obtained to check for hemorrhage.

3.  The  patient  is  admitted  to  the  intensive  care  unit  for  observation  and  blood 

pressure control.

 

MECHANICAL EMBOLECTOMY

An array of mechanical thrombolysis techniques exist, which may be employed as 

an alternative to or in combination with pharmacological thrombolysis:

1.  Merci® Retriever: Discussed separately below.

2.  Snares. Microsnares can be used to retrieve foreign bodies, such as detached coils 

or catheter fragments, or to treat acute ischemic stroke. Although snare-retrieval 

of  intracranial  arterial  thrombi  can  be  done,38–41  the  authors  of  this  handbook prefer  to  use  snares  in  combination  with  a  fibrinolytic  drug,  to  break  up  the 

thrombus and increase the surface area available for lysis. Other authors have 

found the device to most useful in the treatment of basilar artery occlusion. 42

(a)  Devices

•                                       ® Amplatz Goose Neck microsnare (ev3, Irvine, CA). Available sizes: 

2, 4 and 7 mm.

•      Microcatheter.  Any  microcatheter  with  an  ID ≥  0.018 in.  is  large 

enough. The following microcatheters will work:

–  Rapid Transit ™ microcatheter (Cordis, Miami Lakes, FL) –  Prowler™ Plus microcatheter (Cordis, Miami Lakes, FL) –  Excelsior™ 1018 microcatheter (Boston Scientific, Natick, MA)

(b)  Techniques

•                            41 Clot  retrieval .  The  microcatheter  is  positioned  so  that  the  tip  is 

just  proximal  to  the  occlusion.  A  snare  with  a  diameter  slightly 

larger  than  the  occluded  vessel  is  advanced  out  of  the  microcath-

eter so that the loop of the snare is opened fully. The microcatheter 

is  then  pushed  together  with  the  snare  into  the  clot.  The  snare 

is  then  pulled  back  into  the  microcatheter,  so  that  only  a  small 

portion  of  the  snare  can  be  seen  outside  of  the  microcatheter  tip 

on  fluoroscopy.  The  microcatheter  and  snare  are  then  withdrawn 

several  centimeters  into  a  relatively  straight  segment.  A  guide 

catheter  angiogram  is  done  with  gentle  injection  of  contrast,  to 
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avoid  disengaging  of  the  thrombus.  If  the  clot  is  caught  in  the 

snare,  the  microcatheter  and  snare  are  withdrawn  as  a  unit  into 

the guide catheter, and suction is applied to the proximal end of the 

guide catheter with a 60 mL syringe to permit removal of the snare 

and microcatheter from the patient, without disengaging the clot.

•      Clot  maceration.  The  microcatheter  is  positioned  in  the  occluded 

vessel and the thrombolytic drug is infused. If guide catheter angi-

ograms  show  persistent  occlusion,  the  microcatheter  is  advanced 

past the occlusion and a 4 mm snare is deployed. The microcatheter 

and  snare  are  then  gently  withdrawn  so  that  the  snare  is  within 

the  thrombus.  The  microcatheter  and  snare  are  then  withdrawn 

through  the  embolus  or  thrombus  in  back-and-forth  movements, 

to  macerate  the  clot  and  increase  the  surface  area  available  for 

pharmacologic thrombolysis.

3.  The  Alligator™  Retriever  device.  This  is  a  claw-like  micro-forceps  deliverable 

though  a  microcatheter  works  well  to  grasp  and  retrieve  misplaced  coils  and 

other intravascular foreign bodies. It can also be used to retrieve thrombus.43

(a)  Devices

•      Alligator™ Retriever device. (Chestnut Medical Technologies, Inc., 

Menlo Park, CA). Available sizes: 2, 3, 4 and 5 mm. For best results, 

the nominal size should match the size of the vessel containing the 

obstructive object.

•     Microcatheter.  Any  microcatheter  with  an  ID ≥  0.021 in.  is  large 

enough. The following microcatheters will work:

–  Merci®  18  L™  microcatheter  (Concentric  Medical,  Mountain 

View, CA)

–  Prowler™ Plus microcatheter (Cordis, Miami Lakes, FL) –  Renegade® microcatheter (Boston Scientific, Natick, MA)

(b)  Techniques

•  Clot retrieval. The microcatheter is positioned so that the tip is just 

proximal  to  the  occlusion.  An  Alligator  with  a  diameter  close  to  the 

size of the occluded vessel, is inserted into the microcatheter using the 

supplied introducer. It is then advanced to the tip of the microcatheter, 

but not yet into the vessel. Do not rotate the device. The microcatheter 

is  then  pulled  back  as  the  Alligator  wire  is  stabilized  to  unsheathe 

the jaws of the Alligator. Very carefully advance the Alligator forward 

into the clot. The microcatheter is then advanced over the stabilized 

Alligator  wire,  so  that  the  jaws  begin  to  close.  Keep  tension  on  the 

Alligator wire, but do not pull it completely into the microcatheter, as 

that will release whatever is grasped in the jaws. The microcatheter 

and Alligator are then withdrawn as a unit. Using a large-diameter 

Merci®  balloon  guide  catheter  may  also  be  useful  to  temporarily occlude the parent artery and apply suction to the proximal end of the 

guide catheter with a 60 mL syringe to permit removal of the Alligator 

and  microcatheter  from  the  patient,  without  disengaging  the  clot. 

Completely withdraw the microcatheter from the guide catheter and 

thoroughly aspirate any clot from the guide catheter. If blood does not 

freely aspirate, a large thrombus may be present and the guide cath-

eter must be removed from the patient and flushed of any debris.

•  Foreign body retrieval. The steps are the same as clot retrieval, but 

it is much easier to determine if a radio-opaque coil or other foreign 

body is effectively grasped by the Alligator by fluoroscopic imaging.

4.  Suction  thrombectomy.  Proximal  large  vessel  occlusions  can  be  treated  with 

suction thrombectomy.44–46

(a)  Technique. A 6 or 7 F guide catheter is navigated over a hydrophilic wire 

and  placed  in  the  proximal  third  of  the  thrombus.  A  60 mL  syringe  is 

used  to  aspirate  the  thrombus  while  moving  the  guide  catheter  in  and 

out of the thrombus several times. Aspiration is continued for about 10 s 

each time.

(b)  Distal  suction  thrombectomy  may  be  performed  using  the  Penumbra 

Retrieval system (see below).

5.  Intracranial angioplasty. Balloon angioplasty can augment thrombolysis in occlu-

sions  with  underlying  stenosis  caused  by  atherosclerosis  or  a  dissection.  This 

strategy is most useful in the treatment of M1 segment thrombosis, which tends 

to be the result of thrombosis superimposed on atherosclerotic lesions, in contrast 

to distal basilar occlusions, which tend to be embolic.47 Angioplasty in this setting 
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can  reduce  the  risk  of  re-thrombosis.48  Several  authors  have  reported  favorable results with rescue angioplasty, in which angioplasty is used to obtain recanali-zation  in  vessel  occlusions  that  are  resistant  to  thrombolytic  agents  alone.  Two 

retrospective series have reported recanalization using angioplasty in a total of 10 

of 16 occluded arteries that were resistant to pharmacologic thrombolysis.49, 50

(a) Technique.  Thrombolytic  drug  infusion  and  mechanical  embolectomy 

with other means (e.g., Merci device or snare) is undertaken first. Once 

these  attempts  at  recanalization  of  the  vessel  are  unsuccessful,  the 

diameter of the proximal segment of the occluded artery is measured on 

angiography  to  determine  the  appropriate  size  of  the  angioplasty  bal-

loon. A microwire is then advanced past the occlusion into a distal vessel; 

the microwire tip is placed in the most distal position safely possible to 

maximize  purchase.  The  angioplasty  balloon  is  then  advanced  to  the 

point of stenosis under roadmap guidance and inflated to nominal pres-

sure.  The  balloon  is  then  oscillated  to  1–2  atmospheres  above  nominal 

pressure for 10–30 s before deflation. The balloon is then withdrawn into 

a larger proximal vessel to permit follow-up angiography.

(b) Devices.  Small,  noncompliant  coronary  angioplasty  balloons  useful  in 

this setting, such as a 2 × 9 mm Maverick2™ Monorail™ Balloon Catheter balloon (Boston Scientific, Natick, MA).

 

M   ® ERCI RETRIEVER

The  Merci®  Retrieval  systems  (Concentric  Medical,  Mountain  View,  CA)  was  the 

first FDA-approved treatment options for acute stroke aside from IV t-PA. The Merci Retriever systems are based on a flexible nitinol wire that assumes a helical shape once it emerges from the tip of the microcatheter. The microcatheter, containing the wire, is passed distal to the thrombus, the catheter is withdrawn, and the helical configuration taken by the wire ensnares the clot for removal from the vasculature. Vessels amena-ble  to  embolectomy  with  the  Merci  devices,  include  the  ICA,  M1  and  M2  segments, vertebral artery, basilar artery, and PCA. The Merci Retiever (Models X5 and X6) first received FDA 510(k) clearance for sale in the US in August 2004, based on data from the MERCI trial.51 The Centers for Medicare and Medicaid Services established an ICD-9 procedure code (39.74) for Merci retrievers in October 2006. FDA 510(k) clearance for the L5 model was granted in February 2007, based on data from the Multi-Merci trial.52

1.  Devices (Fig. 9.2)

(a)         ® Merci Balloon Guide catheters. The balloon guide catheter is designed to 

allow  temporary  occlusion  of  the  carotid  or  vertebral  artery  during  clot 

retrieval. It is available in 7, 8 and 9 F sizes; in general the 7 F is recom-

mended  for  a  small  vertebral  artery  and  the  9  F  is  for  a  large  carotid 

artery.  It  is  packaged  with  an  obturator  for  smooth  vessel  introduction 

and  may  be  inserted  through  a  femoral  artery  sheath,  or  exchanged 

directly into the femoral artery without a sheath. Usage without a sheath 

is  usually  not  recommended,  as  the  guide  catheter  may  frequently  get 

clogged as clots are extracted, and this may require removal of the guide 

catheter. The proximal end of the guide catheter includes a straight hub 

for  device  insertion  and  an  angled  hub  for  distal  balloon  inflation.  An 

RHV with a three-way stop clock is connected to the straight hub, to allow 

continuous flushing with heparinized saline. The compliant silicone bal-

loon at the distal end of the guide catheter inflates to a 10 mm diameter 

with  the  maximum  inflation  volume  of  0.8 mL  is  used.  A  3 mL  syringe, 

prepared with 50% contrast in saline, is used for balloon inflation.

(b) Microwire.  A  microwire  is  used  to  advance  the  Merci  microcatheter 

into the target vessel. The authors prefer the 0.012 in. J-tip Headliner™ (Terumo Medical, Somerset, NJ)

(c) Merci® Microcatheters. These microcatheters have a single radio opaque 

marker at the tip.

•  14X microcatheter. Used for X-6 retrievers, it has a 0.017 in. inner 

lumen.

•  18L  microcatheter.  Used  for  L  and  V-series  retrievers  and  has  a 

0.021 in. lumen.

(d) Merci® Retrievers  The  retrievers  are  mounted  on  nitinol  pusher  wires, 

and each retriever is packaged with an introducer and a torque device.

•  X-series  retrievers.  The  X6  retriever  has  six  tapered  helical  loops 

from  3 mm  down  to  1.5 mm  and  looks  like  a  corkscrew.  The  X5 

retriever has been discontinued.
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Fig. 9.2           ®                                              ® The Merci Balloon guide catheter set up ( above ), the Merci Retrievers (below).
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• V-series retrievers. These are a hybrid of both the X and L series 

retrievers.

• L-series retrievers. The L4, L5 and L6 retrievers have four, five and 

six non-tapering helical loops, respectively. These are arranged at a 

90 degree angle to the pusher wire. These are the “hairy retrievers” 

with  suture  threads  bound  to  the  nitinol  wire  to  augment  throm-

bus  engagement.  Loop  diameter  of  the  helix  is  2.0 mm  on  the  L4, 

2.5 mm on the L5 and 2.7 mm on the L6. The L6 having a stiffer coil 

design, is more stretch resistant than the L5, and is most suitable 

for use in the larger and more proximal vessels (i.e. M1, ICA).

(e) 3 mL and 60 mL syringes. The 3 mL syringe is used to inflate the guide 

catheter balloon and the 60 mL syringe is used for aspiration through the 

guide catheter during clot retrieval.

2.  Technique

(a)  Femoral artery access is obtained and a diagnostic catheter is placed in 

the target carotid, subclavian, or vertebral artery.

(b)  IV heparin (2,000 unit bolus and a 500 unit per hour infusion) is given. 

A syringe containing protamine (50 mg) should be on the back table, in 

case a hemorrhage occurs.

(c)  The balloon guide catheter is prepared.

•  The balloon is purged of air with the 3 mL syringe containing 50% 

contrast.

•  The catheter is flushed with heparinized saline.
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(d)  The diagnostic catheter is then exchanged over a hydrophilic wire (0.035 

or  0.038 in.)  for  the  balloon  guide  catheter.  Alternatively,  the  balloon 

guide  catheter  may  be  navigated  directly  into  the  carotid  or  vertebral 

artery  over  the  hydrophilic  wire.  The  balloon  guide  catheter  should  be 

positioned as distally as possible in the ICA or vertebral artery.

(e)  The Merci Microcatheter is then advanced over a microwire with a J-tip 

curve through the balloon guide catheter and into the target vessel. The 

microwire is delicately advanced past the clot; the microwire is then sta-

bilized and the microcatheter is navigated into a large vessel distal to the 

clot. The microwire is removed and a microcatheter angiogram (using a 

gentle injection with a 3 mL syringe containing 100% contrast) is done to 

confirm that the microcatheter tip is distal to the clot, and that a vessel 

perforation has not occurred.

(f)  The  Merci  Retriever  is  then  advanced  through  the  microcatheter,  until 

upto four loops of the helix are visible past the tip of the microcatheter. 

The microcatheter and the retriever are then withdrawn as a unit into 

the clot. The retriever loops are then tightened by rotating the retriever 

wire counterclockwise by two revolutions. The remaining loops are then 

advanced  into  the  thrombus,  and  the  retriever  wire  is  turned  counter-

clockwise as many as five times to further engage the clot.

(g)  Do  not  overdo  the  rotations,  as  over-aggressive  rotation  could  kink  or 

even fracture the retriever.

(h)  The  balloon  on  the  guide  catheter  is  then  inflated  to  stop  antegrade 

flow  in  the  ICA  or  vertebral  artery.  Adequate  inflation  of  the  balloon 

is  obtained  when  “ovalization”  of  the  balloon  is  seen  on  fluoroscopy, 

indicating that the compliant balloon has conformed to the walls of the 

surrounding vessel.

(i)  The engaged clot-retriever-microcatheter assembly is then brought back 

as a unit into the guide catheter and then out of the patient, while force-

ful  suction  with  the  60 mL  syringe  is  applied  to  the  angled  port  of  the 

RHV.

(j)  Thoroughly  aspirate  all  debris  before  flushing  the  guide  catheter  with 

heparinized saline.

(K)  The balloon is then deflated and a guide catheter angiogram is done to 

assess arterial recanalization.

(l)  Several passes with the retrieval device may be required.

(m)  If re-using a retriever for another pass, inspect it to be certain that it is 

undamaged and free of clot fragments. It can be manually straightened 

as it is back-loaded into the introducer.

(n)  The L4, 5, and 6 retrievers often get twisted and the fibers get tangled 

after one pass, so the authors rarely re-use these devices and instead try 

a new retriever for each pass.

(o)  The authors rarely attempt more than 3 passes of the retriever to mini-

mize the chance of vessel injury.

(p)  Femoral artery access site closure. The sizable hole in the femoral artery 

created  by  the  8  or  9  F  Merci  Balloon  catheter  can  be  closed  effectively 

with a Perclose ProGlide device (Abbott Laboratories, Abbott Park, IL).53

3.  Merci Technique Tips

(a)  The  balloon  guide  catheter  may  be  positioned  in  the  subclavian  artery 

–  rather  than  the  vertebral  artery  –  for  posterior  circulation  cases,  if 

access to the vertebral artery itself is difficult.

(b)  The Merci system may be used in patients who have been treated with 

IV t-PA. In the Multi-Merci trial, the use of IV t-PA before conventional 

angiography  and  attempted  thrombectomy  with  the  device  did  not 

increase the incidence of intracranial hemorrhage compared to patients 

not treated with IV t-PA.52

(c)  The  Merci  system  may  be  augmented  with  IA  fibrinolytic  infusion.  In 

the  Multi-Merci  trial,  use  of  up  to  24 mg  t-PA  was  allowed  in  cases  of 

treatment  failure  with  the  device,  or  to  treat  distal  emboli  that  were 

not  accessible  with  the  device  after  successful  proximal  embolectomy. 52 Recanalization was achieved in 72% of patients in whom adjunctive IA 

t-PA was used, compared to 64% of patients treated with the device only; 

rates of hemorrhage were similar between the groups.

(d)  Consider  advancing  a  coaxial  assembly  consisting  of  the  microcatheter 

inserted in Concentric Medical’s Distal Access Catheter into the intrac-

ranial circulation to provide additional stability.
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The Penumbra System™ (Penumbra, Inc., San Leandro, CA) is the second FDA-

approved  mechanical  treatment  for  acute  stroke.  The  system  primarily  involves  clot aspiration  using  a  microcatheter  attached  to  a  power  Aspiration  Pump,  capable  of producing  25 mm  Hg  of  suction.  (The  authors  will  refrain  from  making  cheap  jokes concerning the various attributes of this system). The Separator ™ is a soft wire with a  tear-drop-shaped  enlargement  of  6 mm  proximal  to  its  tip  and  is  inserted  via  the microcatheter to physically break up the clot and keep the microcatheter tip from clog-ging. A major advantage over the Merci system is the fact that the Penumbra System works  at  the  proximal  face  of  the  clot,  eliminating  the  need  to  blindly  position  the microcatheter distal to the occlusion. This system also does not require the gigantic guiding  catheters  needed  for  Merci  retrieval  systems,  since  the  clot  is  fragmented and  aspirated  through  a  small  microcatheter.  FDA  510(k)  clearance  for  the  system was granted in January 2008, after a Pivotal Trial of 125 patients showed safety and efficacy that were favorable compared to other acute stroke treatments.

1.  Devices

(a) Penumbra Neuron delivery catheter. This 6 F guide catheter is designed to 

allow for intracranial catheterization of the carotid or vertebral artery, and 

can  be  used  during  clot  retrieval  procedures  with  the  smaller-diameter 

microcatheter systems. It is discussed in detail in Chap. 5

(b) Microwire. A soft, J-tip microwire can be used to advance the Reperfusion 

microcatheter into the target vessel. However, in some cases, with very 

distal  positioning  of  the  guide  catheter,  the  microcatheter  may  be 

advanced to the clot primarily without a wire.

(c) Reperfusion  microcatheters.  These  microcatheters  consist  of  a  proximal 

stainless steel hypotube for pushability and stability, and stainless steel 

wire reinforcement distally for more flexibility. Stainless steel is not as 

kink resistant as other materials, so caution must be exercised in tortu-

ous  vessels  to  avoid  kinking  the  catheter.  These  microcatheters  have  a 

single radio opaque marker at the tip.

• 026  microcatheter.  A  catheter  150 cm  long,  3.9  F  tapering  to  2.8 

F  distally  with  a  0.026 in.  lumen.  Used  for  clot  retrieval  in  small, 

distal vessels.

• 032  microcatheter.  This  150 cm  catheter  is  4.1  F  tapering  to 

3.4  F  distally  with  a  0.032 in.  lumen.  Used  for  middle  sized 

vessel occlusions.

• 041 microcatheter. Slightly shorter at 137 cm long, but a generous 

4.1  F  both  proximal  and  distal  and  a  0.041 in.  lumen.  Used  for 

larger vessel, proximal clots.

(d)                    ™ The  Separator.  These  wires  are  used  to  break  up  clot  and  keep  the 

distal  Reperfusion  catheter  clear  of  obstruction.  A  tear-drop  swelling 

on  the  wire,  of  about  6 mm  from  its  tip  is  indicated  by  a  radio-opaque 

gold marker. The Separator wire is sized and matched to the particular 

Reperfusion catheter. All are 200 cm long and have a soft tip.

• 026. Sized for the PSC026 catheter. Proximal wire is 0.018 in. with 

a 30 cm distal 0.010 in. segment.

• 032. Sized for the PSC032 catheter. Proximal wire is 0.018 in. with 

a 20 cm distal 0.010 in. segment.

• 041.  Only  works  in  the  big  PSC041  catheter.  Proximal  0.020  wire 

with distal 43 cm 0.014 in. segment.

(e)  Aspiration Pump and connecting tubing. The necessary sterile connect-

ing tubing for the aspiration pump, comes packaged with the Penumbra 

System devices.

2.  Technique

(a)  Femoral artery access is obtained and a diagnostic catheter is placed in 

the target carotid, subclavian, or vertebral artery.

(b)  Determine  the  size  of  the  vessel  occluded  and  choose  an  appropriately 

sized reperfusion catheter.

(c)  IV heparin (2,000 unit bolus and a 500 unit per hour infusion) is given. 

A  syringe  containing  protamine  (50 mg)  should  be  on  the  back  table  in 

case a hemorrhage occurs.

(d)  The guide catheter is prepared.

• Generally, a 6 F or larger guide catheter is needed.

Note:  the  Penumbra  6  F  Neuron  guide  catheter  cannot  be  used 

for the two larger Penumbra Reperfusion catheters. In most cases, 

a 6 F Envoy or Guider guide catheter is necessary.
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• The catheter is flushed with heparinized saline.

(e)  The diagnostic catheter is then exchanged over a hydrophilic wire (0.035 

or 0.038 in.) for the guide catheter. Alternatively, the guide catheter may 

be  navigated  directly  into  the  carotid  or  the  vertebral  artery  over  the 

hydrophilic wire. The balloon guide catheter should be positioned as dis-

tally as possible in the ICA or vertebral artery. If using a Neuron guide 

catheter, consider positioning the tip as distally as possible in the target 

artery (see Chap. 6 for tips on using the Neuron).

(f)  The Reperfusion catheter is then advanced over a microwire with a J-tip 

curve through the guide catheter and into the target vessel. The micro-

catheter need only be navigated into a large vessel just proximal to the 

clot.  An  angiogram  via  the  guide  catheter  can  be  done  to  confirm  that 

the microcatheter tip is at the proximal face of the clot, and that a vessel 

perforation has not occurred.

(g)  The  Separator  is  then  carefully  positioned  through  the  microcatheter, 

until the gold radio-opaque marker on the Separator is visible just past 

the opaque tip of the microcatheter.

(h)  The  RHV  of  microcatheter  is  then  connected  to  the  Aspiration  Pump 

using  the  supplied  sterile  tubing.  All  tubing  is  flushed  with  sterile 

heparinized saline and tightened connections.

(i)  Turn on the Aspiration Pump and gently move the Separator in and out 

of the microcatheter to fragment clot and keep the tip of the catheter free 

of obstructing clot.

(j)  Be  gentle  with  the  Separator  and  keep  in  mind,  that  the  tip  extends 

beyond the tip of the catheter and can injure the vessel, especially if it is 

advanced into a small branch or at a sharp curve.

(k)  Only aspirate for short periods at a time, and recheck with contrast injec-

tions via the guide catheter to determine the progress.

(l)  If large quantity of blood is aspirated, it may be that the microcatheter 

tip is too proximal.

(m)  If  arteriograms  through  the  guide  catheter  show  incomplete  arterial 

recanalization, consider adding an intra-arterial thrombolytic agent and/

or additional passes with the Penumbra system.

(n)  Several passes with the device may be required.

(o)  Firm  clot  that  will  not  break  up  or  be  aspirated,  may  require  a  pass 

with  a  Merci  retriever,  an  Alligator,  or  a  larger  Penumbra  Reperfusion 

catheter.

(p)  Femoral artery access site closure. The hole in the femoral artery created 

by the catheterization can be closed effectively with a Perclose ProGlide 

device (Abbott Laboratories, Abbott Park, IL).

 

ALTERNATIVE DEVICES FOR MECHANICAL THROMBECTOMY

A number of devices are presently available for foreign body retrieval, or are in 

evaluation in clinical trials for use in acute ischemic stroke:

1. Neuronet Retriever thrombectomy device (Guidant Corporation, Temecula, CA). 

The  Neuronet  device  is  FDA-approved,  for  use  in  foreign  body  retrieval.  The 

device  consists  of  a  shapeable  platinum-tipped  wire  with  a  self-expanding 

retrieval basket attached to its distal tip. This device is somewhat bulky but can 

be useful in relatively straight vessels, such as the M1 segment.42 The micro-catheter is advanced so that the tip is approximately 2 cm beyond the occlusion. 

The device is then unsheathed by withdrawing the microcatheter 3–4 cm. The 

microcatheter and Neuronet device are then withdrawn together as a unit, to 

ensnare the embolus or thrombus.

2.             ™ In-Time Retriever (Boston Scientific Target, Fremont, CA). The In-Time device 

is  FDA-approved  for  use  in  foreign  body  retrieval.  The  In-Time  Retriever  is  a 

bulky device with a wire mesh that expands and bows when opened. It is avail-

able in 4-strand and a 6-strand model. The basket is mounted on a wire that is 

preassembled in a 3 F catheter. The basket is expanded by pulling on the wire, 

and can be used in vessel diameters ranging from 2 to 4 mm. It is most useful 

for larger vessels, such as the ICA or the vertebral artery.

3. EnSnare  (Medical  Device  Technologies,  Gainesville,  FL).  The  EnSnare  device 

is  FDA-approved  for  foreign  body  retrieval.  The  EnSnare  has  a  tulip-shaped 

three-loop design requiring a catheter with a 0.027-in. lumen. It opens distally, 

which may not allow sufficient capture of emboli.42
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4. Angiojet® (Possis  Medical,  Inc.,  Minneapolis,  MN).  The  Angiojet  is  a  two-

lumen  device  that  combines  local  suction  with  mechanical  disruption,  an 

approach  that  has  been  termed rheolytic  thrombectomy.  Multiple  retrograde 

high   pressure  saline  jets  are  directed  into  the  primary  evacuation  lumen  of 

the catheter to create a  vortex that draws in, traps, and fragments thrombus. 

The debris is simultaneously removed by suction via the recovery lumen. The 

Angiojet  was  originally  developed  for  coronary  and  peripheral  artery  revas-

cularization;  neurovascular  uses  have  been  essentially  limited  to  the  carotid 

artery or intracranial venous sinuses.42, 54, 55 The 5 F AngioJet can be advanced 

through a 6 F guide catheter and guided over a 0.014 in. microwire.

(a)  The  Neurojet  (Possis  Medical)  was  a  smaller,  single-lumen  device  that 

can be advanced through a 3 F catheter. It was designed for the intrac-

ranial circulation, but development of this device was halted after vessel 

dissection was noted in an initial feasibility and safety trial. 56

5. EKOS  MicroLysUS  infusion  catheter  (EKOS  Corporation,  Bothell,  WA).  This 

device  consists  of  a  2.5  F  drug  infusion  catheter  with  a  2.1 mm  distal  ultra-

sonic  transducer.  A  microwire  is  first  advanced  past  the  occlusion.  Then,  the 

EKOS microcatheter is advanced into the proximal portion of the clot and the 

microwire is retracted. Infusion of t-PA is then done in conjunction with simul-

taneous ultrasonography for up to an hour. Preliminary trial results with this 

device have been positive.57

6.  Endovascular Photo Acoustic Recanalization (EPAR) system (Endovasix, Inc., San 

Francisco, CA). The EPAR system obtained mechanical thrombolysis by conversion 

of photonic energy (delivered by a laser) into acoustic energy at the fiberoptic tip 

through  creation  of  microcavitation  bubbles.58  The  tip  of  the  3  F  microcatheter 

is 1 mm in diameter with five laterally-facing windows. The vaporization and re-

liquification of the cavitation pocket causes suction of the thrombus through the 

windows into the tip. The 3 F EPAR microcatheter can be advanced through a 6 F 

guide catheter, over a 0.014 in. microwire. The microcatheter is placed within the 

occlusive thrombus and the device generator is activated to emulsify the thrombus. 

During thrombolysis, the microcatheter is continuously flushed with blue indigo 

carmine (0.8% in saline), which absorbs green wavelength light and functions as a 

coolant. The EPAR system has been discontinued because of lack of funds.59

7.  The  Phenox ®  Clot  Retriever  (Phenox,  GmbH.,  Bochum,  Germany)  has  a  dense 

network of firm polyamid fibers attached to a wire core, and can be passed via a > 

0.021 in. inner lumen microcatheter to extract occlusive intracranial thrombi.60 It 

has advantages over other mechanical retrievers, in that it is less likely to fragment 

the clot.61 However, the device is currently not available in the United States.

 

9.4.2.       Perfusion augmentation: 

The NeurofloTM system

This  system  is  radically  different  from  other  strategies  to  improve  blood  flow  to 

the brain. It involves placement of a large diameter double balloon NeuroFlo™ catheter (CoAxia, Maple Grove, MN) in the abdominal aorta and the balloons are temporarily inflated to partially obstruct flow in the abdominal aorta. This system appears to pro-vide some benefit both by cerebral blood flow parameters and by clinical outcome in the setting  of  symptomatic  vasospasm  after  subarachnoid  hemorrhage,62  and  the  device was given a Humanitarian Device Exemption by the FDA in March 2005 for this appli-cation. Studies are ongoing for its use in ischemic stroke, including the SENTIS (Safety and Efficacy of Neuroflo Technology in Ischemic Stroke) trial comparing the use of the Neuroflo plus standard medical therapy to standard medical therapy alone in stroke patients up to 10 h after symptom onset. There is also a small Flo24 study evaluating safety and feasibility in patients upto 24 h after symptom onset. The system is simple to use with low risk, and may be an important option for stroke treatment in centers without expertise in intracranial thrombolysis or thrombectomy techniques.

 

9.4.3.       Patient management after IA 

thrombolysis

1.  Admit the patient to the ICA or a stroke unit.

2.  Neurological exam Q 15 min during the infusion and Q 30 min for next 6 h, then 

Q 1 h for a total of 24 h after treatment.
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3.  Vital signs Q 15 min for first 2 h, Q 30 min for 6 h, and Q 1 h for a total of 24 h 

after treatment. Maintain SBP < 180 mm Hg and SBP < 105 mm Hg.

(a)  Antihypertensive medication regimen

• Labetalol  10 mg  IV  over  1–2 min;  may  repeat  every  10–20 min  as 

needed  to  a  maximum  dose  of  300 mg.  Alternatively,  start  with  a 

labetalol bolus and use an infusion of 2–8 mg min −1.

• If  blood  pressure  is  not  controlled,  start  an  infusion  of  sodium 

nitroprusside at 0.5 mg kg−1     −1 min.

4.  Obtain a head CT if the patient develops severe headaches, acute hypertension, 

nausea.

(a)  In  PROACT  II,  symptomatic  ICH  occurred  in  IA  thrombolysis  patients 

on an average of 10.2 h after the start of treatment; mortality was 83% 

in these patients.63

5.  Avoid placement of NG tubes, foley catheters, or intra-arterial catheters, until 

the day after treatment, if possible.

6.  Surveillance head CT on post-procedure day 1 to monitor for hemorrhage.

 

9.4.4.       Complications (management

of complications is discussed below)

A pooled analysis of data on 852 patients in 27 studies of IA thrombolysis found 

a rate of symptomatic intracerebral hemorrhage of 9.5%.64 The death rate was 27.2% and the proportion of patients achieving a favorable outcome was 41.5%. In PROACT II,  procedural  complications  included  systemic  hemorrhage  (primarily  hemorrhages at the puncture site) in 7% of patients, worsening of neurologic symptoms (1%) and anaphylaxis (1%).10

 

9.4.5.       Combined IV + IA strategies

Treatment with early administration of IV thrombolytics followed by IA throm-

bolysis  has  been  investigated  in  several  studies.  Sequential  IV  and  IA  fibrinolytic therapy have shown somewhat modest results. Preliminary trials of IV GP IIB/IIIA inhibitor combined with IA thrombolysis have also been done or are in progress.

1.  IV + IA t-PA.

(a)  In  the  Emergency  Management  of  Stroke  Bridging  Trial,  35  patients 

were randomized to receive either IV t-PA (0.6 mg kg−1, 60 mg maximum over  30 min)  or  placebo,  followed  by  IA  injection  of  t-PA  (average  dose 

11 mg).65 There were no difference in the outcomes between the groups, but  the  TIMI  3  recanalization  rate  was  better  in  the  IV/IA  group  com-

pared  to  the  placebo/IA  group  (55%  vs.  10%, P  =  0.03).  There  was  only one symptomatic ICH, in an IV/IA patient.

(b)  In  the  NIH  Interventional  Management  of  Stroke  trial,  80  patients 

with an NIHSS ≥                           −1 10 received IV t-PA (0.6 mg kg, 60 mg maximum over 30 min)  within  3 h  of  symptom  onset.  Additional  t-PA  was  then  admin-

istered  via  microcatheter  at  the  site  of  the  thrombus  upto  a  total  dose 

of 22 mg over 2 h.66 Compared to historical controls treated with conven-tional IV t-PA, rates of mortality, hemorrhage were not significantly dif-

ferent. The combined IV/IA patients showed a modest trend to improved 

outcome at three months (odds ratios ≥ 2).

2.  IV GP IIB/IIIA + IA.

(a)  In  the  Combined  Local  Fibrinolysis  and  Intravenous  Abciximab  in 

Acute Vertebrobasilar Stroke Treatment study, 47 patients were treated 

with  an  IV  bolus  of  abciximab  (0.25 mg  kg −1)  followed  by  a  12-h  infu-sion  (0.125 µg  kg−1  min−1)  and  low-dose  IA  t-PA  (median  dosage: 20 mg). 67 Additional angioplasty and/or stenting was done in 14 patients. Compared  to  historical  controls  treated  IA  t-PA  only  (median  dosage: 

40 mg), symptomatic ICH was not significantly different, but the rates of 
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TIMI  3  recanalization  and  favorable  outcome  were  significantly  higher 

in the combined treatment group.

 

9.4.6.  Thrombolysis complications: Management

1.  Intracranial Hemorrhage

(a)  A head CT should be done to check for hemorrhage:

• IV  thrombolysis:  Obtain  a  head  CT  for  any  patient  complaining 

of a severe headache or exhibiting a neurologic change. A surveil-

lance  post-thrombolysis  head  CT  hospital  day  2  is  standard  in 

some centers.

• IA  thrombolysis:  Obtain  a  CT  immediately  after  the  endovascu-

lar  procedure  to  establish  a  baseline.  It  is  common  to  see  minor 

extravasation of contrast in the affected region of the brain (“con-trastoma”),  particularly  in  the  basal  ganglia;  this  is not  a  sign of  hemorrhage.  Obviously,  a  head  CT  should  be  obtained  in  any 

patient with a severe headache or neurologic change.

(b)  Asymptomatic and small hemorrhages (< 30 mL) can often be managed 

conservatively.

• Reverse blood thinning agents.

–  Reverse  heparin  if  patient  is  heparinized  (protamine  IV, 

10 mg per 1,000 units of heparin).

–  Consider fresh frozen plasma and platelet transfusion.

• Tight blood pressure control (maintain SBP ≤ 160 mmHg). • Frequent neuro exams, keep patient in ICU.

(c) Symptomatic, significant hemorrhage (> 30 mL).

• Reverse blood thinning agents.

–  Reverse  heparin  if  patient  is  heparinized  (protamine  IV, 

10 mg per 1,000 units of heparin).

–  Consider fresh frozen plasma and platelet transfusion.

• Intubate, if needed to control airway. • Mannitol 50 g IV. • Consider  ventriculostomy  if  symptomatic  hydrocephalus  is 

present.

• Consider craniotomy for evacuation of clot.

2.  Femoral artery hemorrhage

(a)  Most common site of extracranial hemorrhage with IA thrombolysis.

(b)  Signs of groin hemorrhage:

• Obvious bleeding at site or an enlarging subcutaneous hematoma. •  Ripping, severe pain at the puncture site (a sign of a dissection). • Hypotension and bradycardia.

(c)  Management:

–  Manual compression.

–  Pelvic and abdominal CT scan to check for hemorrhage.

–  If the sheath is still in place, upsize to a larger-gauge sheath.

–  Volume  expansion  with  IV  fluids  and  transfusions  if  needed. 

Consider Vascular Surgery consultation for surgical repair of vessel.

–  Consider  reversal  of  anticoagulation  and  antiplatelet  agents  (i.e., 

platelet transfusion) if the hemorrhage is life-threatening.

3.  Angioedema

(a)  Defined as localized swelling of the tongue, lips or oropharynx within 6 h 

after the start of IV thrombolytic infusion.68

(b)  Symptoms are typically mild, transient, and contralateral to the ischemic 

hemisphere;  in  some  cases,  however,  progression  can  be  rapid  and  life-

threatening due to airway obstruction.

(c)  Patients  on  angiotensin-converting-enzyme  inhibitors  appear  to  be  at 

increased  risk  of  this  complication. 36  Evidence  of  frontal  and  insular ischemia on CT is also an associated risk factor.34

(d)  Management:

• Prepare for intubation or cricothyroidotomy, if needed for airway control. • Obtain a CT of the face and head to rule out tongue hemorrhage. • Consider a brief course of high-dose steroids (e.g., Decadron 10 mg 

IV, then 6 mg IV Q 6 h × 24 h.
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9.5.1.       Basilar artery occlusion

The incidence of acute basilar artery occlusion is about 25% that of acute MCA 

occlusion. 69  Vertebrobasilar  artery  occlusion  syndromes  are  discussed  in  detail  in Chap. 17, Acute Ischemic Stroke.

 

9.5.1.1.      Radiographic evaluation

Imaging  in  patients  with  posterior  circulation  acute  stroke  is  somewhat 

different  from  that  in  patients  with  anterior  circulation  stroke.  Of  course,  all patients  must  be  evaluated  for  the  presence  of  intracranial  hemorrhage;  non-contrast  CT  is  adequate  for  this  purpose.  Because  of  bone  artifact  and  the  dif-ficulty  with  imaging  the  brainstem  and  cerebellum,  CT  perfusion  is  less  useful in  this  setting,  although  PCA  territory  ischemia  may  be  well  characterized.  CT angiography (CTA) can be very helpful in patients with basilar artery occlusion,70 particularly  in  defining  the  extent  of  the  occlusion  and  in  assessing  collateral circulation. A CTA can be obtained at the same time as the initial screening CTA, and  some  centers  routinely  combine  CTA  with  CT  perfusion  for  the  evaluation of all patients with acute ischemic stroke. MRI, combined with MR angiography (MRA) can also be helpful.

 

9.5.1.2.      Patient selection for thrombolysis

Patient selection criteria for thrombolysis for basilar artery occlusion are con-

troversial,71, 72 largely because the condition is uncommon, two modalities exist (IA and  IV  thrombolysis),  and  because  all  of  the  existing  published  data  comes  from small,  nonrandomized  series,  except  for  one  randomized  trial,  which  was  termi-nated because of poor enrollment. 73 The Basilar Artery International Cooperation Study  (BASICS)  is  an  ongoing  international  prospective  database  of  patients with acute basilar artery occlusion (http://www.strokecenter.org/trials/TrialDetail. aspx?tid = 477).

INCLUSION CRITERIA

1.  Acute or progressive onset of significant brainstem, cerebellar, or PCA territory 

symptoms within 12–24 h of treatment.74

(a)  In the Australian Urokinase Stroke Trial, a 24 h window was not associ-

ated with an increased rate of adverse outcomes. 73

2.  Basilar artery occlusion, as shown by CTA, angiography, or MRA.

3.  Relative  inclusion  criteria  (i.e.,  factors  that  predict  a  favorable  response  to 

thrombolysis)

(a)  Embolic origin of occlusion.21 (b)  Distal basilar artery occlusion, or short segment occlusion.21, 75 (c)  Evidence of good collateral circulation.

(d)  Younger patient.

EXCLUSION CRITERIA

1.  Acute intracranial hemorrhage.

2.  Examination compatible with brain death, or near-brain death.

3.  Widespread,  severe  ischemic  injury  on  imaging  (e.g.,  hypoattenuation  and 

brain edema throughout the brainstem and cerebellum on CT).

4.  Relative exclusion criteria:

(a)  Atherosclerotic occlusion. 21 (b)  Proximal basilar artery occlusion, or longer segment occlusion.21, 75 (c)  Older patient.
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IA THROMBOLYSIS

1.  Femoral  artery  access  is  obtained  and  a  diagnostic  catheter  is  placed  in  the 

subclavian artery proximal to the origin of the vertebral artery.

(a)  If a pre-procedure CTA or MRA was done, select the vertebral artery 

that  is  largest  in  caliber  and  patent.  If  noninvasive  imaging  of  the 

cervical vessel is not available, a diagnostic angiogram, beginning with 

the right subclavian artery, is necessary. Be sure to image the origin 

of the vertebral artery prior to placing the diagnostic catheter in the 

vessel, to check for vertebral artery origin stenosis. Bilateral ICA angi-

ograms are also helpful, to assess collateral circulation via the P-comm 

arteries.

(b)  If both vertebral arteries are occluded, angiography of the thyrocervical 

costocervical trunks and ICAs should be done. IA thrombolysis by injec-

tion of t-PA into the ascending cervical branch of the thyrocervical trunk 

has been reported.76

2.  IV  heparin  (2,000  unit  bolus  and  a  500  unit  per  hour  infusion)  is  given.  A 

syringe  containing  protamine  (50 mg)  should  be  on  the  back  table  in  case  a 

hemorrhage occurs.

3.  The diagnostic catheter is then exchanged for a guide catheter, which is posi-

tioned as distal as possible within the vertebral artery.

4.  Thrombolysis is done, as described above in the Endovascular Technique section.

 

IV THROMBOLYSIS

Some data suggest that IV thrombolytic treatment is effective for basilar artery 

occlusion.  A  systematic  review  concluded  that  recanalization  rates  are  better  for patients  treated  with  IA  thrombolysis,  but  the  clinical  outcome  is  similar  for  either modality.77                                                  −1 The dosage for IV t-PA is: 0.9 mg kg (maximum of 90 mg) over 60 min with 10% of the dose given as a bolus over 1 min.

 

9.5.1.4.      Outcomes and complications

The  following  data  are  from  a  systematic  review  of  series  consisting  of  420 

patients  treated  with  IA  (344  patients)  or  IV  thrombolysis  (76  patients)  for  basilar artery occlusion.77

1.  Frequency of recanalization

(a)  IA: 65%

(b)  IV: 53% (p = 0.05)

2.  Death or dependency

(a)  IA: 76%

(b)  IV: 78% (p = 0.82)

3.  Survival rates

(a)  IA: 45%

(b)  IV: 50% (p = 0.48)

4.  Good outcome rates

(a)  IA: 24%

(b)  IV: 22% (p = 0.82) (c)  Without recanalization: 2%

 

9.5.2.       Associated carotid stenosis + stroke

Acute  ischemic  stroke  in  the  presence  of  atherosclerotic  carotid  stenosis  can  be 

effectively treated with IA thrombolysis and carotid angioplasty and stenting (CAS) during  the  same  procedure.  CAS  procedures  are  discussed  in  detail  in  Chap.  10, Extracranial  Angioplasty  and  Stenting.  The  key  issues  for  combined  thrombolysis and CAS are:

1.  If thrombus is present in the cervical ICA, thrombolysis or embolectomy in this 

vessel should be done prior to CAS.

2.  Antiplatelet  therapy  is  mandatory  to  avoid  acute  stent  thrombosis  due  to 

platelet  activation.  Parenteral  GP  IIB/IIIA  inhibitors  are  the  fastest-acting 
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antiplatelet  agents  available;  the  authors  of  this  handbook  prefer  abciximab, 

because it is reversible with platelet transfusion if necessary.

(a)  Note: Use of antiplatelet agents, in addition to thrombolytics, increases 

the risk of hemorrhage. Therefore, the use of thrombolytic drugs should 

be minimized as much as possible if a stent is to be used.

9.5.2.1.      Technique

1.  Femoral artery access is obtained and a diagnostic catheter is placed in the CCA.

2.  If angiography shows significant stenosis of the cervical ICA (> 50%), prepara-

tions are made for CAS.

(a)  CAS devices are obtained and prepared.

(b)  Antiplatelet agents are ordered and prepared.

3.  An exchange-length hydrophilic wire is place in the ECA (or an Amplatz Extra 

Stiff  Guidewire  0.035”  (Cook  Inc.,  Bloomington,  IN)  is  placed  in  the  CCA 

if  the  ECA  is  not  accessible).  The  diagnostic  catheter  and  groin  sheath  are 

exchanged over the wire for a 6 F 90 cm sheath (e.g. Shuttle® sheath, Cook Inc., Bloomington, IN) or an 8 F guide catheter.

4.  Heparin IV 2,000 unit bolus and a 500 unit per hour infusion given.

(a)  Protamine on stand-by

• A  syringe  containing  protamine,  enough  to  reverse  the  total 

amount of heparin the patient has received, should be kept on the 

back table for easy access to the operator, should the hemorrhage 

occur during the case.

–  Dosage of protamine required to reverse heparin: 10 mg pro-

tamine/1,000 U heparin.

–  The  authors  routinely  keep  a  sterile  syringe  containing ≥

50 mg of protamine on the back table. The drug is infused into 

the  guide  catheter  or  sheath  when  intracranial  hemorrhage 

occurs.

5.  Navigate a microwire and microcatheter into the ICA, past the region of steno-

sis. A microcatheter angiogram can clarify the anatomy distal to the stenosis. 

Generally speaking, there are two possible locations for the symptomatic occlu-

sion, and each calls for a different strategy:

(a) Cervical ICA. A relatively small amount of thrombus in the cervical ICA 

may  respond  to  selective  injection  of  a  lytic  agent  through  the  micro-

catheter.  Larger,  occlusive  thrombosis  approached  in  one  of  the  several 

ways:

•  Microcatheter  navigation  into  the  intracranial  vessels.  Even  in 

cases  in  which  the  ICA  is  completely  occluded,  a  microwire  (with 

a “J” shape at the tip) and microcatheter can be gently navigated 

through the region of occlusion, into the intracranial vessels. 78

•  Suction  thrombectomy.  A  large  clot  burden  in  the  ICA  may  be 

treated  with  suction  thombectomy  by  aspiration  through  the 

guide catheter. However, caution should be used when positioning 

the  guide  catheter  adjacent  to  the  origin  of  the  ICA,  as  a  friable 

atherosclerotic plaque may be disrupted or a dissection may occur. 

Alternatively,  a  4  or  5 F  diagnostic  catheter  may  be  used  for  the 

suction thrombectomy.

(b) Intracranial vessel. If the anatomy permits, a microwire and microcath-

eter can be guided through the stenotic ICA and into the occluded intrac-

ranial  vessel.  Recanalization  of  the  vessel  via  selective  administration 

of a thrombolytic drug is then followed by CAS. Note: once the cervical 

carotid  is  revascularized  and  antegrade  flow  is  improved,  intracranial 

occluded and stenotic regions may then significantly improve. In elective 

CAS, it is axiomatic that distal tandem stenoses will often improve after 

treatment of the proximal lesion.

6.  Thrombolytic agent. Options include:

(a) GP IIB/IIIA inhibitor. In some cases, the authors have had good results 

with intra-arterial injection of abciximab; this strategy accomplishes two 

goals: (1) Acute thrombi, even predominantly fibrin-rich ones (i.e., “red 

clot”) will dissolve with direct administration of a GP IIB/IIIA inhibitor; 

(2)  The  GP  IIB/IIIA  inhibitor  will  provide  anti-platelet  protection  after 

deployment of the stent.

•  Abciximab dose: The authors use the systemic loading dose for IA 

administration: 0.25 mg kg −1                                    −1 in a concentration of 2 mg mL saline. 
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The  injection  is  given  over  several  minutes.  This  is  followed  by  a 

12-h IV infusion at a rate of 10         −1 µ g min.

–  Note: Partial loading doses of abciximab should be avoided, as 

there is some data from the cardiology literature to indicate 

that  partial  loading  doses  of  abciximab  have  a  paradoxical 

pro-thrombotic effect. 79–81

(b) Fibrinolytic. If a fibrinolytic drug is used, such as t-PA, every effort should 

be  made  to  minimize  the  amount  used  and  to  reduce  the  risk  of  hemor-

rhage (e.g., tight blood pressure control), as simultaneous administration 

of both fibrinolytic and antiplatelet drugs elevates the risk of hemorrhage.

7.  Once  the  distal  lesion  has  been  treated,  standard  CAS  procedure  is  used  to 

treat the stenotic lesion.

8.  After the procedure, if not already done, the patient is given a loading dose of 

ASA and clopidogrel (ASA 325 mg PO/NG/PR and clopidogrel 300 mg PO/NG), 

followed by ASA (325 mg PO QD) and clopidogrel (75 mg PO QD) for one month. 

ASA is continued beyond one month indefinitely.

 

9.5.3.       Extracranial carotid or vertebral 

dissection + stroke

Spontaneous or traumatic dissection of the cervical vessels can cause stroke one 

or both of two mechanisms:

1.  Thromboembolism (most common)

2.  Hemodynamic impairment (less common)

Angiographic findings that indicate a dissection, rather than atherosclerotic stenosis, include a tapering stenosis, string sign, double lumen, and scalloping. 82 Extracranial dissection  syndromes  are  discussed  in  Chap.  18, Extracranial  Cerebrovascular Occlusive Disease.

In  most  arterial  dissection  cases,  thrombolysis  without  stenting  is  sufficient. 

Non-flow  limiting  dissections  frequently  cause  some  degree  of  thrombosis  at  the dissection  site,  which  is  usually  platelet-rich  (i.e.,  “white  clot”)  and  will  respond  to treatment with antiplatelet agents. A common scenario is a non-occlusive dissection with associated thrombus and embolization with occlusion of intracranial vessels. In these situations, the authors of this handbook have obtained good results with IA or IV  injection  of  a  GP  IIB/IIIA  inhibitor,  followed  by  long-term  treatment  (3  months) with a combination antiplatelet regimen (e.g., ASA and clopidogrel).

Stenting is usually only necessary when:

1.  The dissection is flow-limiting and the patient is symptomatic because of hemo-

dynamic failure.

2.  Treatment of the dissection is necessary to provide access to a distal lesion.

9.5.3.1.      Technique

1.  Femoral  artery  access  is  obtained  and  a  diagnostic  catheter  is  placed  in  the 

cervical vessel proximal to the lesion.

2.  An angiogram is done to characterize the lesion. If stenting is necessary, then:

3.  The  diagnostic  catheter  is  exchanged  for  a  guide  catheter  or  sheath  large 

enough to accommodate a stent.

(a)  6 F 90 cm sheath (e.g. Shuttle® sheath, Cook Inc., Bloomington, IN) or an 

8 F guide catheter.

(b)  In rare cases, the dissection originates in the aortic arch or subclavian 

artery.  In  these  situations,  the  access  catheter  should  be  positioned  in 

the  aorta  or  subclavian  proximal  to  the  dissection;  stabilization  of  the 

guide  catheter  can  be  obtained  by  passage  of  a  “buddy  wire”  into  the 

subclavian or innomiate artery.

4.  Heparin IV 2,000 unit bolus and a 500 unit per hour infusion given.

(a)  Protamine on stand-by.

5. Gently  navigate  a  microwire  with  a  J-shaped  tip  and  microcatheter  into  and 

past the region of dissection. A microcatheter angiogram is then done to deter-

mine if the microcatheter is in the true lumen, rather than the false lumen.

(a)  It  is  critical  that  access  to  the  true  lumen,  distal  to  the  dissection,  is 

obtained.  Inadvertent  stenting  of  the  false  lumen  will  likely  cause  a 

complete occlusion.
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6.  If thrombus is present in the dissection site, then IA infusion of a GP IIB/IIIA 

inhibitor or a thrombolytic agent may dissolve the thrombus and permit stent-

ing of the lesion without the risk of embolization.

(a)  Note: Use of antiplatelet agents, in addition to thrombolytics, increases 

the risk of hemorrhage. Therefore, the use of thrombolytic drugs should 

be minimized as much as possible if a stent is used.

(b)  The  authors  of  this  handbook  prefer  to  use  abciximab  in  these  cases. 

Abciximab  is  reversible  with  platelet  transfusions  should  bleeding 

complications arise, and it will provide the necessary protection against 

platelet activation once the stent is deployed.

• Abciximab  dose:  0.25 mg  kg−1  in  a  concentration  of  2 mg  mL−1

saline. The injection is given over several minutes. This is followed 

by a 12-h IV infusion at a rate of 10 µg min−1.

–  Note: Partial loading doses of abciximab should be avoided, as 

there is some data from the cardiology literature to indicate 

that  partial  loading  doses  of  abciximab  have  a  paradoxical 

pro-thrombotic effect.79–81

7.  An embolic protection device is then advanced across the lesion and deployed in 

the true lumen of the vessel distal to the dissection.

(a)  An embolic protection device should always be used in this setting, when 

feasible. Even in cases where there is no apparent thrombus or athero-

sclerosis  associated  with  the  stenosis,  non-angiographically  apparent 

debris may be released when the stent is deployed.

8.  A  self-expanding  stent  is  then  deployed.  The  stent  is  sized  and  positioned  to 

extend from the normal vessel proximal to the dissection, to cover as much of 

the  dissection  as  possible.  For  long  dissections,  particularly  spiral  dissections 

that extend from the CCA into the ICA, coverage of the proximal portion of the 

dissection is usually sufficient, to plaster the dissection flap against the wall of 

the vessel and re-establish antegrade flow.

9.  After the procedure, if not already done, the patient is given a loading dose of 

ASA and clopidogrel (ASA 325 mg PO/NG/PR and clopidogrel 300 mg PO/NG), 

followed by ASA (325 mg PO QD) and clopidogrel (75 mg PO QD) for one month. 

ASA is continued beyond one month indefinitely.

 

9.5.4.  Associated intracranial stenosis + stroke

Atherosclerotic stenosis may underlie an acute occlusion. This combination of dis-

orders – acute thrombosis on top of a stenotic lesion – may be apparent immediately on imaging, or only after thrombolysis fails to reopen a narrowed segment. Indications of concomitant stenosis on imaging in acute stroke include:

1.  Calcification in the wall of the affected vessel on CT or CTA.

2.  Long segment occlusion.

3.  Clinical risk factors for atherosclerosis.

Treatment options include angioplasty or angioplasty with stent placement. The opti-mal strategy depends largely on the size and accessibility of the lesion. Angioplasty alone  has  the  advantages  of  (1)  not  requiring  antiplatelet  therapy,  (2)  being  easier and safer than stenting, particularly in tortuous anatomy. Stenting is more likely to maintain patency of the vessel, at least for the short term, and is the best option for treatment of occlusive dissections.

 

9.5.4.1.      Technique

Intracranial angioplasty technique is discussed in detail in Chap. 11, Endovascular 

Treatment of Intracranial Stenosis and Vasospasm.

1.  An  accurate  diagnosis  of  significant  intracranial  stenosis  is  established.  This 

typically follows an attempt at primary thrombolysis.

2.  Assuming that guide catheter- and microcatheter-access to the affected ves-

sel are established, a microwire and microcatheter are then guided past the 

area of stenosis. The microwire is removed and a microcatheter angiogram 

is  done,  to  assess  the  distal  vessels  and  further  characterize  the  region  of 

stenosis.
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3.  Angiographic measurements are made to determine the size of the angioplasty 

balloon that is needed.

(a)  For atherosclerotic stenoses, a non-compliant coronary angioplasty bal-

loon is useful, such as an Maverick2™         ™ Monorail balloon catheter (Boston Scientific, Natick, MA).

• If a dissection is the cause of the stenosis, stenting without angi-

oplasty may be sufficient.

(b) Size: A balloon with a diameter slightly smaller than the normal diam-

eter of the vessel should be selected. The length of the balloon should be 

relatively  short,  to  maximize  the  ease  of  navigation  of  the  balloon  into 

the target vessel.

(c)  The angioplasty balloon and inflator are prepared. The balloon indefla-

tor is loaded with 50/50 contrast in heparinized saline.

4.  An exchange-length microwire is advanced through the microcatheter, and the 

microcatheter is then exchanged for the angioplasty balloon.

5.  The  angioplasty  balloon  is  gently  guided  into  the  proximal  region  of  stenosis 

or occlusion, and inflated to nominal pressure. The balloon is kept inflated for 

40–50 s, and then deflated.

(a)  A guide-catheter angiogram is done after each balloon inflation, to reas-

sess the lesion and check for contrast extravasation.

6.  Several  balloon  inflations  are  often  necessary  to  reopen  an  occluded,  athero-

sclerotic intracranial artery.

7.  Addition  of  a  stent  is  indicated  for  some  atherosclerotic  vessels  that  will  not 

stay open despite angioplasty, and for some dissections.

8.  If stent deployment is planned, then antiplatelet therapy is important.

(a)  An IV GP IIB/IIIA inhibitor will provide immediate antiplatelet protec-

tion once the stent is deployed. Later, the patient may be given ASA and 

a loading dose of clopidogrel for long-term antiplatelet therapy.

(b)  Note:  Addition  of  antiplatelet  agents  significantly  increases  the  risk  of 

hemorrhagic complications.

9.  Choice of stent:

(a)  A  self-expanding  stent,  such  as  the  Wingspan ™  Stent  System  (Boston 

Scientific), is first-line in most situations, because this device was devel-

oped specifically for the treatment of intracranial stenosis and is there-

fore,  highly  trackable  and  flexible.  Wingspan  technique  is  discussed  in 

detail in Chap. 11. Neuroform stent-assisted revascularization for acute 

stroke has been reported.83

(b)  Coronary balloon-expandable stents are rigid and difficult to maneuver 

safely  in  through  the  carotid  siphon  or  distal  vertebral  artery.  Use  of 

these stents to treat intracranial stenosis is associated with complication 

rates  in  the  neighborhood  of  20–25%.84,  85  Use  of  a  balloon  expandable stent  is  acceptable  in  carefully  selected  cases,  in  which  stent-assisted 

recanalization is critical and self-expanding stent is not available.

10. Sizing of stent: The stent diameter should be about 0.5 mm less than the normal 

diameter of the vessel.

11. Post-procedure  antiplatelet  therapy:  Dual  antiplatelet  therapy  is  standard  in 

any stent procedure.

(a)  Clopidogrel  75 mg  PO/NG  QD  for  one  month  and  ASA  325  PO/NG  QD 

indefinitely.

 

9.5.5.       Central retinal artery occlusion

IA  thrombolysis  for  acute  central  retinal  artery  occlusion  has  been  found  to 

benefit a minority of patients in small, retrospective, single center series. Significant visual improvement has been reported in some 22–30% of cases. 86–89 A meta-analysis of 100 cases of IA thrombolysis for central retinal artery occlusion found that, signifi-cant visual improvement (visual acuity of 20/40 or better) occurred in 27%; the overall rate  of  complications  was  6%,  and  all  were  transient.90  No  cases  of  intracranial  or retinal  bleeding  were  reported.  A  prospective,  randomized,  multicenter  trial  of  IA thrombolysis  by  the  European  Assessment  Group  for  Lysis  in  the  Eye  (EAGLE),  is currently in progress.91

The retina is irrigated primarily by the central retinal artery. In some 15–30% 

of eyes, a cilioretinal artery arises from the ciliary arteries, and contributes to the 

 

THROMBOLYSIS FOR ACUTE ISCHEMIC STROKE                                                  9.5. Special situations                  327 retinal blood supply.92 Experimental occlusion of the central retinal artery up to 97  minutes in rhesus monkeys causes no detectable damage.93 Ischemic injury occurs beyond 98 min and correlates with the length of occlusion, and occlusion for 240 min results  in  massive,  irreversible  retinal  damage.  In  humans  with  central   retinal artery  occlusion,  the  success  rate  with  IA  thrombolysis  declines  with  time  since onset  of  symptoms  with  the  best  results  occurring  in  patients  treated  within  6 h of  onset,86,  89,  94.  Although  good  results  have  been  obtained  in  some  9%  of  patients treated  >  14 h  after  symptom  onset, 89  this  may  not  be  significantly  different  from the  natural  history,  in  which  8%  of  patients  report  significant  recovery  without therapy. 94, 95

Predictors of a good response to IA thrombolysis includes a short time symptom 

onset  and  younger  age. 88  Risk  factors  for  complications  with  IA  thrombolysis  are advanced age and high grade ipsilateral ICA atherosclerotic stenosis.87

9.5.5.1.      Diagnosis

1.  Central  retinal  artery  occlusion  manifests  as  sudden, painless,  unilateral 

visual loss.

(a)  In contrast, occlusion of the ophthalmic artery can cause orbital and eye 

pain and conjunctival injection, in addition to visual loss.

(b) Branch  retinal  artery  occlusion  most  commonly  affects  the  temporal 

retinal  vessels,  and  the  resulting  visual  deficit  is  characteristically 

incomplete.96

(c) Central  retinal  vein  occlusion  can  be  identified  by  the  presence  of 

retinal  vein  dilatation  in  all  four  quadrants  and  retinal  hemorrhages. 

Central  retinal  vein  occlusion  may  occur  along  with  central  retinal 

artery occlusion.

• IA thrombolysis for central retinal vein occlusion leads to improve-

ment in visual acuity in 23% of the patients in one series.97

2.  An ophthomological examination is necessary to confirm the diagnosis of central 

retinal  artery  occlusion.  Funduscopic  examination  findings  include  ischemic 

macular edema, a cherry red spot, and reduced or no retinal blood flow.

9.5.5.2.      Non-endovascular treatment

A variety of management options exist, and the efficacy of the various techniques 

are  controversial.98  Some  can  be  administered  by  non-ophthalmologists,  while  ante-rior paracentesis requires an ophthalmologist.

1.  Laying the patient flat.

2.  Acetazolamide, 500 mg IV.98

3. Ocular  massage.  The  patient  is  instructed  to  digitally  apply  pressure  to  the 

closed eyelids of the affected eye for 15–30 min.

4.  Anterior chamber paracentesis. Intraocular pressure can be reduced by direct 

aspiration of aqueous fluid.

9.5.5.3.      Technique

1.  A  diagnostic  angiogram  of  the  cervical  and  intracranial  carotid  systems  is 

done. Isolated occlusion of the central retinal artery is frequently not apparent 

on  a  diagnostic  angiogram,  but  concomitant  abnormalities  in  the  carotid  or 

ophthalmic arteries, such as intraluminal thrombus or atherosclerosis, should 

be checked. Also, a baseline intracranial angiogram is important, to check for 

the  presence  of  other  vessel  occlusions  and  to  establish  a  baseline,  should  an 

intracranial thromboembolic event occur later in the case or afterwards.

2.  IV heparin: 5,000 unit bolus.

(a)  Protamine on stand-by

3.  Guide catheter access is obtained. The higher in the ICA, the better.

4.  Selective catheterization of the ophthalmic artery is done under roadmap guid-

ance. The tip of the microcatheter does not have to be in a very distal position 

for the access to the central retinal artery.

(a)  Any small microcatheter and microwire will do. The authors prefer to use 

an  UltraFlow™  microcatheter  (ev3,  Irvine,  CA)  and  Mirage™  0.008 in. 

(ev3).
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(b)  If the ICA or ophthalmic artery is occluded, or if the ophthalmic artery 

cannot be accessed, then the selective injection of thrombolytics into the 

distal internal maxillary artery can be done.

5.  A microcatheter angiogram is done.

(a) Note:  The  choroidal  blush  on  angiography  should  not  be  confused  with 

the retina. The choroidal blush results from contrast filling of the ciliary 

arteries; the presence or absence of the choroidal blush has no bearing 

on the outcome of IA thrombolysis.86

6.  Infusion of thrombolytic. Favorable results have been reported with both t-PA 

and  urokinase.  The  authors  use  whichever  agent  that  can  be  obtained  most 

quickly. The drug is infused slowly over an hour, approximately.

(a)  Urokinase: 100,000–1,000,000 units. 86–89 (b)  t-PA: 15–50 mg.87, 91, 99

7.  Ophthomological examinations may be done during the infusion of the throm-

bolytic drug; funduscopic evidence of retinal artery recanalization is sometimes 

apparent during the procedure.

8.  The procedure is stopped when the vision is significantly improved or when the 

maximum  dose  of  thrombolytic  agent  (900,000–1,000,000  units  urokinase  or 

40–50 mg t-PA) has been given.

9.  Final intracranial and cervical angiograms are done, to check for vessel dropout 

or carotid artery guide catheter-induced vasospasm or dissection.

 

9.5.6.       Venous occlusion

Treatment  of  intracranial  venous  occlusion  is  discussed  in  Chap.  12, Venous 

Procedures.

 

9.6.        Appendix 1: Primer on imaging 

in stroke

 

Imaging in acute ischemic stroke has three main purposes:

1.  Diagnosis of ischemic stroke

2.  Exclusion of hemorrhage

3.  Distinguish tissue that is still viable (i.e., the penumbra) from regions of com-

pleted infarction

 

9.6.1.       Noncontrast computed tomography

Emergent,  noncontrast-enhanced  brain  CT  is  the  initial  procedure  of  choice  in 

most cases of suspected acute ischemic stroke. 7, 100 The primary role of CT is to exclude hemorrhage  and  other  nonvascular  causes  of  abrupt  neurologic  change.  The  1994 Guidelines for the Management of Patients with Acute Ischemic Stroke recommended that CT be the primary diagnostic brain imaging study for evaluation of patients with suspected stroke.101

In  CT  scan  interpretation,  the  terms,  “hypoattenuation”  and  “hyperattenua-

tion”  are  preferred  to  “hypodense”  and  “hyperdense”. 20  Attenuation  indicates  the degree  of  x-ray  absorption  that  occurs  within  tissue.  In  patients  with  stroke, hypoattenuated tissue tends to be edematous, and hyperattenuated tissue tends to be hemorrhagic.

 

9.6.1.1.  Noncontrast CT diagnosis of acute ischemia

Brain CT appears normal in < 50% of patients with acute ischemic stroke.102 It 

identifies ischemic lesions with a sensitivity of 65% and a specificity of 90% within 6 h of stroke onset.103 Hemispheric stroke can cause brain edema that is detectable within 
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brain ischemia on CT is 3–10 days after the ictus. 

The presence of evidence of ischemia on CT within 

6 h  of  stroke  onset  has  been  associated  with  poor 

outcomes,104 although a recent single-center series contradicted  this.105  A  large,  hypoattenuated  area detected within 6 h of stroke onset is an indication 

that  the  treatment  with  thrombolytics  will  not  be 

effective  because,  life-threatening  brain  edema  is 

already in progress.103

 

SPECIFIC FINDINGS THAT MAY INDICATE ISCHEMIA

1. Loss  of  cortical  gray–white  differentiation. 

may be detected within 6 h of onset of stroke 

ritory ischemia.                                        Fig.9.3 MCA sign symptoms in 82% of patients with MCA ter-106

Hyperattenuation of the M1 seg-

(a)  “Insular ribbon sign” The insular cor-tex  is  a  watershed  arterial  zone;  loss  ment due to thromboembolism 

(arrow).

of white differentiation in the insular 

cortex  can  be  an  early  sign  of  MCA 

[image: ]

ischemia.107

2.  Hemispheric sulcal effacement.

3.  Attenuation of the lentiform nucleus.

4.  Subtle  regions  of  subcortical  hypoattenua-

tion

5.  “MCA sign.” Hyperattenuation of the M1 seg-

ment due to thromboembolism.108, 109

6.  “Sylvian  dot  sign.”  Distal  MCA  (M2  or 

M3  branches)  occlusion  indicated  by 

hyperattenuation  in  the  Sylvian  fissure.110 Sensitivity  38%,  specificity  100%,  positive 

predictive  value  100%,  negative  predictive 

value 68%.111

The  combined  presence  of  the  insular  ribbon  sign 

(Fig.  9.4),  hemispheric  sulcal  effacement,  and attenuation  of  the  lentiform  nucleus  is  predictive 

of  ICA  occlusion.112  CT  evidence  of  widespread infarction is correlated with a higher risk of hemor-

rhagic transformation with thrombolytic agents. In       Fig. 9.4 Insular ribbon sign a trial of IV rt-PA given within 3 h of stroke onset,  Insular ribbon sign. Loss of gray-

CT signs of edema and mass effect were associated  white differentiation in the insula 

with  an  eightfold  increase  in  the  risk  of  sympto-     (arrow heads) can be an early matic hemorrhage.25 sign of MCA territory ischemia.

 

9.6.2.       CT perfusion

CT perfusion provides quantitative data about CBF, and is becoming widely 

available as a software package included with most high-speed CT scanners. CT perfusion involves the administration of a single-bolus dose of intravenous iodi-nated contrast material, followed by spiral CT imaging during the passage of the contrast bolus through the cerebral vasculature. The integrated change in tissue density  during  the  passage  of  the  contrast  bolus,  is  used  to  yield  quantitative information about CBF as well as CBV and time-to-peak (TTP) or mean transit time  (MTT).  Acquisition  and  processing  of  the  data  are  accomplished  seconds to  minutes.  The  concept  of  CT  perfusion  was  introduced  more  than  20  years ago113, but had to await the development of high-speed helical CT scanners, fast computers,  and  software  capable  of  rapid  data  analysis  to  make  the  technique clinically useful.
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Normal Values of CBF and CBV

Cerebral blood flow is normally maintained within a narrow range by autoreg-

ulation. Normal CBF is approximately 80 mL per 100 g min −1 in human gray matter 

and approximately 20 mL per 100 g min−1 in white matter. Global CBF, as well as 

average CBF in the cortical mantle, which is roughly a 50:50 mix of gray matter and 

white matter, is approximately 50 mL per 100 g min−1. Protein synthesis in neurons 

ceases when CBF falls below 35 mL per 100 g min−1 114 . At a CBF ≤ 20 mL per 100 g 

min−1,  however,  electrical  failure  occurs  and  synaptic  transmission  between  neu-

rons is disturbed, leading to loss of function of still-viable neurons.115–117 Metabolic 

failure and cell death occur at CBF ≤                     −1 10 mL per 100 g min. CBV is defined as the 

amount of blood in a given quantity of brain tissue. Normal CBV is approximately 

4–5 mL per 100 g.118, 119 CBV can be decreased or increased during cerebral ischemia, 

depending on the degree of cerebral autoregulation activation.119–122

 

9.6.2.1.      CT perfusion technique

PARAMETERS

CT perfusion produces the  following data:

1.  Cerebral blood flow (CBF), measured in mL per 100 g of brain tissue per minute 

(mL per 100 g min−1) or as mL per 100 mL of brain tissue per minute (mL per 

100 mL min−1).

2.  Cerebral blood volume (CBV), measured in mL per 100 g or mL per 100 mL.

3.  Time to peak (TTP) is defined as the time delay (in seconds) between the first 

arrival of contrast within major arteries included in the section imaged and the 

local bolus peak in the brain tissue.

4.  Mean transit time (MTT) indicates the time (in seconds) required for contrast 

material  to  pass  from  the  arterial  side  to  the  venous  side  of  the  intracranial 

circulation. Because of the different pathways that can be followed, blood ele-

ments  –  or  contrast  material  –  flowing  through  the  vascular  network  of  the 

brain  will  require  different  lengths  of  time  (i.e.,  transit  times)  to  travel  from 

artery to vein. The average of all possible transit times is MTT.

(a)  TTP and MTT are parameters unique to CBF techniques (e.g., CT per-

fusion  and  MRI  perfusion)  that  utilize  an  intravascular  indicator  and 

track  the  passage  of  the  indicator  through  the  brain  over  the  course  of 

time to determine CBF.

 

CONCEPTS

There  are  three  methods  of  CT  perfusion  (Table  9.6).  Two  methods,  known  as 

the first pass bolus tracking techniques, are based on the indicator dilution principle and  provide  information  about  CBF,  CBV,  and  MTT  or  TTP.  A  third  method,  the whole  brain  technique,  (aka  the  slow-infusion  method),  provides  information  about CBV only.

In  CT  perfusion  techniques  utilizing  the  indicator  dilution  principle,  a  known 

amount  of  a  nondiffusible  indicator  or  tracer  (e.g.,  iodinated  contrast  material)  is injected into a cubital vein, and the concentration of this indicator is measured against time during its first pass through an intracranial vessel. Rapid injection of a contrast bolus leads to a transient change in brain tissue enhancement, as the material trav-els through the intracranial vasculature. This change is linearly proportional to the serum  concentration  of  the  contrast  agent.  With  spiral  CT  scanning,  these  changes can be graphed as a time-density curve for every voxel in a CT-imaging slice.

Two different mathematical approaches are commonly used to calculate CT per-

fusion data from the time-density curve, deconvolution and maximum slope. The decon-volution method is based on the Fick principle. The attenuation values of an artery in the field of view (the arterial input function), such as the anterior cerebral artery, are integrated with time-density information of the brain tissue on a voxel-by-voxel basis in a mathematical operation called deconvolution. In mathematical terms:

 

C (t) = CBF . [C (t) 䊟 R (t)] t a
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Table 9.6 CT perfusion methods

Whole brain 

First-pass techniques                method

Deconvolution           Maximum slope method               method

Parameters            CBF, CBV, MTT          CBF, CBV, TTP            PBV

Amount of brain        4–8 slices               4–8 slices                 Entire brain

imaged

Amount of contrast     40–50 ml                50 mL                    100 mL

material

Rate of contrast                −1                             −1                              −1 4 mL s 8 mL s 3 mL s

injection

Principle sources        Choice of AIF,             Delay in appearance        Diminished cardiac 

of error                  blood–brain barrier        of contrast material        output or proximal 

leakage, recirculation      in the brain (e.g., due      vessel occlusion or of contrast material       to diminished cardiac      stenosis

 output or proximal 

 vessel occlusion)

AIF Arterial input function, CBF Cerebral blood flow, CBV Cerebral blood volume, MTT Mean transit time, TTP, Time to peak, PBV Perfused cerebral blood volume

 

where Ct(t) is the tissue time-density curve; Ca(t) is the arterial time-density curve; R(t) is the impulse residue function, and ⊗ is the convolution operator. The impulse residue  function  is  an  idealized  tissue  time-density  curve  that  would  result  if  the entire bolus (the impulse) of contrast material was administered instantaneously into the artery supplying a given area of the brain. The plateau of impulse residue func-tion  reflects  the  length  of  time  during  which  the  contrast  material  (the residue)  is passing through the capillary network. Both C t(t) and Ca(t) can be measured, and the deconvolution process uses the information to calculate CBF and CBV. MTT is then derived by using the central volume principle, which relates CBF, CBV, and MTT in the following relationship:

 

CBF = CBV/MTT

 

The  deconvolution-based  method  is  employed  by  the  General  Electric  (Milwaukee, WI)  and  Philips  Medical  Systems  (Best,  the  Netherlands)  CT  perfusion  software. The accuracy of this method depends upon an intact blood–brain barrier, as leakage of the contrast material out of the intravascular space can lead to artifactually high perfusion parameters. Accuracy can also be influenced by the choice of the reference artery123 and recirculation of contrast material.

In  the maximum  slope  method,  the  maximum  slope  of  the  time-density  curve 

is  used  to  calculate  CBF  (Fig.  9.5).124–126  Values  for  CBV  are  calculated  from  the maximum-enhancement  ratio,  which  is  the  maximum  enhancement  of  the  time-density curve in a given voxel compared to that of the superior sagittal sinus.124, 127, 128 Software using this method, such as the program used by Siemens (Syngo, Erlangen, Germany), reports TTP rather than MTT. The accuracy of this method depends on a rapid bolus injection of contrast material because, a delay in the appearance of con-trast material in the intracranial vasculature will lead to a decrease in the maximum slope of the time-density curve, and CBF will be underestimated.124

A  third  CT  perfusion  method  is  the whole  brain  technique,  in  which  CBV  data 

about the entire brain is obtained.128 In this technique, a CT scan of the head without contrast  enhancement  is  obtained,  followed  by  an  intravenous  infusion  of  iodinated contrast material (approximately 100 mL). Scanning begins after a delay of about 25 s to allow passage of contrast material into the venous circulation. Subtraction of the unenhanced  scan  from  the  enhanced  scan  yields  images  of  contrast  concentrations only. Normalization of brain tissue enhancement values with density measurements in a large vessel such as the superior sagittal sinus, produces “relative CBV” maps. 

332                  9.6. Appendix 1: Primer on imaging in stroke                                     THROMBOLYSIS FOR ACUTE ISCHEMIC STROKE In patients with cerebral ischemia, delivery of contrast material to the affected region of the brain is diminished, and true CBV may not be accurately measured. Therefore, the  term perfused  CBV  (PBV)  distinguishes  the  parameter  measured  by  the  whole brain  technique  from  the  actual  CBV  value.128  Cerebral  blood  flow,  TTP,  and  MTT are not determined with this method because there are no timed data. Some authors have used this technique in combination with CT angiography, for the evaluation of patients with acute ischemic stroke.129, 130 The accuracy can be impaired by the pres-ence of proximal vessel stenosis or occlusion and collateral channels; delay of contrast arrival beyond the time of CT image acquisition may result in an underestimation of the true PBV, and lead to an over-interpretation of ischemia. 128 Validation

Quantitative  CBF  measurement  by  CT  perfusion  has  been  validated  by  comparison to other techniques for measuring CBF such as microspheres;131, xenon CT,133, 134 and PET.135, 136 CT perfusion imaging using the deconvolution technique has been shown to demonstrate little variability within individuals.135 The use of CT perfusion in the iden-tification of cerebral ischemia has been validated in experimental models. 137–139 Further validation of CT perfusion in human subjects by comparison with other brain imaging techniques in the setting of acute stroke, has been extensive and is discussed below.

Limitations

CT  perfusion  imaging  has  several  practical  limitations.  Brain  regions  close  to  the skull base are difficult to image because of bone artifact. A peripheral IV is required for intravenous administration of the contrast material, which can be a nuisance for some intensive care unit patients. The study requires iodinated contrast, which can be problematic.

An  important  limitation  concerns  the  use  of  an  intravascular  indicator  in 

first-pass  CT  perfusion  methods.  In  distinction  to  more  established  techniques  like xenon-CT and PET, in which diffusible tracers are used and only capillary perfusion is  measured,  all  intracranial  vessels  are  included  in  CT  perfusion.  This  difference leads  to  an  over-estimation  of  CBF  in  regions  that  include  large  vessels,  such  as around the Sylvian fissure. 140 Moreover, this aspect of CT perfusion makes it difficult to compare CT perfusion results to CBF values obtained by the use of other methods. Furthermore, depending on the method of calculation used, the results can be affected by blood–brain barrier breakdown, choice of the arterial input function, and recircu-lation (deconvolution method) or by inadequate delivery of the contrast bolus to the intracranial vasculature, such as in patients with significant cardiovascular disease (maximum slope method).

9.6.2.2.      Interpretation of CT perfusion data

Validity has been demonstrated for each commonly used mathematical technique 

for  CT  perfusion  by  comparison  with  other  CBF  measurement  techniques.  However, each  method  has  inherent  limitations  and  sources  of  systematic  error;  hence,  the description  of  CT  perfusion  as  being  “semiquantitative”  by  some  authors.141,  142 Therefore, assessment of cerebral perfusion based on absolute values for CBF and CBV should be made with caution.143, 144 CT perfusion results for any given ROI, are most reliable  and  useful  when  they  are  interpreted  in  the  context  of  data  from  the  whole image (i.e., by comparing the data in one ROI with other ROIs in the image). Thus, for the  identification  of  cerebral  ischemia  using  the  deconvolution  method,  Wintermark and  colleagues  found  that  a  threshold  value  for  regional  CBF  of  34%,  compared  to CBF  values  in  the  corresponding  region  in  the  non-ischemic  hemisphere,  accurately identified regions of cerebral ischemia.145 Similarly, using the maximum slope method, Koenig and colleagues found that a threshold value for CBF of 48%, compared to the CBF values in non-ischemic regions, best identified areas of cerebral ischemia. 142

Although CBV can be increased during cerebral ischemia as a result of autoreg-

ulation-induced  vasodilation,  in  CT  perfusion  using  the  deconvolution  method,  CBV values  <  2.5 mL  per  100 g  indicate  cerebral  infarction.128,  145–147  Using  the  maximum slope  method,  a  reduction  of  CBV  of  60%,  compared  to  non-ischemic  regions  of  the brain,  best  identified  cerebral  ischemia.142  Using  the  whole  brain  technique  for  CT perfusion,  normal  PBV  values  are  approximately  4.6 mL  per  100 mL  in  gray  matter and 1.75 mL per 100 mL in white matter.128

Mean  transit  time  is  extended  in  regions  of  cerebral  ischemia.  In  a  series  of 

patients  with  acute  ischemic  MCA  stroke,  Eastwood  and  colleagues  found  average MTT to be 7.6 s in the affected MCA territories and 3.6 s in the unaffected MCA ter-ritories.148 Areas of reduced perfusion were defined as MTT > 6 s because that value represented at least three standard deviations greater than the average MTT values in unaffected MCA territories.

THROMBOLYSIS FOR ACUTE ISCHEMIC STROKE                               9.6. Appendix 1: Primer on imaging in stroke                  333

In normal brain tissue, TTP is typically < 8 s because of unimpaired antegrade 

flow.  In  ischemic  regions,  TTP  is  extended,  reflecting  a  delay  in  perfusion  because of  collateral  flow  through  alternative  pathways,  such  as  leptomeningeal  vessels. TTP  maps  are  useful  for  accurate  identification  of  areas  of  impaired  perfusion.142  A regional TTP > 8 s raises the suspicion of cerebral ischemia. However, TTP maps can provide false-positive findings when TTP is extended due to carotid stenosis or occlu-sion and regional CBF is compensated for by collateral vessels.147

Both MTT and TTP maps can be used to identify cerebral ischemia. MTT maps 

offer advantages over CBF and CBV maps. MTT appears to be affected by ischemia at an earlier stage than CBF or CBV, although it is less specific.145 Color-coded TTP and MTT maps appear to demonstrate regions of cerebral ischemia more readily than CBF and CBV maps. TTP and MTT are usually homogenous in normal areas of brain tissue,  permitting  easy  identification  of  abnormal  hemodynamics.145  Moreover,  CBF and CBV data are over-estimated when the ROI includes major vessels, such as MCA branches.136 In comparison, TTP and MTT do not seem to be influenced by the pres-ence of large vessels within ROIs. The absence of regions of extended TTP or MTT is usually a reliable indication that ischemia is not present.

9.6.2.3.      CT perfusion in ischemic stroke

CT  perfusion  can  be  done  at  the  same  time  as  the  initial  screening  CT  scan  in 

patients with acute ischemic stroke and can distinguish viable tissue from regions of completed infarction.

1.  CT perfusion can be used to exclude poor candidates for thrombolysis, such as 

patients  with  lacunar  strokes  and  without  arterial  occlusions,  which  account 

for up to 25%149 and 29%150 of patients with acute stroke, respectively.

2.  CT perfusion imaging can provide prognostic information because patients with 

profound, widespread ischemia can be expected to have poorer outcomes than 

those with borderline ischemia. 130, 145

CT  perfusion  is  able  to  distinguish  treatable  tissue  at  risk  of  infarction.145,  151  Using the  deconvolution  method,  a  mismatch  between  regional  MTT,  CBF,  and  CBV  maps can  indicate  the  presence  of  ischemic  but  potentially  salvageable  brain.132,  137,  141,  147 In a series of patients with acute stroke, CBV < 2.0 mL per 100 g best identified inf-arcted brain, and a region of MTT < 145% compared to the corresponding territory in the   contralateral  hemisphere  best  identified  the  entire  ischemic  region  (infarction  + penumbra).152 These values can be used to generate threshold maps on CT perfusion images Fig.  9.6.  Using  the  maximum  slope  method,  the  relative  values  of  CBF  and 

 

At-a-Glance Interpretation of CT Perfusion in Acute Ischemic Stroke

[image: ]

 

Fig. 9.5 Maximum slope method. In CT perfusion with the maximum slope method 

(Siemens), regions of completed infarction show up as a “black hole” – dense, black 

areas on CBF, CBV, and TTP images (black arrow). Adjacent areas of abnormality on 

that are not black (white arrows) indicate regions of salvageable tissue. The CT done 

two weeks later shows the black hole region as a completed infarction.
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Fig. 9.6 Deconvolution method

 

In deconvolution CT perfusion (General Electric, Philips), the “black hole” tech-

nique is not a reliable way to identify regions of completed infarction. Threshold maps, 

however, can provide the same information. Here, the ischemic core (dark threshold 

area – red on the color image – black arrow) is defined as absolute CBV < 2 mL per 

100 g,  and  the  penumbra  (light  threshold  area  –  green  on  the  color  image  –  white 

arrows) is defined as the region of brain with MTT values 1.45 times the MTT values 

in the corresponding area of the opposite hemisphere.152 The follow-up CT shows an 

infarction that corresponds to the ischemic core region.

 

CBV can be used to distinguish infarcted from ischemic tissue. In a series of patients undergoing  CT  perfusion  studies  within  6 h  of  stroke  onset,  the  thresholds  for  best discrimination between infarcted and non-infarcted tissue were 48% of normal values for CBF, and 60% of normal values for CBV.142 The lowest relative CBF and CBV values among brain regions not developing infarctions, were 29% and 40% of normal values, respectively.

 

VALIDATION OF CT PERFUSION IN ACUTE ISCHEMIC STROKE

The deconvolution method has been validated in the diagnosis of acute ischemic 

stroke by comparison to CT imaging 148                                              148 and to MR T2-weighted imaging, diffusion imaging, 145,  153                                        148  and  perfusion  imaging.  In  a  series  of  patients  with  acute  ischemic stroke, undergoing both CT perfusion and MRI diffusion studies on admission, infarct size on CBF maps correlated highly with the size of the abnormality on the diffusion-weighted imaging (DWI) map (          153 r = 0.968). Similarly, infarct size assessed by CT per-fusion studies done on admission in patients with ischemic stroke, correlated highly with infarct size measured by follow-up MRI-DWI maps obtained an average of 3 days after admission (           145 r = 0.958).

The  maximum  slope  method  has  been  validated  in  acute  stroke  by  comparison 

to CT, MRI, and SPECT.147 In a series of patients with acute stroke, who underwent both CT perfusion and SPECT studies on admission, the areas of ischemia indicated by CT perfusion CBF maps correlated well with those indicated by SPECT imaging (               126 r = 0.81). In a series in which ischemic areas on admission of CT perfusion images, were compared to the follow-up CT or MR images showing final infarctions, infarction was found to develop in all patients with > 70% CBF reduction and in 50% of patients with 40–70% CBF reduction. 147 Based on a threshold of CBF < 60% (compared with CBF in normal vascular territories), CBF maps predicted the extent of infarction with high sensitivity (93%) and specificity (98%). Similarly, TTP > 3 s predicted infarction with a sensitivity of 91% and a specificity of 93%. Notably, in the same study, a nega-tive  predictive  value  for  TTP  >  3 s  of  99%  was  found,  indicating  that  the  absence  of extended TTP is usually accurate in excluding the presence of ischemia. In a series of CT perfusion studies done in patients with acute stroke < 6 h after onset, and com-pared to the follow-up CT or MRI, threshold values of 48% and 60% of normal, for CBF and CBV, respectively, were found to discriminate best between the areas of infarction and the areas of non-infarction. 142
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The  whole  brain  technique  for  CT  perfusion  has  been  combined  with  CT  angi-

ography  in  the  assessment  of  patients  with  acute  ischemic  stroke. 128–130,  154.  Whole brain  technique  measurement  is  limited  to  PBV,  but  has  the  advantage  of  imaging the entire brain, and the CTA can identify large vessel occlusions with high sensitiv-ity  and  specificity.  Cerebral  ischemia  is  indicated  by  a  reduction  in  regional  PBV. In  one  study  in  which  PBV-CTA  was  compared  to  follow-up  imaging,  PBV-CTA  was 100% sensitive and 92% specific in the detection of large infarcts.130 Among a series of patients undergoing intra-arterial thrombolysis for MCA occlusions, initial PBV-CTA lesion  volumes  correlated  significantly  with  final  infarct  volume  on  follow-up  CT  or MRI imaging. 129 Prediction of final infarct volume depended on the occurrence of ves-sel recanalization. For patients with complete vessel recanalization, the relationship between  initial  and  final  infarct  volume  was  strong  ( 2 R  =  0.94),  whereas  for  those without recanalization, there was progression of lesion volume on follow-up imaging (   2 R = 0.50, slope of the regression line = 1.61). All patients with either a lesion volume > 100 mL or no recanalization, had a poor outcome (Rankin scores, 4 to 6).

 

9.6.3.  CT Angiography

CT  angiography  (CTA)  is  useful  in  identifying  large  vessel  occlusion,  and  can 

complement CT perfusion. The time required for acquisition, processing, and analysis of CTA studies of patients with acute ischemic stroke, averages 15 min. 155 Compared to catheter angiography, CTA has sensitivity and specificity for the detection of large vessel occlusion of 98.4 and 98.1%, respectively. 155 CTA may be prone to false-positive results; in two series of CTA in acute stroke, a minority of patients was found to have lesions on CTA that could not be found with catheter angiography. 156, 157 CTA can be particularly useful in assessment of vertebrobasilar occlusion, 70 as CT perfusion imag-ing of the posterior circulation territory is limited because of bone artifact. However, basilar artery lesions can be better assessed with CTA than vertebral artery lesions. 158 CTA combined with CT perfusion shows good agreement with MRI in the assessment of infarct size, cortical involvement, and internal cerebral artery occlusion. 159

 

9.6.4.  MRI

Magnetic  resonance  imaging  is  based  on  the  interaction  between  a  powerful, 

uniform magnetic field and body tissues. Protons absorb energy from pulsed magnetic waves and are deflected from their alignment. As the nuclei return to rest from a state of excitement, energy is released and signals are induced in a receiver and converted into diagnostic images. During the process of energy release, tissue-specific relaxation constants can be used to construct weighted images to demonstrate specific tissues. A wide array of MRI imaging sequences are available (Table 9.7). Most MRI images accentuate T1 or T2 signal; T1 is longitudinal, or spin-lattes relaxation time and T2 is transverse, or spin-spin relaxation time. In T1-weighted images, fat has increased signal  and  water  appears  dark.  In  T2-weighted  images,  water  has  increased  signal relative to brain. Brain tissue water content is typically increased in regions of edema, 

 

Table 9.7 MRI signal characteristics of cerebral infarction

Time since 

ictus      DWI image    ADC map      FLAIR         T1          T2

Minutes or      Not apparent    Dark            Not apparent    Not apparent    Not apparent

sooner

Minutes to       Bright           Dark            Not apparent    Not apparent    Not apparent

hours

> 6h           Bright          Dark           Bright          Hazy           Bright

Hours to        Bright           Dark            Bright           Dark            Very bright

days

1–2 week      Bright          Not apparent    Bright          Dark           Very bright

> 2 weeks      Not apparent    Bright          Bright          Dark            Bright

or dark

 

336                  9.6. Appendix 1: Primer on imaging in stroke                                     THROMBOLYSIS FOR ACUTE ISCHEMIC STROKE ischemia,  and  hemorrhage,  thus  changing  the  appearance  of  the  tissue  on  MRI. T2-weighted images usually show only tissue changes caused by severe and prolonged ischemia – apparent only after some 6–24 h following onset – and are not particularly useful in imaging acute ischemia.

 

DIFFUSION-WEIGHTED IMAGING

Diffusion-weighted  imaging  (DWI)  measures  the  Brownian  motion  of  water 

protons  in  tissue.  In  ischemia,  sodium-potassium  pump  failure  occurs,  water  moves from  the  extracellular  space  to  the  intracellular  space,  and  the  extracellular  space shrinks. Proton motion is more restricted in the intracellular space, causing regions of ischemia to appear bright on DWI. These changes occur within minutes after ischemic stroke.160, 161 Areas of ischemia appear bright on DWI in the acute phase and become unapparent or dark after about two weeks. DWI images are substantially better than plain CT and conventional MRI in the detection of acute ischemia.162 The sensitivity of DWI in detecting cerebral ischemia is 96.6% and the sensitivity is 100%.163

Diffusion-weighted images are influenced by other parameters such as spin den-

sity, T1, T2, TR, and TE. Calculation of the apparent diffusion coefficient (ADC) elimi-nates these influences and indicates pure diffusion information.164 ADC combines at least two diffusion-weighted images that are differently sensitized to diffusion but are identical with respect to spin density, T1, T2, TR, and TE. The resulting “map” indi-cates the calculated ADC for each pixel in the MRI image. Areas of ischemia appear dark on ADC maps in the acute phase and become bright after about 2 weeks, because of T2 shine-through. Decreased ADC values indicate with good sensitivity (88%) and specificity (90%) that, an infarct is less than 10 days old.165 Venous infarctions, in con-trast, cause an increase in ADC values in the acute phase because of vasogenic edema, although in later stages, the ADC map appearance becomes complex because of the coexistence of cytotoxic and vasogenic edema and the presence of hemorrhage.166

Diffusion-weighted  imaging  can  be  useful  in  the  workup  of  patients  with  TIA.167

“Dots of hyperintensity” on DWI, indicating microinfarctions that are too small to cause permanent neurological symptoms, are found in some 40–50% of patients with TIA.168

Diffusion-weighted  imaging  and  ACD  maps  are  dynamic.  Areas  of  ischemic 

injury may enlarge by 43% in the first 52 h after onset,169 although in most patients, lesion  size  appears  to  reach  a  maximum  by  24 h.170  Conversely,  DWI  hyperintensity and ADC map hypointensity do not necessarily indicate infarction, as bright regions on DWI can be reversed by reperfusion. In a series of patients with acute stroke, 19.7% demonstrated “normalization” of ACD abnormalities after reperfusion.171 Tissue with ADC values 75–90% of ADC values in normal brain, are likely to proceed to infarction, whereas  tissue  with  ADC  values  >  90%  are  more  likely  to  recover.172  Nevertheless, DWI hyperintensity is a necessary stage on the path to infarction,167 and the volume of DWI abnormalities do correlate with clinical severity.169, 173

PERFUSION IMAGING

MRI  perfusion  imaging  employs  a  first  pass  tracking  technique  and  deconvolu-

tion  method  (Fig.  9.6)  for  calculating  the  brain  perfusion  parameters.  Deconvolution is  described  in  detail  above,  in  the  discussion  of  CT  perfusion  technique.  In  MRI perfusion, a bolus of gadolinium is injected rapidly into a peripheral vein, and tissue- and arterial-input curves are used to generate CBF, CBV, TTP and MTT images. The information is not quantitative because, the MR signal change after IV administration of gadolinium is not proportionally related to the plasma concentration of gadolinium. MRI  perfusion  is  subjected  to  many  of  the  limitations  of  CT  perfusion,  such  as  the dependence  of  lesion  volume  on  arterial  input  function  selection,174  and  controversy about the optimal perfusion parameters for the identification of affected tissue. 175 The value of MRI perfusion imaging lies in the perfusion–diffusion mismatch hypothesis, which holds that regions of abnormality identified by perfusion imaging, but not seen on  diffusion  weighted  imaging,  are  equal  to  the  penumbra,  and  comprise  regions  of potentially  salvageable  tissue.  A  perfusion–diffusion  mismatch  pattern  is  present  in some 70% of patients with anterior circulation stroke scanned within 6 h of onset,176 is strongly associated with proximal MCA occlusion,176 177, 178  and resolves on reperfusion.

The penumbra on perfusion imaging has been defined as regions where DWI is 

normal and TTP > 4 s,179 although, for practical purposes, any region that is abnormal on perfusion imaging but normal on DWI may represent salvageable tissue180. Among MRI  perfusion  parameters,  CBF,  MTT  and  TTP  appear  to  best  identify  all  affected tissue  (and  thereby  distinguish  penumbra  when  compared  to  DWI),181,  182  and  CBV seems  to  best  predict  the  final  infarct  volume. 183  Compared  to  final  infarct  volumes imaged  on  MRI,  the  sensitivities  of  CBF,  CBV,  and  MTT  for  detection  of  perfusion 
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Together,  perfusion  imaging  and  DWI  can  identify  tissue  that  is  at  the  risk  of 

infarction  but  amenable  to  salvage  with  revascularization.184  In  a  series  of  patients receiving IV thrombolytics for acute ischemic stroke and imaged both before and after 2 h of treatment, 78% of patients had complete resolution of perfusion lesions and 41% had resolution of DWI lesions.185 Perfusion–diffusion imaging has been used in clinical trials  to  select  patients  for  thrombolysis.  Intravenous  desmoplase  was  given  only  to patients with a DWI-PWI mismatch ≥ 20%, and the drug was found to be potentially effective in improving clinical outcomes.15, 16

 

MR ANGIOGRAPHY

MRA techniques fall into three categories:

1.  Time of flight.

(a)  Depends  on  a  strong  signal  from  the  blood,  and  the  effect  of  flow  on 

signal.

• Advantage: No contrast agent is used. • Disadvantages:  Acquisition  times  are  relatively  long  and  spin 

dephasing  in  areas  of  turbulent  flow  causes  signal  loss  that  may 

lead to overestimation of stenosis. Also, high signal from methemo-

globin in a blood clot can simulate the signal from flow, making it 

possible to miss a thrombosed vessel with this technique.

2.  Phase contrast.

(a) Obtains image contrast from differences in phases accumulated by sta-

tionary and moving spins in a magnetic field gradient.

• Advantages:  No  contrast  agent  is  used.  Less  likely  to  mistaken 

fresh clot for flowing blood as it is strictly flow-dependent.

• Disadvantages: Dependent on flow and prone to artifact.

3.  Contrast-enhanced MRA.

(a) Based on a combination of rapid 3D imaging and the T1-shortening effect 

of IV gadolinium.

–  Advantages:  High  signal-to-noise  ratios,  robustness  irre-

spective  of  blood  flow  patterns  or  velocities,  and  fast  image 

acquisition,  allowing  for  the  evaluation  of  larger  anatomic 

segments (from the aortic arch to the circle of Willis).

–  Disadvantage: Requires IV gadolinium, which carries a small 

risk  of  complications,  particularly  in  patients  with  renal 

insufficiency (see below).

Gadolinium and Nephrogenic Systemic Fibrosis

Gadolinium  is  a  chemical  element  with  an  atomic  number  of  64.  It  has  7 

unpaired electrons in its outer shell which hasten T1 relaxation and increase sig-

nal in the area of interest. Gadolinium alone is toxic, but not when combined with 

a chelating agent. Several FDA-approved gadolinium preparations are available. 

A study of high-dose gadolinium administration in a population with a high preva-

lence  of  baseline  renal  insufficiency,  showed  no  renal  failure  associated  with  its 

administration.186 The rate of anaphylactic reactions is also very low; in a survey 

of > 700,000 patients receiving gadolinium, the rate of serious allergic reactions 

was < 0.01% and most reactions were limited to mild nausea or urticaria.187

Nephrogenic  systemic  fibrosis  (aka  nephrogenic  fibrosing  dermopathy)  is 

strongly  associated  with  gadodiamide  (Omniscan™;  GE  Healthcare,  Princeton, 

NJ).188,  189  Although  most  patients  have  a  history  of  exposure  to  gadoliamide, 

other  gadolinium-based  agents  have  been  implicated.190  It  appears  to  occur  only 

in patients with renal insufficiency, generally in those requiring dialysis,190 and is 

dose-dependent.189 The condition consists of thickening and hardening of the skin 

of the extremities, due to increased skin deposition of collagen. The condition may 

develop rapidly and result in wheelchair-dependence within weeks. There may also 

be involvement of other tissue such as the lungs, skeletal muscle, heart, diaphragm, 

and esophagus.191 The mechanism is not understood. An estimate of the incidence 

of  this  syndrome  comes  from  an  internet-based  medical  advisory  originating  in 

Denmark, which reported that, of about 400 patients with severely impaired renal 

function, 5% were subsequently diagnosed with nephrogenic systemic fibrosis.192

Management consists of correction of renal function (usually dialysis), which 

may result in a cessation or reversal of symptoms193.
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IDENTIFICATION OF HEMORRHAGE ON MRI

Acute  hemorrhage  characteristics  on  MRI  are  summarized  in Table  9.8. 

Susceptibility-weighted  imaging  indicates  signal  loss  caused  by  the  presence  of deoxyhemoglobin,  and  can  help  identify  acute  cerebral  hemorrhage,  “microbleeds,” and intravascular clot.194 Asymptomatic microbleeds are caused by hypertension and amyloid angiopathy, and are found in up to 6% of elderly patients and 26% of patients with  prior  ischemic  stroke167.  The  finding  of  microbleeds  in  patients  with  acute ischemic  stroke,  may  predict  an  increased  risk  of  hemorrhage  transformation  after thrombolysis.  In  a  study  of  patients  undergoing  IA  thrombolysis  for  acute  ischemic stroke, microbleeds were found in 12% of patients prior to treatment. 195 Symptomatic hemorrhages occurred in 20% of patients with an evidence of prior microbleeds, com-pared to 11% of patients without prior microbleeds.

 

Table 9.8 MRI signal characteristics of cerebral hemorrhage

Time

since

ictus          Tissue         T1-weighted     T2-weighted    Susceptibility-

(days)      characteristics        image           image       weighted image

< 1           Oxyhemoglobin       Isointense to        Bright              Isointense to dark

dark

1–3         Deoxyhemoglobin     Isointense to       Dark              Dark

formation             dark

3–7         Intracellular           Bright              Isointense to        Dark

 methemoglobin                         dark

Weeks      Cell breakdown,       Bright             Bright             Dark

extracellular

 methemoglobin

Long term    Hemosiderin          Isointense, may     Very dark rim      Dark

 formation              have dark rim

 

9.7.        Appendix 2: NIH stroke scale

 

The  National  Institutes  of  Health  Stroke  Scale  (NIHSS)  is  widely  used  and  it 

provides important prognostic information.196–199

A detailed description of the NIHSS can be downloaded at http://www.ninds.nih.

gov/doctors/NIH_Stroke_Scale.pdf and a helpful booklet about the scale can be down-loaded from http://www.ninds.nih.gov/doctors/NIH_Stroke_Scale_Booklet.pdf.

Higher  scores  indicate  greater  stroke  severity  (Tables  9.9  and  9.10).  A  score  of 

≥  16  predicts  a  high  probability  of  death  or  severe  disability  whereas  a  score  of ≥6 predicts  a  good  recovery.199  Some  60–70%  of  acute  ischemic  stroke  patients  with  a baseline NIHSS score < 10 will have a favorable outcome after one year, compared to only 4–16% of patients with a score > 20. 200

 

Table 9.9 NIH stroke scale

1(a) Level of                           Alert                                                        0

consciousness

Drowsy 1

Stuperous 2

Coma 3

1(b) LOC questions                 Answers both correctly                                0

(continued)
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Table 9.9 (Continued)

Answers one correctly 1

Incorrect 2

1(c) LOC commands              Obeys both correctly                                0

Obeys one correctly 1

Incorrect 2

2. Best gaze                          Normal                                                0

Partial gaze palsy 1

Forced deviation 2

3.Visual                              No visual loss                                           0

Partial hemianopia 1

Complete hemianopia 2

Bilateral hemianopia 3

4. Facial palsy                         Normal                                                   0

Minor paralysis 1

Partial paralysis 2

Complete paralysis 3

5. Motor arm                      No drift                                              0

Drift 1

Some effort against gravity 2

No effort against gravity 3

No movement 4

UN = Amputation or join fusion

6. Motor leg                         No drift                                                 0

Drift 1

Some effort against gravity 2

No effort against gravity 3

No movement 4

UN = Amputation or join fusion

7. Limb ataxia                       Absent                                                0

Present in one limb 1

Present in two limbs 2

UN = Amputation or join fusion

8. Sensory                         Normal                                             0

Mild-to-moderate sensory loss 1

Severe to total sensory loss 2

9. Best language                    No aphasia                                            0

Mild-to-moderate aphasia 1

Severe aphasia 2

Mute, global aphasia 3

10. Dysarthria                       Normal                                                0

Mild-to-moderate dysarthria 1

Severe dysarthria 2

UN = Intubated or other physical barrier

11. Extinction and inattention         No abnormality                                         0

Visual, tactile, auditory, spatial, or personal  1

inattention

Profound hemi-inattention or extinction to  2

more than one modality

Administer the stroke scale items in the order listed. Record performance in each category after each subscale exam. Each score should indicate what the patient does, not what the examiner thinks the 

patient can do. Source: http://www.ninds.nih.gov/doctors/NIH_Stroke_Scale.pdf
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Table 9.10 NIH stroke scale score severity

Group           NIHSS score

Mild                    ≤ 6 Moderate              7–10 Moderately severe       11–15 Severe                 15–22 Very severe              ≤ 23

Source: Reference [201]
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10.1.      Carotid bifurcation lesions

 

10.1.1.     Indications and contraindications

The indications for carotid angioplasty and stenting (CAS) are in evolution. The 

original CAS trials and registries examined the use of CAS in patients considered to be at high risk of complications with CEA; therefore, most available clinical data on CAS is in this setting. Guidelines for CAS developed by a collaborative panel of inter-ventional  neuroradiolgists  (Table  10.1)  emphasized  that  CAS  be  used  in  patients  at high risk of complications with surgery. On August 30, 2004, the FDA approved the Accunet™                               ™ embolic protection device and the Acculink stent (Guidant, Santa Clara, CA)  for  the  treatment  of  patients  at  high  risk  for  adverse  events  from  CEA who require carotid revascularization and meet the following criteria:

1.  Patients  with  neurological  symptoms  and ≥ 50%  stenosis  of  the  common  or 

internal carotid artery by ultrasound or angiogram OR patients without neu-

rological symptoms and ≥80% stenosis of the common or internal carotid artery 

by ultrasound or angiogram, and

2.  Patients  must  have  a  reference  vessel  diameter  within  the  range  of  4.0  and 

9.0 mm at the target lesion.

On September 1, 2004, the Centers for Medicare and Medicaid Services (CMS) 

announced that CAS with EPD is reasonable and necessary and would be covered for the following patients:

1.  High risk for CEA, symptomatic, > 70% (must use FDA approved device)

2.  High risk, symptomatic, > 50%, (and enrolled in a post-approval trial)

3.  High risk, asymptomatic, > 80% (and enrolled in a post-approval trial)

Patients at high risk for CEA were defined as having significant comorbidities or ana-tomic risk factors (i.e., recurrent stenosis and/or previous radical neck dissection), and would be poor candidates for CEA in the opinion of a surgeon. Significant comorbid conditions included but were not limited to:

●   Congestive heart failure (CHF) class III/IV;

●   Left ventricular ejection fraction (LVEF) < 30%;

●   Unstable angina;

●   Contralateral carotid occlusion;

●   Recent myocardial infarction (MI);

●   Previous CEA with recurrent stenosis;

●   Prior radiation treatment to the neck;

● Other  conditions  that  were  used  to  determine  patients  at  high  risk  for  CEA 

in  the  prior  carotid  artery  stenting  trials  and  studies,  such  as  ARCHER, 

CABERNET, SAPPHIRE, BEACH, and MAVERIC II.

In  addition,  the  CMS  has  indicated  which  US  facilities  are  eligible  for  reimburse-ment. A list of these centers is available at www.cms.hhs.gov/coverage/carotid-stent-facilities.asp (Table 10.1).
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Table 10.1 Indications and contraindications for carotid angioplasty and stenting

A. Acceptable Indications for CAS

1. Symptomatic, severe stenosis that is surgically difficult to access (e.g., high bifurcation 

requiring mandibular dislocation)

2. Symptomatic, severe stenosis in a patient with a significant medical disease that would 

make the patient high risk for surgery

3. Symptomatic severe stenosis and one of the following conditions:  (a) Significant tandem lesion that may require endovascular therapy

  (b) Radiation-induced stenosis

  (c) Restenosis after CEA

  (d) Refusal to undergo CEA after proper informed consent

  (e) Stenosis secondary to arterial dissection

  (f) Stenosis secondary to fibromuscular dysplasia

  (g) Stenosis secondary to Takayasu arteritis

4. Severe stenosis associated with contralateral carotid artery occlusion requiring treatment 

before undergoing cardiac surgery

5. Severe underlying carotid artery stenosis revealed after recanalization of carotid occlusion 

after thrombolysis for acute stroke (presumed to be the etiology of the treated occlusion) 

or to enable thrombolysis for acute stroke

6. Pseudoaneurysm

7. Asymptomatic preocclusive lesion in a patient otherwise meeting criteria 1–3

B. Relative Contraindications

1. Asymptomatic stenosis of any degree, except in particular circumstances, as described 

above (A4, A6, A7)

2. Symptomatic stenosis associated with an intracranial vascular malformation

3. Symptomatic stenosis in a patient with a subacute cerebral infarction

4. Symptomatic stenosis in a patient with a significant contraindication to angiography

C. Absolute Contraindications

1. Carotid stenosis with angiographically visible intraluminal thrombus

2. A stenosis that cannot be safely reached or crossed by an endovascular approach

Definitions: Severe stenosis is 70% or greater diameter stenosis by NASCET measurement criteria. Preocclusive stenosis is 90% or greater diameter stenosis by NASCET criteria or NASCET definition of “near occlusion”1

From: Quality Improvement Guidelines for the Performance of Cervical Carotid Angioplasty and 

Stent Placement: Developed by a Collaborative Panel of the American Society of Interventional 

and Therapeutic Neuroradiology, the American Society of Neuroradiology, and the Society of 

Interventional Radiology.2 Reprinted with permission from the American Society of Neuroradiology

 

10.1.2.     Patient preparation

 

10.1.2.1.    Evaluation

1.  History and physical.

2.  Neurological exam.

3.  Blood work (CBC, Cr, PT, PTT)

4.  EKG

5.  Imaging

(a)  Baseline carotid duplex exam

(b)  Confirmatory study (e.g. CTA, MRA, or catheter angiogram).
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1.  Antiplatelet therapy:

(a)  Aspirin 325-mg PO QD for ≥ 3 days prior to the procedure and (b)  Clopidogrel (Plavix® 3  ) 75-mg PO QD for  ≥  3 days prior to the procedure.

Or

(c)  Aspirin 325-mg PO QD for ≥ 3 days prior to the procedure and (d)  Ticlopidine (Ticlid®) for ≥ 3 days prior to the procedure.4

● Adverse  reactions  include  rash,  gastrointestinal  side  effects,  neu-

tropenia  (2.4%),  thrombocytopenia,  aplastic  anemia,  and  throm-

botic thrombocytopenic purpura.5

● Neutropenia  occurs  in  2.4%  of  patients  and  may  appear  within  a 

few days.

● Monitoring  for  neutropenia:  CBC  with  absolute  neutrophil  count 

and peripheral smear should be done prior to initiation of therapy 

and every 2 weeks through the third month of therapy.

2.  Alternatively, a loading dose of Aspirin 325-mg PO and clopidogrel 300-mg PO 

can be given the day before or at least 5 h before the procedure.

3.  Place two peripheral IVs

4.  Place foley catheter

5.  NPO after midnight or 6 h prior to the procedure except for medications

6.  Hold routine antihypertensive medications on the morning of the procedure.

7.  Make sure that all devices that may be needed are available in the angio suite 

prior to the procedure.

 

10.1.3.     Endovascular technique

The technique of CAS varies slightly from case to case, depending on the clinical 

situation. The following is a general outline of the procedure used by the authors for most  patients.  As  with  any  neurointerventional  procedure,  the  case  can  be  divided into an access phase, and an intervention phase. In CAS, access consists of placing a guide  catheter  in  the  common  carotid  artery;  as  many  patients  in  this  setting  have extensive  atherosclerotic  disease  and  a  tortuous  aortic  arch  and  great  vessels,  a variety of techniques and devices exist to facilitate this procedure. The intervention phase  involves  negotiating  the  stenotic  lesion,  deployment  of  the  embolic  protection device,  pre-stent  angioplasty,  stent  deployment,  post-stent  angioplasty,  and  embolic protection  device  retrieval.  These  techniques  also  call  for  an  assortment  of  tips  and tricks to handle difficult situations.

10.1.3.1.    Access phase

1.  Patient  is  placed  on  the  angiography  table 

awake.

2.  An abbreviated neurological exam is rehearsed 

[image: ]

with the patient prior to draping (e.g., patient 

is  asked  to  say  “Methodist  Episcopal,”  show 

their  teeth  and  gums,  wiggle  their  toes,  and 

squeeze a rubber duck (Fig. 10.1) with the hand 

contralateral to the carotid being treated).

3.  Dorsalis pedis and posterior tibialis pulses are 

assessed and marked.

4.  The right or left groin is prepped, draped, and 

infiltrated with local anesthesia.

5.  A  5-French  sheath  is  placed  in  the  femoral 

artery.

6.  If the use of a femoral artery closure is planned, 

a femoral artery angiogram is done at the begin-

ning of the case (because a short femoral artery 

5-French sheath is easier to use to do a femoral 

artery angiogram with than a 90-cm sheath, as 

will be in place at the end of the case).                 Fig. 10.1 Rubber Duck – 

7.  A  loading  dose  of  IV  heparin  is  given  (70 U  Other squeaky toys may be 

kg−1)  and  5 min  later,  a  1–5-mL  specimen  of  substituted if a rubber duck 

blood  for  an  activated  clotting  time  (ACT)  is            is not available.
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drawn from the sheath (the volume of blood required depends on the type of 

ACT  machine  used).  The  ACT  should  be  kept  between  250  and  300 s  for  the 

duration of the procedure. Typically this may require a second IV loading dose 

if needed, but not more.

8.  A three-vessel diagnostic angiogram is obtained using a diagnostic catheter. PA, 

lateral, and ipsilateral oblique angiograms are done of the target vessel and quan-

titative measurements of the target vessel and stenotic lesion are made. A PA and 

lateral intracranial angiogram with injection of contrast into the ipsilateral CCA 

is necessary for later comparison to check for the possibility of thromboembolism 

within the intracranial circulation suspected during or after the procedure.

(a)  Optimal angiographic view of the carotid bifurcation is obtained – usu-

ally the lateral view. (Biplane imaging is best.)

(b)  Diameters of the CCA, the ICA, the region of greatest stenosis, and the 

length  of  the  lesion  (that  needs  to  be  covered  by  the  stent)  should  be 

calculated.

(c)  Devices are selected based on these vessel measurements: Embolic pro-

tection device, pre-dilation angioplasty balloon, stent, and post-dilation 

angioplasty balloon.

9.  The diagnostic catheter is then placed in the target CCA. An exchange-length 

wire is placed in the carotid system for exchange of the diagnostic catheter for 

a 6-F 90-cm sheath (e.g. Shuttle® sheath, Cook Inc., Bloomington, IN).

(a)  If  the  ECA  is  widely  patent  and  is  accessible  with  the  exchange  wire 

without  contacting  the  atherosclerotic  plaque,  then  a  0.035 in.  stiff 

300-cm  hydrophilic  wire  is  advanced  through  the  diagnostic  catheter, 

and  into  a  distal  branch  of  the  ECA,  such  as  the  internal  maxillary 

artery or the occipital artery.

(b)  If  the  ECA  is  occluded,  or  if  the  atherosclerotic  plaque  extends  into 

the  CCA  for  a  significant  degree,  a  stiff  J  wire  (e.g.,  Amplatz  Extra 

Stiff Guidewire 0.035 in. (Cook Inc., Bloomington, IN)  can be advanced 

through the diagnostic catheter and positioned in the distal CCA imme-

diately below the lesion.

10.  When  the  stiff  guidewire  has  been  positioned,  the  5-French  groin  sheath  is 

exchanged, over a tapered obturator, for the 6-French 90-cm sheath. The distal 

end  of  this  system  is  positioned  approximately  2 cm  proximal  to  the  carotid 

bifurcation (the tip of the Shuttle may undulate up and down with each cardiac 

cycle; the tip should therefore be positioned at a safe distance from the lesion, 

yet  distal  enough  in  the  common  carotid  to  maximize  stability  of  the  shut-

tle,  and  to  allow  the  tip  of  the  Shuttle  to  be  seen  on  the  fluoroscopic  image). 

The  exchange-length  wire  and  the  obturator  can  be  removed  from  the  sheath 

together; 5–10 mL of blood should be aspirated through the RHV into a waste 

bowl as the wire and obturator are removed. All catheter systems are flushed 

continuously with heparinized saline.

(a)  6-French 90-cm sheath device options;

●          ®            ® Shuttle –SL Flexor Tuohy-Borst Side-Arm Introducer Set (Cook 

Inc., Bloomington, IN).

–  Robust, stable sheath.

–  Tip: Remove the Tuohy-Borst valve that comes with the intro-

ducer set and replace it with a standard RHV.

●   Super  Arrow-Flex  Percutaneous  Sheath  Introducer  Set  (Arrow ®

International, Reading, PA).

–  Braided  sheath,  resistant  to  kinking  if  left  in  place  after 

 procedure.

–  Disadvantage: It can stretch if pulled back against resistance.

●            ®             ™ Pinnacle  Destination  Guiding  Sheath  (Terumo  Medical  Corp., 

Somerset, NJ).

–  Low profile, slick.

10.1.3.2.    Tips for difficult access cases

1.  Femoral artery access is limited (i.e. high grade iliac or femoral artery stenosis 

or occlusion)

(a)  Brachial artery approach6 (b)  Angioplasty and possible stenting of the iliac or femoral artery

2.  Aortic arch or great vessels are tortuous

(a)  Use the ECA to anchor the wire.
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● During the initial placement of the diagnostic catheter in the CCA, 

use an 0.035-in. hydrophilic wire to advance the diagnostic catheter 

into a branch of the ECA.

● Then remove the wire and replace it with a stiffer exchange-length 

wire, such as a 0.038-in. hydrophilic wire or an Amplatz X.

●   Then exchange the diagnostic catheter for the 90-cm sheath.

–  This technique works well in the left CCA using a Simmons 2 

catheter as the diagnostic catheter.

(b)  “Tower of power” technique to add stability to the 90-cm sheath:

●                                                           ® Advance  an  8-F  guide  catheter  (e.g.,  8-F  straight  Envoy  (Cordis 

Neurovascular, Miami Lakes, FL) inside of an 8-F 90-cm sheath.

(c)  Larger diameter 90-cm sheath (e.g., 7 F or 8 F) will add stability.

(d)  Buddy wire technique.

●   Use a larger diameter 90-cm sheath (e.g., 8-F sheath) and an 0.014 

or 0.018-in. wire anchored into a branch of the ECA.

(e)  Direct percutaneous CAS. 7

3.  If  you  lose  access  to  the  carotid  during  the  exchange  for  the  90-cm  sheath, 

access  to  the  common  carotid  artery  may  be  obtained  using  a  105 cm  6.5-F 

Slipcath®  curved  hydrophilic  catheter  (Cook  Inc.,  Bloomington,  IN)  placed 

through the sheath. The curved catheter is used to select the origin of the com-

mon  carotid,  and  a  0.038-in.  hydrophillic  wire  is  again  placed  in  the  common 

carotid or external carotid. The catheter and sheath can then be advanced into 

position.

4.  Tandem  stenoses  (e.g.,  atherosclerotic  stenosis  both  at  the  origin  of  the  CCA 

and at the bifurcation).

(a)  CAS of the origin lesion (see below), followed by CAS of the bifurcation 

lesion.

● Note:  after  CAS  of  the  origin  lesion,  it  is  important  to  maintain 

wire access through the first stent. Once an ostial stent is placed, 

with a small amount of the stent extending into the aortic arch (as 

planned), it is difficult to navigate a wire through the newly placed 

stent. If a EPD is used during treatment of the ostial lesion, once 

the first stent is placed, re-capture the EPD with a retrieval cath-

eter  and  then,  before  withdrawing  the  retrieval  catheter,  advance 

the 90-cm sheath (or guide catheter) over the retrieval catheter and 

into the CCA through the first stent.

10.1.3.3.    Intervention phase

Once the guide catheter is in place, a four-stage procedure for CAS is under-

taken. First, the embolic protection device is positioned. Second, pre-stent deploy-ment  angioplasty is performed to enlarge the stenotic region sufficiently to permit passage  of  the  stent.  Third,  the  stent  is  deployed;  and  fourth,  post-stent  deploy-ment angioplasty is done, if needed, to remodel and fully expand the stent. After each step, high-resolution biplane angiograms are obtained and neurologic exams are  performed  to  allow  for  prompt  recognition  of  any  changes  from  the  patient’s baseline status.

1.  Advance EPD.

(a)  Make a roadmap

(b)  Select a relatively straight segment of the ICA for placement of the distal 

protection  device  that  will  also  permit  the  device  to  be  at  least  2–3 cm 

distal to the lesion.

(c)  Guide  the  EPD  through  the  region  of  stenosis,  slowly  and  carefully  to 

avoid dislodging plaque.

2.  Deploy EPD.

(a)  The  radio-opaque  markers  on  the  EPD  should  be  well  visualized  and 

closely apposed to the wall of the vessel.

(b)  The  tip  of  the  EPD  wire  should  be  in  view  on  the  fluoroscope  (i.e.,  it 

should not be allowed to migrate too far into the intracranial ICA).

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

3.  Pre-dilation angioplasty

(a)  Objective: to open the stenotic region only enough to accommodate the stent.

(b)  A relatively small balloon should be used – typically 2.0 or 2.5-mm diam-

eter angioplasty balloon, and long enough to cover the plaque.

(c)  Blood pressure cuff is placed on continuous mode during angioplasty.
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(d)  A  circulating  nurse  should  be  standing  by  to  administer  atropine  and 

dopamine if necessary.

●      Pre-treat with atropine, 0.75-mg IV, for HR < ~60. ● If  not  pre-treated,  administer  atropine,  0.75-mg  IV  if  the  patient 

becomes bradycardic during the angioplasty.

●                                          −1     −1 Start  dopamine  infusion  at  2–5 mcg  kg  min  (and  increase  as 

needed to a maximum of 50 mcg kg−1 min−1)  for  a  significant 

drop in blood pressure during angioplasty (~SBP ≥ 25% below base-line, or SBP < 110 mmHg).

(e)  Once  the  balloon  is  in  position,  inflate  to  nominal  pressure briefly  (for 

1–2 s), then deflate.

● A brief balloon inflation is usually sufficient to “crack” the plaque 

while minimizing the chance of bradycardia and hypotension.

(f)  Remove the pre-dilation angioplasty balloon.

(g)  Do abbreviated neurological exam.

(h)  Do angiogram.

4.  Advance stent across lesion.

(a)  On the angiogram (and roadmap image), decide on the optimal position 

of the stent, and identify the precise location of the planned distal stent 

end location (i.e. where the self-expanding stent will begin deployment).

(b)  On an unsubtracted angiogram image, identify bony landmarks for the 

stent deployment targets (e.g., middle of the body of C2) that will allow 

precise deployment of the stent if the patient should move and the road-

map become degraded.

(c)  Carefully advance the stent into position.

● The EPD position should be monitored during this maneuver.

(d)  Do abbreviated neurological exam.

(e)  Do angiogram.

5.  Deploy stent.

(a)  Deploy smoothly and swiftly.

(b)  Okay to cross the origin of the ECA with the stent.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

6.  Post-dilation angioplasty (if needed).

(a)  Objective:

● To  widen  the  stenotic  region  if  the  degree  of  stenosis  after  stent 

deployment is still significant (> 30–40%).

● To  seat  the  stent  against  the  vessel  wall  if  it  does  not  appear  to 

be  firmly  apposed  to  the  plaque  and  vessel  wall  after  the  initial 

deployment.

(b)  The size of the angioplasty balloon is critical

● Diameter should be smaller than the diameter of the normal por-

tion of the ICA, to minimize the risk of bradycardia, asystole, and 

dissection.

● The  length  of  the  balloon  should  be  less  than  the  length  of  the 

deployed  stent;  an  angoplasty  balloon  longer  than  the  stent  can 

cause a dissection.

(c)  Again, the blood pressure cuff is placed on continuous mode and a circu-

lating nurse should be standing by to administer atropine and dopamine 

if necessary.

(d)  Once the balloon in position, entirely within the stent, inflate to nominal 

pressure briefly for 1–2 s, then deflate.

(e)  Remove the balloon.

(f)  Do abbreviated neurological exam.

(g)  Do angiogram.

7.  Retrieval of EPD.

(a)  The retrieval catheter should be advanced carefully through the stent.

(b)  The  EPD  should  be  retrieved  in  a  relatively  straight  segment  of  the 

ICA.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

8.  Final angiographic images are obtained.

(a)  Cervical PA and lateral, and intracranial PA and lateral angiograms.

9.  The shuttle is removed.

(a)  Options for management of the femoral artery puncture site:

● The  90-cm  sheath  can  be  exchanged  over  a  150-cm  0.035-in. 

hydrophilic wire for a closure device.
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● The 90-cm sheath can be exchanged for a short sheath (of equal or 

greater F size), and the short sheath can be removed later (when 

the heparin has worn off) and  a  compression  applied  to  the  punc-

ture site.

–  The 90-cm sheath can be partially withdrawn – so that only 

10–20 cm  remain  in  the  femoral  artery  –  and  looped  up  and 

taped  to  the  patient’s  groin.  It  can  be  removed  later,  and 

compression applied.

10.1.3.4.    Postprocedure management

1.  Complete neurological exam.

2.  Admit  to  the  NICU  or  step-down  unit  with  neuro  exams  and  groin  checks  Q 

1 h.

3.  Antiplatelet therapy:

(a)  Antiplatelet therapy: Aspirin 325-mg PO QD indefinitely and (b)  Clopidogrel (Plavix®) 75-mg PO QD for 30 days after the procedure

Or

(c)  Antiplatelet therapy: Aspirin 325-mg PO QD indefinitely and (d)  Ticlopidine (Ticlid®) for 30 days after the procedure.

i.  Note: Must monitor for neutropenia (see above)

4.  For patients with hypotension, requiring dopamine infusion:

(a)  Hypotension after CAS is usually self-limited and resolves within 1–2 days.

(b)  A cardiac work-up should be done to exclude an MI

●   EKG

●   Cardiac enzymes

5.  Routine follow-up carotid duplex exam

(a)  After procedure or on post-procedure day 1.

(b)  After one month.

(c)  After 6 months, then annually after that.

10.1.3.5.    CAS tips

1.  Operator experience and careful patient selection is critical. Patients with risk 

factors  for  complications  with  CAS  (see  below)  should  be  managed  by  experi-

enced operators or not treated by endovascular methods at all. Carotid endar-

terectomy (CEA) is still the “gold standard” for the treatment of atherosclerotic 

carotid stenosis.

2.  Prepare all of the devices needed for the procedure before the case, immediately 

prior to the groin stick. Place them in a stack on the back table or at the foot 

of the patient’s table, with each device separated by a sterile towel in the order 

that they will be used (e.g., put the EPD at the top, followed by the pre-dilation 

balloon directly underneath, etc). This will permit rapid and efficient access to 

each device as it is needed.

3.  Use embolic protection whenever possible.

4.  Do a hand-injection angiogram after each step, to check for dissections, intra-

luminal thrombi, positioning of devices, and documentation. If a complication 

should arise during or after the case, a complete set of angiograms can help sort 

out and manage the problem.

5.  Examine the patient after each step of the procedure (e.g., “Everything’s going 

fine, Mr. Smith. How are you? Wiggle your toes. Squeeze the rubber duck. Show 

me your teeth. Say, “Today’s a sunny day.” ”).

6.  Do not over-dilate during angioplasty. Itis better to under-size the angioplasty 

balloons than to over-size them, to minimize the risk of bradycardia and hypo-

tension and also embolic complications.8

10.1.3.6.    Tips for handling difficult CAS situations

1.  The region of stenosis is too narrow to permit navigation of a distal EPD.

(a)  May consider predilation of the lesion without distal protection, followed 

by placement of the EPD

● The greatest risk of embolic events appears to occur during stent 

deployment. 9  Also,  emboli  can  even  occur  during  passage  of  the EPD,  even  without  a  high  grade  stenosis.  Therefore,  careful 
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 predilation  with  a  small-diameter  balloon,  to  permit  the  use  of  a 

distal EPD, can be done in some cases with acceptable risk

(b)  Consider  using  a  proximal  balloon-occlusion  system  (e.g.,  MO.MA 

(Invatec, Roncadelle, Italy) ), or a f low reversal device (e.g., Parodi 

Anti-Emboli  System  (W.L.  Gore  &  Associates,  Newark,  DE) )if 

available.

2.  The  EPD  cannot  be  retrieved  (the  retrieval  catheter  cannot  be  advanced 

through the stent, or the EPD cannot fold up into the retrieval catheter.

(a)  Advance the 90-cm sheath up into and through the stent, if possible

(b)  Bring the EPD into the sheath.

(c)  Try using a curved retrieval catheter.

3.  Carotid is too tortuous to deploy EPD

(a)  Try tilting the patient’s head toward the opposite shoulder, to straighten 

out the vessel

(b)  Consider  using  a  balloon-occlusion  device  (e.g.,  Guardwire®  Temporary 

Occlusion and Aspiration System (Medtronic AVE, Santa Rosa, CA)

4.  In-stent restesnosis

(a)  Consider  endovascular  treatment only  if  the  in-stent  stenosis  is 

 symptomatic

● CAS changes the physiology of carotid artery disease. Most strokes 

from carotid atherosclerosis are embolic. CAS stabilizes the plaque, 

and restenosis after CAS may not have the same natural history as 

native carotid stenosis.

(b)  If treatment is necessary, consider using a cutting balloon.10

5.  Cryotherapy balloons are available (Polarcath™ Boston Scientific, Natick, MA) 

and may reduce the rate of restenosis caused by intimal hypertophy, but these 

have not been tested in the carotid or coronary circulations.

 

10.1.4.     Risk factors for CAS complications

Patient’s factors that elevate risk with CAS. Consider strategies to minimize risk 

in these patients or alternatives such as medical management or CEA.

1.  Tortuous anatomy.

(a)  Can impede access or positioning of the EPD.

(b)  Interferes with stability of the devices

2.  Long lesion or multiple lesions

(a)  Plaque debris may overwhelm EPD.

3.  Tandem lesions

(a)  e.g. CCA origin stenosis and bifurcation disease

(b)  Increases complexity of procedure

4.  Ulcerated lesion

5.  Bilateral carotid disease.

6.  Intraluminal thrombus

(a)  One of the two published absolute contraindications to CAS.2

7.  Echolucency on carotid ultrasound (grey-scale median ≤     11 25).

(a)  Dialysis-dependent  renal  failure  In  ARCHeR,  patients  with  dialysis-

dependent  renal  failure  had  a  stroke,  death,  and  myocardial  infarction 

rate of 28.6%.12

8.  Absence of hypercholesterolemia.13

 

10.1.5.     Management of neurological 

complications during or after CAS

1.  Prompt recognition of a neurologic change is critical.

2.  If a neurological change occurs during the case:

(a)  Perform angiograms of the cervical carotid system and the intracranial 

circulation

(b)  Look  for  intraluminal  thrombus,  intracranial  vessel  dropout,  or  slow-

ing  of  contrast  passage  through  distal  intracranial  vessels  (indicates  a 

shower of emboli into multiple small branches).

(c)  Look for signs of dissection caused by the angioplasty balloon or a distal 

dissection produced by the EPD.
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3.  Options for thrombolysis if needed:

(a)  IV GP IIb/IIIa inhibitor (e.g., eptifibitide or abciximab)

● Advantages:  Powerful  antiplatelet  agent,  particularly  useful  for 

platelet-rich thrombosis, which can occur with stent deployment

●   Disadvantages: Carries a risk of ICH, relatively long half-life. 14

● The  authors  prefer  abciximab,  which,  unlike  eptifibitide,  can  be 

reversed with platelet transfusion if necessary.

1.  Abciximab

(a)  Loading dose of 0.25 mg kg−1, followed by a 12 h intravenous infusion at 

a rate of 10 µ       −1 g min.

2.  Eptifibitide

(a)  Loading dose of 135 µ     −1                                             −1 g kg followed by a 20–24-h infusion of 0.5 µ g kg. (b)  Intra-arterial thrombolytic (e.g., tPA or urokinase)

●   Advantage: Short half-life ● Disadvantage: May not be as effective as a GP IIb/IIIa inhibitor if 

the thrombus is platelet-rich. Also carries a risk of ICH.

4.  Suspect ICH:

(a)  If angiogram does not show an occlusion to explain neurological change, 

or shows signs of mass-effect.

(b)  Particularly  if  the  patient  complains  of  a  headache,  and  a  Cushing’s 

response (i.e., hypertension and bradycardia) occurs.

(c)  Obtain  a  head  CT  if  an  ICH  is  suspected;  leave  the  sheath  in  place,  if 

possible, for the trip to the scanner

● The  90-cm  sheath  tip  can  be  pulled  down  into  the  aorta  and 

secured at the groin by looping and taping the excess sheath to the 

patient.

● Include a CT perfusion study along with the non-contrast head CT, 

if there is no evidence of ICH

–  May identify ischemic regions, clarify diagnosis.

●   If ICH is identified:

–  Reverse heparin with protamine (10-mg IV per 1,000 units of 

heparin given).

–  Maintain vigilant blood pressure control.

5. Hyperperfusion syndrome

(a)  Has been seen to occur in up to 5% of CAS cases;15 associated with ICH 

in 0.67%.16 Also a recognized complication of CEA.

(b)  Defined as: ipsilateral headache, nausea, focal seizures, or focal neuro-

logic deficit without radiographic evidence of infarction.

(c)  Presumed mechanism: A chronic low blood flow state because of carotid 

stenosis  leads  to  compensatory  cerebral  vasodilation  in  the  affected 

 territory,  and  loss  of  autoregulatory  capacity.  With  carotid  revascu-

larization,  an  abrupt  increase  in  CBF  occurs  without  autoregulatory 

control.

(d)  Time course: Symptoms can appear 6 h to 4 days after CAS.16 (e)  Risk factors (derived from CEA literature):17, 18

●      ICA stenosis ≥ 90% ●   Contralateral ICA stenosis or occlusion ●   Poor collateral flow ●   Hypertension ●   Recent cerebral ischemic event ●   Younger patient

(f)  Management: Vigilant blood pressure control, observation.

6.  Neurological  change  +  unremarkable  angiogram:  Consider transient  contrast 

encephalopathy 19 .

(a)  Head CT: cortical enhancement and edema.

(b)  Syndrome is self-limited; prognosis is good.

7.  Post-procedure neurological change

(a)  Some 25–30% of cerebral ischemic events with CAS occur 2–14 days after 

the procedure.13, 20

(b)  Work-up:

●   Head CT

●   Carotid duplex exam

(c)  Consider return to the angio suite for a diagnostic angiogram and pos-

sible intra-arterial thrombolysis

● Angiographic  improvement  has  been  seen  in  80%  of  patients  and 

clinical improvement in 40% in this setting.20
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8.  When angiography or CT imaging does not explain a neurological change, con-

sider MRI with diffusion-weighted imaging, which can identify subtle ischemic 

changes.

 

10.1.6.     CAS pearls

1.  Previously, GP IIb/IIIa inhibitors were used routinely during CAS. However, an 

increased risk of ICH was observed with these medications.14 The use of GP IIb/ IIIa inhibitors during CAS is now reserved for select cases.

2.  Pre-dilation angioplasty may reduce long-term stroke risk.21

(a)  Possible  mechanism:  improved  remodeling  of  the  plaque  prior  to  stent 

placement may stabilize the plaque. 22

3.  The  primary  advantage  of  self-expanding  stents  for  CAS,  compared  to  balloon-

mounted stents, is that self-expanding stents are less vulnerable to compression.23

4.  All filter devices have a pore size of 100 µm or larger; this may explain why the 

PercuSurge balloon has been found to capture significantly more particles than 

filter devices.24, 25

5.  Intraluminal  thrombi  are  more  easily  seen  on  high  speed  unsubtracted  angi-

ograms (7.5 or 15 fps) than on subtracted angiograms.26

6.  It is not unheard of to see some spasm in the vessel distal to the stent. This will 

resolve  spontaneously.  It  should  be  differentiated  from  residual  stenosis  not 

covered by the stent, or a dissection, which may require placement of a second 

stent to treat the residual stenosis.

10.1.6.1.    Embolic protection devices

Cerebral  embolization  of  debris  and  thombotic  material  during  CAS  is  a  major 

source  of  morbidity  during  CAS.  Embolic  protection  devices  have  evolved  to  pre-vent  embolization  during  CAS.  The  first  report  of  an  embolic  protection  technique described a triple coaxial catheter with a latex balloon mounted at the distal end.27 The ICA was occluded during stent placement, and debris was flushed and aspirated after  stent  deployment.  Since  then,  ICA  filters  and  flow-reversal  techniques28  have also  been  introduced.  The  use  of  embolic  protection  devices  has  been  wide-spread since about 2000; filter devices are currently most commonly used.

10.1.6.2.    Filter devices

The primary advantage of filter devices is the preservation of the flow through 

the ICA. Several devices are available. At this writing, the only FDA-approved device is the Accunet ™ (Guidant, Menlo Park, CA).

1.  Accunet™ (Guidant, Menlo Park, CA)

(a)  Device  sizes  (target  vessel  diameter)(mm):  4.5  (3.25–4.0);  5.5  (4.0–5.0); 

6.5 (5.0–6.0); 7.5 (6.0–7.0)

(b)  Trials: ARCHeR, CREST, CAPTURE

(c)  Comments: Polyurethane filter, 150-µm pore size. FDA-approved for CAS 

in high-risk patients.

2.  FilterWire EX™ (Boston Scientific Corp, Santa Clara, CA)

(a)  Size: One size fits all, for vessel diameter 3.5–5.5 mm

(b)  Trials: BEACH, CABERNET

(c)  Comments: Polyurethane filter, 110-µm pore size. Cleared for marketing 

in U.S. for saphenous vein grafts.

3.  Angioguard™ (Cordis Corp., Minneapolis, MN)

(a)  Device sizes (vessel diameter)(mm): 5 (3.5–4.5); 6 (4.5–5.5); 7 (5.5–6.5); 8 

(6.5–7.5)

(b)  Trials: SAPPHIRE, CASES

(c)  Comments: Polyurethane filter, 100-µm pore size.

4.  Emboshield™ (Abbott Laboratories, Abbott Park, Il)

(a)  Device sizes (mm): 3.0, 4.0, 5.0, 6.0.

(b)  Trials: SECuRITY, EXACT

(c)  Comments: Polyurethane filter, 140-µm pore size.

5.  SpideRX™ (ev3, Irvine, CA)

(a)  Sizes (mm): 3.0, 4.0, 5.0, 6.0, 7.0.

(b)  Trial: CREATE II
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(c)  Comments: Wire mesh filter. Design permits advancement of an 0.014-

in. microwire alone across stenotic region first, then placement of EPD 

over the microwire. Crossing profile: 2.9 F.

6.  Interceptor® PLUS (Medtronic, Inc., Santa Rosa, CA)

(a)  Offered in sizes to fit vessel diameters from 4.25 to 6.25 mm.

(b)  Trial: MAVErIC III

(c)  Comments:  Nitinol  wire  mesh  filter.  Crossing  profile:  2.7 F.  Has  been 

commercially released to European markets.

7.  Rubicon® (Rubicon Medical, Salt Lake City, UT)

(a)  Crossing profiles: 2.1, 2.4, 2.7 F. 100-µm pore size. Compatible with 6-F 

guide catheters.

10.1.6.3.    Balloon-Occlusion devices

Balloon  occlusion  techniques  involve  inflation  of  a  balloon  and  interruption  of 

flow in the ICA distal to the stenosis for the duration of the stenting procedure. After CAS,  aspiration  of  the  proximal  carotid  system  is  done  prior  to  balloon  deflation remove embolic material.

1.  Guardwire®  Temporary  Occlusion  and  Aspiration  System  (Medtronic  AVE, 

Santa Rosa, CA)

(a)  Sizes (mm): 2.5–5.0 and 3.0–6.0.

(b)  Trials: MAVErIC I and II.

(c)  Crossing profile: 2.8 F.

(d)  Comments:  Formally  known  as  PercuSurge.  Approved  in  the  U.S.  for 

saphenous  vein  grafts.  Export ®  Catheter  (Medtronic  AVE,  Santa  Rosa, CA) is designed to be used with the Guardwire for aspiration of debris.

(e)  Transient  neurological  changes  have  been  seen  in  up  to  5%  of  patient 

undergoing CAS with distal balloon occlusion.29, 30

2.  MO.MA (Invatec, Roncadelle, Italy)

(a)  “Endovascular clamping device,” emulates surgical clamping by simulta-

neous endovascular occlusion of the CCA (up to 13 mm in diameter) 

and the ECA (up to 6 mm in diameter). Blood is aspirated during or after 

the CAS procedure.

(b)  Trials: MO.MA, PRIAMUS.31 (c)  Comments: Not available in the U.S.

3.  Medicorp occlusive balloon (Medicorp, Nancy, France)32

(a)  Comments: Not available in the U.S.

10.1.6.4.    Flow-Reversal device

The flow-reversal technique involves placement of balloons in the ECA and CCA 

to  interrupt  flow  in  these  vessels  and  cause  retrograde  flow  in  the  ICA  to  prevent embolization into the intracranial circulation.28

1.  Parodi Anti-Emboli System (W.L. Gore & Associates, Flagstaff, AZ)

(a)  Temporarily reverses flow in the ICA during CAS. Balloons are inflated 

in the CCA and the ECA, and an outside connector with a filter creates 

an “external arteriovenous fistula” during CAS.

(b)  Comments: Requires an 11-F sheath.

(c)  Of all embolic protection devices, flow-reversal devices theoretically have 

the greatest chance of significantly reducing the cerebral blood flow dur-

ing CAS, but this has not been systematically tested.

10.1.6.5.    Stents

Most  stents  currently  in  use  for  CAS  are  self-expanding  stents,  and  are  avail-

able in tapered or straight designs. Open cell stents have struts that can extend into the lumen and can potentially interfere with passage of the EPD retrieval catheter, whereas closed cell stents do not have exposed struts. Selection of the stent is deter-mined  by  lesion  length  and  the  normal  diameter  of  the  artery.  The  stent  should  be oversized  by  1–2 mm  more  than  the  normal  arterial  caliber  and  should  completely cover the lesion. At diameters less than that of full expansion, self-expanding stents exert a chronic outward radial force that serves to maintain apposition of the stent to the vessel wall after deployment. If the stent will extend from the CCA into the ICA the stent should be sized according to the larger caliber of the CCA. Tapered stents are also available to accommodate the tapering of the vessel.
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1.  Acculink™ (Guidant, Menlo Park, CA)

(a)  Tapered stent diameters (proximal/distal)(mm): 10/7, 8/6.

(b)  Tapered stent lengths (mm): 30, 40.

(c)  Straight stent diameters (mm): 5, 6, 7, 8, 9, 10.

(d)  Straight stent lengths (mm): 20, 30.

(e)  Material: nitinol

(f)  Trials: CREST, CREATE II, ARCHeR

(g)  Comments: Open cell design. FDA approved.

2.  Xact™ (Abbott Laboratories, Abbott Park, IL).

(a)  Tapered stent diameters (proximal/distal)(mm): 10/8, 9/7, 8/6.

(b)  Tapered stent lengths (mm): 30, 40.

(c)  Straight stent diameters (mm): 7, 8, 9, 10.

(d)  Straight stent lengths (mm): 20, 30.

(e)  Material: nitinol.

(f)  Trials: ACT I, SECuRITY, EXACT

(g)  Comments: Closed cell design.

3.  Precise (Cordis Neurovascular, Miami Lakes, FL)

(a)  Tapered stent diameters: Auto-tapering

(b)  Tapered stent lengths (mm): 20, 30, 40.

(c)  Straight stent diameters (mm): 5, 6, 7, 8, 9, 10.

(d)  Straight stent lengths (mm): 20, 30, 40.

(e)  Material: nitinol

(f)  Trials: CASES, CREATE

4.  Wallstent (Boston Scientific Scimed, Maple Grove, MN)

(a)  Straight stent diameters (mm): 6, 8, 10.

(b)  Straight stent lengths (mm): 20, 30, 40.

(c)  Material: stainless steel

(d)  Trial: BEACH

(e)  Comments:  Stainless  steel  produces  extensive  artifact  on  MRI 

imaging.

5.  NexStent (Endotex)

(a)  Tapered stent diameters: self-tapering, all diameters 4–9 mm.

(b)  Tapered stent lengths (mm): 30.

6.  Exponent RX (Medtronic)

(a)  Tapered stent diameters (proximal/distal)(mm): 10/8, 9/7, 8/6.

(b)  Tapered stent lengths (mm): 30, 40.

(c)  Straight stent diameters (mm): 7, 8, 9, 10.

(d)  Straight stent lengths (mm): 20, 30.

(e)  Material: nitinol

(f)  Trials: MAVErIC, PASCAL

7.  Vivexx (Bard Peripheral Vascular)

(a)  Tapered stent diameters (proximal/distal)(mm): 12/8, 10/7, 8/6.

(b)  Tapered stent lengths (mm): 30, 40.

(c)  Straight stent diameters (mm): 5, 6, 7, 8, 9, 10, 12.

(d)  Straight stent lengths (mm): 20, 30, 40.

(e)  Material: nitinol

(f)  Trial: VIVA.

8.  Protege (ev3, Irvine, CA)

(a)  Tapered stent diameters (proximal/distal)(mm): 10/7, 8/6.

(b)  Tapered stent lengths (mm): 30, 40.

(c)  Straight stent diameters (mm): 6, 7, 8, 9, 10.

(d)  Straight stent lengths (mm): 20, 30, 40, 60.

(e)  Material: nitinol

(f)  Trial: CREATE

10.1.6.6.    Carotid stenting for dissection 

or pseudoaneurysm

1.  Indication: Symptomatic,  hemodynamically  significant  carotid  dissection  or 

pseudoaneurysm despite therapy with antiplatelet agents or anticoagulation.

2.  Pre-medication with antiplatelet agents is critical. In an emergency, treatment 

with an IV GP IIb/IIIa inhibitor can be given as a “bridge to therapy,” until an 

appropriate  loading  dose  of  ASA  and  clopidogrel  has  been  given  and  allowed 

time to take effect (2–5 h after oral administration).

3.  Use an EPD if possible
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(a)  Thromboembolic material may be present in the area of dissection even 

if not visible on angiography.

4.  Entire area of dissection should be covered by the stent, if possible; if not pos-

sible, then the proximal part of the dissection should be covered by the stent.

5.  The technique is generally the same as for CAS of atherosclerotic carotid bifur-

cation disease, although angioplasty is not usually needed for dissections.

6.  Be sure the guidewire and EPD is within the true lumen and not subintimal, 

otherwise angioplasty can make the dissection worse. If there is any question, 

advance a catheter distal to the dissection, do a gentle contrast injection for an 

arteriogram, and check that the catheter is in the true lumen and appropriate 

branches can be seen.

 

10.2.      Vertebral artery lesions

 

This  section  focuses  on  the  treatment  of  vertebral  artery  origin  stenosis,  as 

symptomatic  disease  attributable  to  extracranial  vertebral  artery  stenosis  distal  to the origin is less common.

 

10.2.1.     Extracranial vertebral artery stenosis 

distal to the origin

 

10.2.1.1.    Tips

1.  A CTA should be done prior to angioplasty, to exclude the presence of extrinsic 

factors (e.g., osteophytes).33

2.  The vertebral angiograms should be studied carefully to determine if spinal cord 

vessels arise near the stenotic lesion to be treated. Care must be taken to pre-

serve these vessels and protect them from occlusion by emboli or shifting plaque. 

A balloon test occlusion may be helpful prior to angioplasty and stent placement 

if there is concern the spinal cord vessels could be at risk of occlusion.

3.  A history of cervical spine manipulations and VBI symptoms should raise sus-

picion of vertebral artery injury.34

4.  If  VBI  symptoms  occur  with  rotation  of  the  head  to  one  side,  think Bow 

Hunter’s Stroke Syndrome (aka rotational VBI):

(a)  Characterized by occlusion or stenosis of the vertebral artery at C1–C2 

with head rotation

(b)  Usually caused by extrinsic compression of the vertebral artery, such as 

by osteophytes, a fibrous band,35 or a cervical disk herniation.36

(c)  Associated with a hypoplastic vertebral artery ending in PICA.37 (d)  Consider surgical decompression.38–40

 

10.2.2.     Indications

1.  Symptoms of VBI (must include at least two of the following symptoms): 41

(a)  Motor or sensory symptoms

(b)  Dysarthria

(c)  Imbalance

(d)  Dizziness or vertigo

(e)  Tinnitus

(f)  Alternating paresthesias

(g)  Homonymous hemianopia

(h)  Diplopia

(i)  Other cranial nerve palsies

(j)  Dysphagia

2.  Although  traditionally  vertigo  or  dizziness  in  the  absence  of  other  symptoms 

has not been regarded as indicative of VBI, recent evidence suggests that the 

opposite is true.42
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3.  MRI evidence of ischemic injury to the posterior circulation.

4. ≥ 50% stenosis of the vertebral artery by CTA, angiography, or MRA.

5.  Hypoplasia or stenosis affecting the contralateral vertebral artery.

 

10.2.3.     Contraindication

Intraluminal thrombus.

 

10.2.4.     Patient preparation

Same as for carotid bifurcation lesions (see above).

 

10.2.5.  Endovascular technique (vertebral artery 

origin lesions)

The technique for treating vertebral artery origin stenoses is similar to the tech-

nique  for  treating  carotid  bifurcation  lesions,  however,  the  critical  difference  is  that balloon-expandable  stents  are  preferred,  as  these  stents  allow  more  precise  deploy-ment than self-expanding stents, and are less prone to watermelon-seed.

1.  Patient is placed on the angiography table awake.

2.  An abbreviated neurological exam is rehearsed with the patient prior to drap-

ing.  Exam  should  include  posterior  circulation  elements  (e.g.,  visual  fields, 

extraocular movements, facial symmetry).

3.  Access  may  be  undertaken  from  the  femoral  artery;  however,  an  ipsilateral 

upper extremity approach (i.e., radial artery or brachial artery) may be more 

favorable, depending on the patient’s anatomy.

(a)  6-F or 7-F sheath. 4 or 5 F might be sufficient if a low-profile coronary 


stent is being used.

4.  A  diagnostic  angiogram  should  be  done,  including  the  ipsilateral  subclavian 

artery and vertebral artery. Angiography of the contralateral vertebral artery 

can help clarify distal vertebrobasilar anatomy.

5.  A  loading  dose  of  IV  heparin  is  given  (70 U  kg−1)  and  5 min  later,  a  1–5-mL 

specimen  of  blood  for  an  ACT  is  drawn  from  the  sheath.  The  ACT  should  be 

kept  between  250  and  300 s  for  the  duration  of  the  procedure.  Typically  this 

may require a second IV loading dose if needed, but not more.

6.  A 6-F guide catheter is placed in the subclavian artery adjacent to the vertebral artery.

(a)  The  guide  catheter  can  be  stabilized  if  necessary  by  the  passage  of  a 

0.014 or 0.018-in. buddy wire into the ipsilateral axillary artery.

(b)  Wire: 0.035in. or larger

(c)  Requires a larger guide catheter.

7.  Advance and deploy embolic protection device (EPD) if possible.

(a)  Use an EPD if: 43

●   Vertebral artery diameter is > 3.5 mm ●   Ulcerated target lesion.

(b)  Deploy EPD in a straight segment of the cervical vertebral artery ≥ 2 cm 

distal to lesion.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

8.  Pre-dilation angioplasty

(a)  Objective:  to  open  the  stenotic  region  only  enough  to  accommodate  the 

stent.

(b)  A relatively small balloon should be used – typically 2.0 or 2.5-mm angi-

oplasty balloon, and long enough to cover the plaque. Once the balloon is 

in position, inflate to nominal pressure, then deflate.

● Inflation of the balloon for a minute or more is necessary to “crack” 

the plaque while minimizing the chance of bradycardia and hypo-

tension.

(c)  Remove the pre-dilation angioplasty balloon.

(d)  Do abbreviated neurological exam.

(e)  Do angiogram.
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9.  Advance stent across lesion.

(a)  Measure the diameter of the normal-appearing vertebral artery distal to 

the lesion and select a stent matched to that diameter, and long enough 

to both cross the region of stenosis, extend into the subclavian artery by 

2–3 mm, and extend distal to the lesion by 3–5 mm.

(b)  On the angiogram (and roadmap image), decide on the optimal position 

of the stent, and identify the precise location of the planned distal stent 

end location (i.e. where the self-expanding stent will begin deployment). 

The stent should extend just barely into the subclavian artery.

● Failure to position the stent so that it extends into the subclavian 

artery  increases  the  risk  of  recurrent  stenosis.  (The  stenosis  can 

“watermelon-seed”  the  stent:  displace  it  distally  into  the  vessel 

beyond the stenosis.)

(c)  On an unsubtracted angiogram image, identify bony landmarks for the 

stent deployment targets (e.g., transverse process of C7 – check this) 

that will allow precise deployment of the stent if the patient should move 

and the roadmap become degraded.

(d)  Carefully advance the stent into position.

● The EPD position should be monitored during this maneuver.

(e)  Do abbreviated neurological exam.

(f)  Do angiogram.

10.  Deploy stent.

(a)  Inflate the balloon to nominal pressure and allow it to stay inflated for 

10–15 s if possible, to seat the stent.

(b)  Deflate the balloon.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

11.  Post-dilation angioplasty (if needed).

(a)  Objective:

● To  widen  the  stenotic  region  if  the  degree  of  stenosis  after  stent 

deployment is still significant.

●   To seat the stent against the vessel wall if it does not appear to be 

firmly apposed to the plaque after the initial deployment.

12. Retrieval of EPD.

(a)  The retrieval catheter should be advanced carefully through the stent.

(b)  The EPD should be retrieved in a relatively straight segment of the ver-

tebral artery.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

13. Final angiographic images are obtained.

(a)  Cervical PA intracranial PA and lateral angiograms.

14.  Note: Obtaining access to the distal vertebral artery can be difficult once the 

stent is placed (because the stent extends into the brachial artery). If access to 

the distal vertebral artery is needed (e.g., for treatment of a tandem stenosis), 

wire-access to the vertebral artery should be preserved until all procedures are 

completed.

(a)  Technique:

● Retrieve  the  EPD  with  the  EPD  retrieval  catheter,  but  keep  the 

EPD retrieval catheter in the vertebral artery, distal to the stent.

● Use the EPD retrieval catheter like a guidewire to navigate the guide 

catheter into position directly adjacent to the mouth of the stent.

● Advance a guidewire through the stent and into the distal vertebral 

artery.

●   Remove the EPD retrieval catheter.

 

10.3.      Carotid artery origin lesions

 

10.3.1.     Indications

1.  Symptomatic stenosis ≥50% by CTA, angiography, or MRA.

2.  Significant CCA origin stenosis in tandem with a distal carotid artery lesion for 

which endovascular treatment is planned.
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Intraluminal thrombus.

 

10.3.3.     Patient preparation

Same as for carotid bifurcation lesions (see above).

 

10.3.4.     Endovascular technique

The  technique  for  treating  CCA  origin  stenoses  is  similar  to  the  technique  for 

treating vertebral artery origin lesions. Balloon-expandable stents are preferred, as these stents allow more precise deployment than self-expanding stents, and are less prone to watermelon-seed. Begin by following steps

1.  Patient is placed on the angiography table awake.

2.  An abbreviated neurological exam is rehearsed with the patient prior to draping.

3.  Dorsalis pedis and posterior tibialis pulses are assessed and marked.

4.  The right or left groin is prepped, draped, and infiltrated with local anesthesia.

5.  A 5-F sheath is placed in the femoral artery.

6.  A diagnostic angiogram should be done, including aortic arch images.

7.  A  loading  dose  of  IV  heparin  is  given  (see  above  section  under  Carotid 

Bifurcation Lesions, Access Phase).

8.  A 90-cm 6-F sheath is placed in the aortic arch or innominate artery adjacent 

to the CCA (for technique see above section under Carotid Bifurcation Lesions, 

Access Phase).

(a)  The  90-cm  sheath  can  be  stabilized  if  necessary  by  passage  of  a  buddy 

wire into the right axillary artery.

●   Wire: 0.035 in. or larger ●   Requires a larger 90-cm sheath.

9.  Advance and deploy EPD.

(a)  Deploy EPD in a straight segment of the CCA ≥2 cm distal to lesion, but 

only if the vessel is appropriate for the rated size of the EPD. If the CCA 

diameter is too large, the EPD may be deployed in the internal carotid.

(b)  Do abbreviated neurological exam.

(c)  Do angiogram.

10.  Pre-dilation angioplasty

(a)  Objective:  to  open  the  stenotic  region  only  enough  to  accommodate  the 

stent.

(b)  A relatively small balloon should be used – typically 2.0 or 2.5 mm angi-

oplasty balloon, and long enough to cover the plaque. Once the balloon is 

in position, inflate to nominal pressure briefly (for 1–2 s), then deflate.

● A brief balloon inflation is usually sufficient to “crack” the plaque 

while minimizing the chance of bradycardia and hypotension.

(c)  Remove the pre-dilation angioplasty balloon.

(d)  Do abbreviated neurological exam.

(e)  Do angiogram.

11.  Advance stent across lesion.

(a)  Measure  the  diameter  of  the  normal-appearing  CCA  distal  to  the 

lesion and select a stent matched to that diameter, and long enough to 

both  cross  the  region  of  stenosis  and  extend  into  the  carotid  artery  by 

1–2 mm.

(b)  On the angiogram (and roadmap image), decide on the optimal position 

of the stent, and identify the precise location of the planned distal stent 

end location. The stent should extend 1–2 mm into the innominate artery 

or aortic arch.

(c)  Carefully advance the stent into position.

● The EPD position should be monitored during this maneuver.

(d)  Do abbreviated neurological exam.

(e)  Do angiogram.

12. Deploy stent.

(a)  Inflate the balloon to nominal pressure and allow it to stay inflated for 

10–15 s if possible, to deploy and seat the stent.

(b)  Deflate the balloon.
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(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

13. Post-dilation angioplasty (if needed).

(a)  Objective:

● To  widen  the  stenotic  region  if  the  degree  of  stenosis  after  stent 

deployment is still significant.

● To seat the stent against the vessel wall if it does not appear to be 

firmly apposed to the plaque after the initial deployment.

14.  Retrieval of EPD.

(a)  The retrieval catheter should be advanced carefully through the stent.

(b)  The  EPD  should  be  retrieved  in  a  relatively  straight  segment  of  the 

CCA.

(c)  Do abbreviated neurological exam.

(d)  Do angiogram.

15. Final angiographic images are obtained.

(a)  Cervical PA intracranial PA and lateral angiograms.

16.  Note: Obtaining access to the distal carotid artery can be difficult once the stent 

is placed (because the stent extends into the aortic arch or innominate artery). 

If access to the distal carotid artery is needed, wire-access to the CCA should 

be preserved until all procedures are completed.

(a)  Technique:

● Retrieve  the  EPD  with  the  EPD  retrieval  catheter,  but  keep  the 

EPD retrieval catheter in the CCA, distal to the stent.

● Use  the  EPD  retrieval  catheter  like  a  guidewire  to  navigate  the 

guide catheter into a position directly adjacent to the mouth of the 

stent.

●  Advance a guidewire through the stent and into the distal CCA or 

ECA.

●   Remove the EPD retrieval catheter.
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This  chapter  discusses  techniques  for  intracranial  angioplasty  and  stenting  for atherosclerotic arterial stenosis, and angioplasty and intra-arterial drug infusion for cerebral vasospasm after aneurysmal SAH.

 

11.1.  Intracranial atherosclerotic stenosis

 

11.1.1.  Indications for intracranial angioplasty 

and stenting

Position  Statement  on  Intracranial  Angioplasty  and  Stenting  for  Cerebral 

Atherosclerosis by the ASITN, SIR, and ASNR*,1:

1.  For  symptomatic  patients  with  > 50%  intracranial  stenosis  who  have  failed 

medical  therapy,  balloon  angioplasty  with  or  without  stenting  should  be  con-

sidered.

2.  Patients who have an asymptomatic intracranial arterial stenosis should first 

be  counseled  regarding  optimizing  medical  therapy.  There  is  insufficient  evi-

dence  to  make  definite  recommendations  regarding  endovascular  therapy  in 

asymptomatic  patients  with  severe  intracranial  atherosclerosis.  They  should 

be  counseled  regarding  the  nature  and  extent  of  their  disease,  monitored  for 

new  neurological  symptoms,  and  have  periodic  noninvasive  imaging  at  regu-

lar  intervals  of  6–12  months  (MRA  or  CTA)  initially,  and  later  with  cerebral 

angiography  if  warranted.  Optimal  prophylactic  medical  therapy  should  be 

instituted, which might include antiplatelet and/or statin therapy.

3.  Continued evaluation and improvements in both pharmacological and catheter-

based therapies are needed to reduce the possibility of stroke from intracranial 

atherosclerosis.

 

11.1.2.     Contraindications

1.  Patient inability to have antiplatelet therapy and/or anticoagulation.

2.  Highly calcified lesions or anatomy which prevent endovascular access.

 

11.1.3.     Patient preparation

 

11.1.3.1.    Evaluation

1.  History and physical.

2.  Neurological exam.

3.  Blood work (CBC, Cr, PT, PTT).

4.  EKG.

5.  Imaging:

(a)  Brain CT or MRI.

(b)  Brain vascular study (CTA, MRA, or catheter angiogram).

*  ASITN,  American  Society  of  Interventional  and  Therapeutic  Neuroradiology;  SIR,  Society  of Interventional Radiology; and ASNR, American Society of Neuroradiology.
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(c)  CBF  study  (e.g.,  PET,  xenon  CT  with  acetazolamide  challenge,  or 

SPECT) can confirm diagnosis of intracranial hemodynamic failure and 

identify cerebral territories at risk of ischemic injury.

11.1.3.2.    Preprocedure preparation

1.  Antiplatelet therapy:

(a)  Aspirin 325 mg PO QD for ≥ 3 days prior to the procedure and (b)  Clopidogrel (Plavix®) 75 mg PO QD for ≥ 3 days prior to the procedure.2 Or

(c)  Aspirin 325 mg PO QD for ≥ 3 days prior to the procedure and (d)  Ticlopidine (Ticlid ®                                   3 ) for ≥ 3 days prior to the procedure:

● Adverse  reactions  include  rash,  gastrointestinal  side  effects,  neu-

tropenia  (2.4%),  thrombocytopenia,  aplastic  anemia,  and  throm-

botic thrombocytopenic purpura.4

● Neutropenia  occurs  in  2.4%  of  patients  and  may  appear  within  a 

few days.

● Monitoring  for  neutropenia:  CBC  with  absolute  neutrophil  count 

and peripheral smear should be done prior to initiation of therapy 

every 2 weeks through the third month of therapy.

2.  Alternatively, a loading dose of Aspirin 325 mg PO and clopidogrel 300 mg PO 

can be given the day before or at least 5 h before the procedure.

3.  Place two peripheral IVs.

4.  Place foley catheter.

5.  NPO after midnight or 6 h prior to the procedure except for medications.

6.  Ensure all devices required are available in the angio suite prior to the procedure.

 

11.1.4.     Endovascular technique

The  access  phase  involves  placing  a  guide  catheter  in  the  internal  carotid  or 

vertebral  artery.  The  intervention  phase  includes  advancing  a  microwire  across  the stenotic lesion, followed by angioplasty with or without stent deployment.

11.1.4.1.    Awake or asleep?

Intracranial  angioplasty  can  be  uncomfortable,  as  stretching  and  pulling  on 

intracranial vessels are painful. Although the authors of this handbook use general anesthesia  in  most  cases,  good  results  are  obtained  without  anesthesia.  The  avoid-ance  of  anesthesia  permits  continuous  neurological  surveillance  and  eliminates anesthesia-associated risks:

1.  Patients  who  are  awake  should  rehearse  the  neurological  exam  on  the  angio 

suite  table  prior  to  draping.  A  squeeze  toy  should  be  placed  in  the  patient’s 

hand contralateral to the side being treated.

2.  In  a  report  of  37  intracranial  angioplasty  and  stenting  cases  without  general 

anesthesia,  technical  success  was  achieved  in  all  patients.5  About  61%  expe-rienced  intraprocedural  symptoms  that  led  to  some  alteration  of  the  inter-

ventional  technique.  Headache  was  the  most  common  symptom,  and,  when 

persistent, signaled the occurrence of intracranial hemorrhage.

11.1.4.2.    Access phase

Patients with intracranial atherosclerosis are also prone to extracranial disease. 

The  reader  is  referred  to  Chap.  10, Extracranial  Angioplasty  and  Stenting  for  a detailed  discussion  of  access  techniques  and  tips  for  difficult  situations.  Compared to  other  intracranial  procedures,  angioplasty  procedures  require  extra-rigid  guide catheter support:

1.  The  patient  is  placed  on  the  angiography  table  and  placed  under  general 

anesthesia, if anesthesia is planned.

2.  Dorsalis pedis and posterior tibialis pulses are assessed and marked.

3.  The right or left groin is prepped, draped, and infiltrated with local anesthesia.

4.  A 6 French sheath is placed in the femoral artery:
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(a)  A  7  or  (rarely,  8  French)  sheath  should  be  used  if  arterial  monitoring 

through the sheath is planned.

5.  An  angiogram  is  done  using  a  diagnostic  catheter.  Angiograms  of  the  access 

vessel (carotid or vertebral artery) and PA and lateral views of the intracranial 

circulation are taken prior to the intervention.

(a)  Examination  of  the  carotid  or  vertebral  artery  is  necessary  for  guide 

catheter selection and also to check the presence of atherosclerosis and 

fibromuscular dysplasia.

(b)  Before and after intracranial images are necessary for comparison and to 

assess for thromboembolic complications.

6.  Systemic  anticoagulation.  Thromboembolic  complications  can  occur  during 

angioplasty,  when  there  is  slowing  of  flow  in  the  parent  vessel  caused  by 

the  guide  catheter,  or  in  the  target  vessel  by  the  microwire  or  angioplasty 

balloon.

(a)  A loading dose of IV heparin is given (70 U kg−1) and 5 min later, a 5 mL 

specimen of blood for an activated clotting time (ACT) is drawn from the 

sheath. The guide catheter is placed in the ICA or vertebral artery only 

after the heparinization is therapeutic (usually 5 min or more after the 

IV  loading  dose  is  given,  or  after  the  ACT  has  been  found  to  be  in  the 

target range). The ACT should be kept for 250–300 s for the duration of 

the procedure. Additional doses of heparin are necessary only for cases 

lasting several hours.

(b)  Protamine on standby – Critical:

A syringe containing enough protamine to reverse the total amount of 

heparin the patient has received should be kept on the back table 

for easy access to the operator, should hemorrhage occur:

–  Dose  of  protamine  required  to  reverse  heparin:  10 mg  pro-

tamine/1,000 U heparin.

7.  Guide catheter selection:

(a)  The authors prefer to use one of two guide catheters, depending on the 

situation:

●          ™ NeuronIntracranial Access System (Penumbra, Inc., San Leandro, 

CA).

–  Advantages: Extremely soft and flexible; able to be positioned 

within the distal intracranial ICA or vertebral artery.

–  Disadvantages:  Less  stable  than  other  catheters,  very  slip-

pery.  Can  be  pushed  out  of  the  access  vessel  if  the  catheter 

is not in a distal-enough position. Only the distal tip is radio-

opaque; the radiolucent shaft can be difficult to see on fluor-

oscopy.

●   Guider Softip XF guide catheter (Boston Scientific, Natick, MA): ™

–  Advantages:  Soft,  atraumatic  tip.  Minimizes  risk  of  vasos-

pasm and dissection in narrow, tortuous vessels.

–  Disadvantages:  Relatively  flimsy,  prone  to  fall  into  the  arch 

when the vasculature is tortuous.

●         ® Envoy (Cordis Neurovascular, Miami Lakes, FL):

–  Advantages:  Relatively  rigid,  provides  a  good  platform  in 

tortuous vessels, large internal lumen.

–  Disadvantages: Stiff, sharp-edged tip.

(b)  Guide catheter size:

● The  guide  catheter  should  be  90 cm  long  (and  not  longer)  for  use 

with the Wingspan stent system.

●      6 French for most cases. ● 5 French if the vessel caliber is small and collateral circulation is 

limited:

–  e.g., for use in a small vertebral artery when the contralateral 

vessel is hypoplastic.

–  Disadvantage:  Angiograms  with  a  microcatheter  or  balloon 

in place are more difficult to obtain because of limited space 

within the guide catheter.

(c)  Straight or angled?

●   Straight guide catheter is useful in relatively straight vessels, or in 

situations where the guide catheter is gently navigated through a 

convoluted vessel:

–  Usually requires exchanging (see below).

–  Preferred for the vertebral artery.
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●   Angled guide catheter is useful when the final position of the cath-

eter tip is in a vessel curve:

–  Angled  catheters  are  easier  to  navigate  through  the  aortic 

arch than straight catheters.

(d)  Alternative guide catheters:

●                               ® 6 French 90 cm Cook Shuttle (Cook, Inc., Bloomington, IN):

–  Very large, stable platform.

–  See Chap. 10 for technique.

●      6  French  Northstar  Lumax  Flex  Catheter  (Cook,  Inc., ®          ®

Bloomington, IN):

–  Device  contour  consists  of  a  smooth,  tapered  transition 

between  the  guidewire,  inner  dilator,  and  catheter,  which 

minimizes trauma to vessel walls.

–  Disadvantages:

(a)  Very stiff.

(b)  Extremely  lubricious  (may  cause  the  catheter  to  slide 

out of vessels).

8.  Guide catheter placement technique:

(a)  Direct navigation method:

● Useful in patients with nontortuous, nonatherosclerotic vessels.

● An  angled  Guide  catheter  is  gently  navigated  into  the  carotid  or 

vertebral artery over a 0.035 or 0.038 in. hydrophilic wire.

(b)  Exchange method:

● Useful in patients with tortuous anatomy, atherosclerosis, or fibro-

muscular dysplasia. This technique minimizes risk of injury to the 

carotid or vertebral artery, particularly at the vessel origin.

● A 5 French diagnostic catheter is guided into the CCA or vertebral 

artery over an exchange-length (300 cm) wire.

● The tip of the wire is advanced into a distal branch of the ECA or 

the distal extracranial vertebral artery (usually the first 90° turn 

of the vessel at C2) using road mapping technique.

● The diagnostic catheter is then gently removed while the tip of the 

hydrophilic wire is continuously visualized on fluoroscopy.

● The  hydrophilic  wire  is  wiped  down  with  a  dripping-wet  Telfa 

sponge.

● The  guide  catheter  is  advanced  over  the  wire  while  continuously 

visualizing the tip of the wire.

(c)  Guide catheter position:

● Guide  catheter  support  is  more  important  for  intracranial  angi-

oplasty  procedures  than  most  other  intracranial  interventions. 

Angioplasty  balloons  and  stents  are  relatively  rigid  and  difficult 

to navigate; forward motion of these devices can cause unexpected 

high  amounts  of  downward-directed  force  on  the  guide  catheter. 

Therefore, due caution may be observed in guiding catheter selec-

tion and positioning.

● Carotid  system.  Using  road  mapping,  the  guide  catheter  is 

advanced  over  a  hydrophilic  wire  into  the  ICA  as  distally  as  pos-

sible. A “high position” of the guide catheter maximizes stability of 

the guide and improves control over the microcatheter and micro-

wire. In a nontortuous, healthy carotid system, the authors prefer 

to position the tip of the guide catheter in the vertical segment of 

the petrous ICA. In a cervical ICA with a significant curve in the 

vessel, the guide can be adequately positioned immediately proxi-

mal to the curve. Moderate curves in the vessel can be straightened 

out  by  guiding  a  relatively  stiff  hydrophilic  wire  (e.g.,  a  0.038 in. 

wire) through the affected segment, followed by the catheter.

● Vertebral  artery.  Using  road  mapping,  the  guide  catheter  is  posi-

tioned  in  the  distal  extracranial  vertebral  artery,  usually  at  the 

first curve (at C2).

● Once  the  catheter  is  in  position,  a  gentle  injection  of  contrast 

through the guide catheter under fluoroscopy is done, to examine 

the  configuration  of  the  vessel  around  the  tip  and  to  check  for 

the  presence  of  vasospasm  or  vessel  dissection  around  the  tip.  If 

catheter tip-induced vasospasm is present and flow-limiting, with-

drawal of the catheter tip by several millimeters is often sufficient 

to restore flow.
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● The catheter tip may slide up and down and rub against the vessel 

wall  with  each  heart  beat;  this  is  to  be  taken  into  account  when 

positioning the catheter.

9.  Guide catheter irrigation:

(a)  Continuous  irrigation  of  the  guide  with  heparinized  saline  (5,000 U 

heparin per 500 mL saline) is important.

(b)  Meticulous care is necessary throughout the operation to guide catheter 

RHV to identify thrombus or bubbles, should they appear.

10.  Tips to minimize guide catheter-induced vasospasm:

(a)  Withdraw the catheter into a lower segment of the vessel when signifi-

cant catheter-induced vasospasm appears.

(b)  Keep the catheter tip away from kinks and bends in the vessel if possible.

(c)  Use a smaller guide catheter.

(d)  Use a soft-tipped guide catheter (e.g., Guider Softip™ XF guide catheter 

(Boston Scientific, Natick, MA) ).

(e)  Use  Visipaque™  (GE  Healthcare,  Princeton,  NJ)  contrast  instead  of 

Omnipaque; according to the manufacturer, this contrast material is less 

spasmogenic than Omnipaque®.

(f)  Use a guide catheter with an inner obturator (e.g., Northstar® Lumax®

Flex Catheter (Cook, Inc., Bloomington, IN) ).

(g)  Use  nitroglycerin  paste  on  the  patient’s  neck  ipsilateral  to  the  access 

vessel:

●   Dose: 1–5 in. ● Efficacy is unclear; however nitroglycerin paste has been reported 

to improve cerebral vasospasm after subarachnoid hemorrhage.6

● Drawback: Can cause hypotension and headache in awake patients. 

In  patients  under  general  anesthesia,  the  dose  (i.e.,  the  number 

of  inches)  of  paste  is  adjusted  to  maintain  blood  pressure  within 

normal limits.

(h)  Selective injection of IA nitroglycerin (30 mcg per injection):

● This  can  help  distinguish  vasospasm  from  vessel  dissection,  if  a 

dissection is suspected.

11.1.4.3.    Intervention phase

Once the guide catheter is in position, a good “working view” must be obtained. 

The  working  view  should  be  under  high  magnification  and  demonstrate  the  target lesion and distal vessels, and guide the catheter clearly. In most situations, a micro-catheter is advanced through the stenotic intracranial vessel over an exchange-length microwire.  The  purpose  of  the  microcatheter  is  to  facilitate  atraumatic  and  smooth passage of the microwire into a distal vessel; the microcatheter is then removed and the  balloon  is  guided  over  the  microwire  into  position  within  the  region  of  stenosis. If  stenting  is  planned,  the  “pre-dil”  balloon  is  removed  and  the  stent,  either  a  self-expanding  (e.g.,  Wingspan ™  (Boston  Scientific,  Natick,  MA) )  or  a  balloon-mounted stent is navigated into position and the stent is deployed.

11.1.4.4.    Device selection

Essential devices for intracranial angioplasty include an exchange-length micro-

wire,  a  microcatheter,  and  a  balloon.  The  Wingspan™ ™   Stent  System  with  Gateway

PTA Balloon Catheter (Boston Scientific, Natick, MA) has been specifically designed for intracranial angioplasty and stenting. It has been recently introduced and is avail-able  on  a  Humanitarian  Device  Exemption  basis;  the  use  of  the  Wingspan  system currently requires IRB approval. The Wingspan devices and technique are discussed in detail in a separate section below.

1.  Microwires:

(a)  “Beefiness,”  trackability  and  torque  control  are  microwire  properties 

that  are  most  important  for  intracranial  angioplasty.  A  relatively  soft 

distal  tip  is  helpful  as  well,  to  minimize  the  chances  of  distal  vessel 

vasospasm and perforation.

(b)  The authors preferred microwire for most cases:

●            ™ Transend  0.014 in.  300 cm  Floppy  Tip  (Boston  Scientific,  Inc., 

Natick, MA):

–  Superior torque control, compared to other microwires.
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–  Heightened radiopacity makes the tip easy to see on fluoros-

copy.

●   X-Celerator 0.014 in. 300 cm (ev3, Irvine, CA): ™

–  Soft tip, relatively supportive body, very lubricious.

2.  Microcatheters:

(a)  A low profile, straight microcatheter, usually of any kind, is sufficient.

(b)  The  1.7  French  Echelon-10  microcatheter  (ev3,  Irvine,  CA)  can  be 

pushed  through  tortuous  and  stenotic  vessels  better  than  other  micro-

catheters.

3.  Angioplasty balloons:

(a)  Noncompliant coronary angioplasty balloons are designed to create suf-

ficient radial force to dilate vessels thickened by atherosclerotic plaque.

NC: noncompliant:

●   Selected balloons:

–  Gateway™  PTA  Balloon  Catheter  (to  be  used  with  the 

Wingspan stent – see below).

–  Maverick2™  Monorail™  Balloon  Catheter  (Boston  Scientific, 

Natick, MA).

–  NC Ranger™ Balloon Catheter (Boston Scientific, Natick, MA). –  NC Raptor ™ (Cordis, Miami, FL).

(b)  Size:

● The  diameter  of  the  balloon  should  correspond  to  or  be  smaller 

than the normal diameter of the vessel; 2.0–2.5 mm diameter bal-

loons are usually appropriate.

● The length of the balloon should be kept to a minimum, to optimize 

trackability.

4.  Stents:

(a)  Wingspan (see below).

(b)  Balloon-mounted  stents  are  problematic  in  intracranial  circulation, 

as  they  are  fairly  rigid  and  difficult  to  track  in  tortuous  vessels.  More 

importantly,  the  intracranial  arteries,  which  float  freely  in  CSF,  are 

not  surrounded  by  fibrous  connective  tissue  like  coronary  arteries  and 

they  are  more  vulnerable  to  dissection  and  perforation  during  deploy-

ment of balloon-mounted stents. Relatively high complication rates have 

been  reported  with  balloon-mounted  stents.5,7,8  The  introduction  of  the Wingspan  stent  has  made  balloon-mounted  stents  nearly  obsolete  for 

intracranial stenting procedures:

● If  a  balloon-mounted  stent  must  be  used,  cobalt–chromium  coro-

nary  stents  are  the  easiest  to  deliver  compared  to  other  balloon-

mounted stents. 5

11.1.4.5.    Angioplasty without stent deployment

Angioplasty  alone  is  less  morbid  than  angioplasty  and  stenting  with  balloon-

expandable  stent.  By  itself,  angioplasty  is  a  reasonable  option  for  patients  with symptomatic intracranial stenosis, particularly because intracranial stenting has not yet been shown to reduce the risk of stroke, and the use of a stent (even the Wingspan system)  adds  complexity  and  expense  to  the  procedure.  The  balloon  should  be  sized to cover the length of the lesion, and the diameter should be ≤ the normal diameter of the vessel. Refer to Wingspan Gateway angioplasty procedure, described below, for a discussion of technique.

11.1.4.6.    Balloon-Expandable stent deployment

The use of balloon-expandable stents in the intracranial circulation is associated 

with relatively high complication rates5,7,8 and should be avoided if possible. Balloon-expandable  stents  are  appropriate  in  selected  cases,  when  the  Wingspan  system  is not available, such as symptomatic intracranial stenotic lesions that do not respond to angioplasty alone, or intracranial dissections.

11.1.4.7.    Wingspan procedure

The manufacturer of the Wingspan™ Stent System with Gateway™ PTA Balloon 

Catheter  has  obtained  a  Humanitarian  Device  Exemption  from  the  United  States 

 

370                  11.1. Intracranial atherosc  lerotic stenosis                                                             ENDOVASCULAR TREATMENT FDA. The system is authorized for use in improving cerebral artery lumen diameter in  patients  with  intracranial  atherosclerotic  disease,  refractory  to  medical  therapy, in intracranial vessels with ≥ 50% stenosis that are accessible to the system. An IRB approval is currently necessary to use the system.

1.  Devices:

(a)  Guide  catheter  should  be ≥ 6  French  and ≤ 90 cm  long,  to  accommodate 

the Wingspan system.

(b)  Microwire.  Transend ™  0.014 in.  300 cm  Floppy  Tip  (Boston  Scientific, 

Inc., Natick, MA) is the recommended microwire.

(c)  Gateway™ PTA Balloon Catheter:

●   The  Gateway  is  a  modified  version  of  the  Maverick     Balloon 2™

Catheter, with silicone coating on the balloon and hydrophilic coat-

ing  on  the  catheter  to  facilitate  access.  Radio-opaque  markers  on 

the balloon permit visualization of the proximal and distal ends of 

the balloon on fluoroscopy.

●   Available sizes:

–  Balloon  diameters  (mm):  1.5,  2.0,  2.25,  2.75,  3.0,  3.25,  3.5, 

3.75, 4.0.

–  Balloon lengths (mm): 9, 15, 20.

–  Nominal  inflation  pressure:  6 atm.  Rated  burst  pressure: 

12 atm. (14 atm. for 2.25–3.25 mm diameters only).

●   Size selection:

–  Plan angioplasty to achieve approximately 80% of normal ves-

sel diameter. For example, for a vessel with a 3.0 mm normal 

diameter, angioplasty to produce a diameter of about 2.4 mm 

would be appropriate.

–  If the target vessel has different diameters proximal and dis-

tal to the lesion, size the balloon to the smaller of the two.

●   Preparation:

–  Use 50/50 mixture of contrast in heparinized saline.

–  Prepare the insufflater and attach it with a three-way stop-

cock and an empty 20 mL syringe to the balloon catheter.

–  Apply suction to the balloon but do not pre-inflate it.

–  Continuously flush through the lumen of the balloon catheter 

with heparinized saline via a stopcock and a rotating hemo-

static valve.

(d) Wingspan™ Stent:

● The  Wingspan  is  a  3.5  French  nitinol  over-the-wire  (OTW)  self-

expanding  stent.  The  design  is  very  similar  to  the  Neuroform2™ stent (Boston Scientific, Natick, MA); it has four platinum markers 

at  each  end  for  visualization,  and  is  deployed  from  the  delivery 

microcatheter  (called  the  “outer  body”)  with  the  “inner  body”;  the 

inner body is analogous to the “stabilizer” device which is used to 

deploy Neuroform stents.

●   Available sizes:

–  Stent diameters (mm): 2.5, 3.0, 3.5, 4.0, 4.5.

–  Stent lengths (mm): 9, 15, 20.

●   Size selection:

–  Select  a  stent  length  which  extends  a  minimum  of  3 mm  on 

both sides of the lesion.

–  If  the  target  vessel  has  different  diameters  proximal  and 

distal to the lesion, size the stent to the larger of the two.

–  After deployment, the stent may shorten up to 2.4% in 2.5 mm 

stents and up to 7.1% in 4.5 mm stents.9

●   Preparation

–  The  Wingspan  system  should  be  flushed  with  heparinized 

saline, as indicated in the diagram on the package.

–  The  more  flushes,  the  better.  Continuous  flushes  with 

heparinized  saline  should  be  connected  via  stopcocks  and 

RHVs to both the Wingspan deployment catheter (the “outer 

body”) and the inner body.

–  The tapered tip of the inner body should be loosened slightly, 

with about 1 mm of space between the spearhead-shaped tip 

of the inner body and the distal end of the outer body, to allow 

adequate  flushing  and  prevent  “corking,”  or  binding  of  the 

inner  body  tip  to  the  outer  body  catheter.  During  flushing, 
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heparinized  saline  should  be  seen  dripping  from  the  inner 

lumen and from between the inner and outer bodies.

2.  Technique:

(a)  Angioplasty:

● The  Gateway  balloon  may  be  taken  up  primarily,  over  a  nonex-

change-length microwire, if the anatomy is favorable. Alternatively, 

an exchange-length microwire can be advanced into a distal intrac-

ranial  vessel  within  a  microcatheter,  which  can  be  exchanged  for 

the Gateway balloon.

● After  flushing,  advance  the  balloon  catheter  over  the  microwire 

into the guide catheter. When positioned at the RHV, a marker on 

the  balloon  catheter  shaft  indicates  the  guide  catheter  tip.  This 

feature saves fluoro time.

● With  roadmap  guidance,  advance  the  balloon  until  the  balloon 

markers are across the lesion. Perform a guide catheter angiogram 

with the balloon in position, to confirm proper positioning.

● Inflate  the  balloon  slowly  to  nominal  pressure,  at  a  rate  of 

~1 atm./10 s, under fluoroscopy. When the balloon is fully inflated, 

leave it up for another 10–20 s and then deflate. Do a guide catheter 

angiogram prior to removing the balloon.

● In most cases a single inflation will be sufficient. Occasionally, a sec-

ond inflation, at a slightly higher pressure (e.g., 8 atm.) is helpful.

(b)  Stent deployment:

● Tighten the RHV on the inner body to prevent its migration – and 

advance the outer body of the Wingspan system over the exchange-

length microwire:

–  The delivery system should be advanced only by grasping the 

outer  body,  to  avoid  inadvertently  advancing  the  inner  body 

and prematurely deploying the stent.

●   Advance the outer body slightly past the region of stenosis. ● Using  the  marker  bands  to  identify  the  position  of  the  stent, 

advance the inner body just proximal to the stent.

● Pull back on the outer body, to bring the outer body tip into position 

just past the region of stenosis; this should be the final maneuver 

prior to stent deployment.

● Deploy the stent by holding the inner body in a stable position with 

the right hand, while, with the left hand, slowly withdraw the outer 

body.

–  Do  not  attempt  to  change  the  position  of  the  stent  during 

deployment.

● Once the  stent is deployed,  bring the deployment system into the 

proximal part of the vessel, or into the guide catheter, while leaving 

the microwire in position. Do a guide catheter angiogram.

3.  Gateway and Wingspan tips9:

(a)  Do not over tighten the RHV around the balloon catheter shaft.

(b)  If the balloon is difficult to inflate, remove it and use another device.

(c)  If  the  balloon  watermelon-seeds  (i.e.,  slips  forward  or  backward  during 

inflation)

● Apply  gentle  traction  to  the  balloon  catheter  during  inflation,  to 

stabilize the balloon and prevent it from migrating distally during 

inflation, or

●   Select a longer balloon.

(d)  If the stent system binds with the microwire during navigation through 

tortuous vessels:

● Affirm that adequate flush is being applied to both the inner and 

outer body catheters.

●   Try  a  softer  microwire  (e.g.,  Synchro2-14,  Boston  Scientific, ®

Natick, MA).

(e)  Keep in mind that the tapered tip of the inner body extends for 10–12 mm 

past the distal tip of the outer body, and is radiolucent (in contrast to the 

Neuroform system, which does not have anything that extends out of the 

deployment catheter). Care should be taken to avoid jamming the distal 

end of the system into a curving vessel.

(f)  Once the stent catheter is advancing over the microwire, advantage may 

be taken of the forward momentum and tracking continued to a site dis-

tal to the lesion. It is easier to move the system from distal to proximal 

than vice versa.
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(g)  If the stent is malpositioned during deployment, consider placing a sec-

ond stent.

11.1.4.8.    Postprocedure management

1.  Complete neurological exam.

2.  Admit  to  the  NICU  or  step-down  unit  with  neuro  exams  and  groin  checks  Q 

1 h.

3.  Antiplatelet therapy:

(a)  Antiplatelet therapy: Aspirin 325 mg PO QD indefinitely and (b)  Clopidogrel (Plavix®) 75 mg PO QD for ≥ 30 days after the procedure:

● Note: Some operators maintain patients on dual antiplatelet ther-

apy for 3–6 months, longer than is usually done for cervical carotid 

or Neuroform stent cases. Cardiologists are recently moving toward 

longer  periods  of  dual  antiplatelet  treatment  (3,  6,  or  12  months) 

after  coronary  angioplasty  and  stenting.10  It  can  be  argued  that atherosclerotic intracranial arteries are similar in size and pathol-

ogy to similarly-diseased coronary arteries.

Or

(c)  Antiplatelet therapy: Aspirin 325 mg PO QD indefinitely and (d)  Ticlopidine (Ticlid®) for 30 days after the procedure:

●   Note: Monitor for neutropenia.

4.  Most patients can be discharged from the hospital postprocedure day 1 or 2.

11.1.4.9.    Intracranial angioplasty tips

1.  Operator  experience  and  careful  patient  selection  is  critical.  No  Class  I  data 

exists  yet  to  show  that  intracranial  angioplasty  and  stenting  is  beneficial  to 

patients;  therefore,  the  odds  must  be  stacked  in  the  patient’s  favor.  Patients 

undergoing intracranial angioplasty should be managed by experienced opera-

tors or not treated by endovascular methods at all.

2.  All devices needed for the procedure are to be prepared before the case, imme-

diately prior to the groin stick and placed in a stack on the back table or at the 

foot of the patient’s table, with each device separated by a sterile towel in the 

order that they will be used. This will permit rapid and efficient access to each 

device as required.

3.  A  hand-injection  angiogram  has  to  be  done  after  each  step,  to  check  for  con-

trast  extravasation,  dissection,  intraluminal  thrombi,  positioning  of  devices, 

and documentation. If a complication should arise during or after the case, a 

complete set of angiograms can help sort out and manage the problem.

4.  If the patient is awake, a brief neurological exam after each step of the proce-

dure has to be completed.

5.  Overdilation during angioplasty should be avoided. It is better to undersize the 

angioplasty balloons than to oversize them.

6.  In-stent restenosis:

(a)  Consider  endovascular  treatment only  if  the  in-stent  stenosis  is 

 symptomatic.

(b)  If  treatment  is  necessary,  consider  doing  a  redo  angioplasty  with  or 

without another stent.

 

11.1.5.  Management of intracranial complications 

during or after intracranial angioplasty

1.  Prompt recognition of a change is critical.

2.  If an abrupt change in blood pressure or heart rate occurs, or if a neurological 

change occurs in an awake case:

(a)  Obtain AP and lateral intracranial angiograms.

(b)  Look  for  contrast  extravasation  and  other  signs  of  vessel  perforation 

(such as a wire tip in the wrong location) intraluminal thrombus, intrac-

ranial  vessel  dropout,  or  slowing  of  contrast  passage  through  distal 

intracranial  vessels  (indicates  a  shower  of  emboli  into  multiple  small 

branches).

 

ENDOVASCULAR TREATMENT                                             11.1. Intracranial atherosc  lerotic stenosis                  373

(c)  Look for signs of dissection caused by devices.

3.  Options for thrombolysis if needed:

(a)  IV GP IIb/IIIa inhibitor (e.g., eptifibitide or abciximab):

● Advantages:  Powerful  antiplatelet  agent,  particularly  useful  for 

platelet-rich thrombosis, which can occur with stent deployment.

●                                        11 Disadvantages: Carries a risk of ICH, relatively long half-life. ● The  authors  prefer  abciximab,  which,  unlike  eptifibitide,  can  be 

reversed with platelet transfusion if necessary:

–  Abciximab:

Loading dose of 0.25 mg kg−1, followed by a 12-h intravenous infusion at a rate of 10 µg min−1.

–  Eptifibitide:

Loading dose of 135 µg kg−1 followed by a 20–24 h infusion of 0.5       −1      –1 µ g kg min.

(b)  Intra-arterial thrombolytic (e.g., tPA or urokinase):

●   Advantage: Short half-life. ● Disadvantage: May not be as effective as a GP IIb/IIIa inhibitor if 

the thrombus is platelet-rich. Also carries a risk of ICH.

4.  Intracranial hemorrhage:

(a)  Suspect a hemorrhage if sudden hypertension or bradycardia occurs, or 

if the patient complains of a headache.

(b)  Do an angiogram – look for contrast extravasation.

(c)  If ICH is identified:

● Reverse  heparin  with  protamine  (10 mg  IV  per  1,000  units  of 

heparin given).

●   Maintain tight blood pressure control. ●   Platelet transfusion (to reverse antiplatelet medications).

(d)  Obtain a head CT; leave the sheath in place for the trip to the scanner.

5.  Postprocedure neurological change:

(a)  Obtain head CT.

(b)  Consider return to the angio suite for a diagnostic angiogram and pos-

sible intra-arterial thrombolysis.

6.  When angiography or CT imaging does not explain a neurological change, con-

sider MRI with diffusion-weighted imaging, which can identify subtle ischemic 

changes.

 

11.2.      Endovascular treatment 

of cerebral vasospasm

 

11.2.1.  Indications for endovascular treatment 

of cerebral vasospasm

1.  New onset of a neurologic change not due to other causes.

2.  Radiographic evidence of ischemia due to vasospasm in a brain territory that 

corresponds  to  the  neurologic  deficit,  with  or  without  prior  treatment  with 

hyperdynamic therapy:

(a)  Some operators advocate a trial of hyperdynamic therapy for vasospasm 

prior  to  performing  angioplasty,12  while  others  prefer  to  do  angioplasty on an emergent basis.13

(b)  In contrast to treatment of acute ischemic stroke, evidence of infarction 

on CT is not necessarily a contraindication to treatment:

● In a series of 17 cases in which angioplasty was done despite a CT 

scan  showing  a  new  hypodensity,  there  was  no  hemorrhages  or 

worsening of symptoms. 14 There was resolution of the CT hypoden-sities in 5 of the 17 patients and a majority of the patients improved 

clinically.

3. Balloon angioplasty is an option for symptomatic vasospasm affecting intracra-

nial arteries >1.5 mm in diameter, 15 such as the intracranial ICA, the M1, A1, and the vertebral and basilar arteries and P1 segments.
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4. Intra-arterial injection of pharmacologic agents is an option for vessels that are 

not  accessible  or  safely  treatable  with  a  balloon,  such  as  distal  ACA  or  MCA 

branches, or the A1 segment (which can be difficult to reach with a balloon).

11.2.1.1.    Awake or asleep?

Symptomatic  vasospasm  typically  manifests  as  confusion  and  a  decline  in 

the  level  of  consciousness,  making  it  difficult  for  patients  to  cooperate  with  an  endovascular procedure. General anesthesia makes the procedure easier and safer. A practical alternative to general anesthesia is to intubate the patient prior to the procedure (usually in the Neuro ICU) and place him or her on a mechanical venti-lator with chemical paralysis and continuous analgesia and sedation.

 

11.2.2.     Techniques

 

11.2.2.1.    Access phase

The  procedure  for  carotid  or  vertebral  artery  access  for  vasospasm  is  nearly 

identical to that used for angioplasty for atherosclerotic intracranial stenosis as seen above. Several issues pertinent to treatment of vasospasm are:

1.  Speed.  Endovascular  treatment  of  vasospasm  is  a  variant  of  endovascular 

treatment  of  acute  ischemic  stroke  –  see  Chap.  9, Thrombolysis  for  Acute 

Ischemic Stroke – therefore treatment should proceed as swiftly as possible. For 

example, if general anesthesia is planned but not quickly available, the patient 

can  be  brought  to  the  angio  suite,  prepped,  and  groin  access  obtained  while 

anesthesia is arranged.

2.  Guide catheter positioning depends on whether balloon angioplasty is planned, 

or  if  IA  drug  infusion  only  is  anticipated.  Balloon  angioplasty  requires  the 

guide  catheter  be  placed  as  high  as  possible,  for  maximal  support,  whereas 

drug  infusion  through  a  microcatheter  can  be  accomplished  with  the  guide 

catheter in a relatively low position.

3.  Use of systemic heparin:

(a)  Systemic heparinization can be used in selected patients, but is associ-

ated  with  theoretical  increased  risk  of  hemorrhage  in  postcraniotomy 

patients:

● Procedural  anticoagulation  with  systemic  heparinization  can  be 

done safely in SAH patients with a ventriculostomy.16,17

● Systemic heparinization in patients with a recent craniotomy car-

ries a 1.8% risk of major hemorrhage.18

(b)  Systemic  heparin  should  be  reserved  for  cases  in  which  there  is  guide 

catheter-induced interruption of antegrade flow in the access vessel, or 

a relatively long period of interruption of flow in an intracranial vessel 

due to the microcatheter or angioplasty balloon:

●   A  loading  dose  of  IV  heparin  is  given  (70 U  kg )  and  5 min  later, −1

a  5 mL  specimen  of  blood  for  an  activated  clotting  time  (ACT)  is 

drawn from the sheath. The ACT should be kept between 250 and 

300 s for the duration of the procedure.

11.2.2.2.    Balloon angioplasty

1.  Device selection:

(a)  There are two views about the kind of balloon to use to treat vasospasm, 

i.e., compliant or noncompliant balloons. The arguments for and against 

each kind of device are summarized in Table 11.1. Good results have been obtained  with  either  device19;  the  authors  of  this  handbook  are  evenly divided in their preference:

●   Compliant balloons:

–  HyperGlide™ (ev3, Irvine, CA):

Available sizes: 4 × 10 mm; 4 × 15 mm; 4 × 20 mm; 4 × 30 mm.

–  HyperForm™ (ev3, Irvine, CA):
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Table 11.1 Balloon selection for angioplasty for vasospasm

Advantages                        Disadvantages

Compliant balloons

• More easily placed in small, tortuous vessels • The diameter of the balloon varies greatly 

with the amount of inflation. Overdilation 

and rupture of the vessel is a greater threat 

than with noncompliant balloons

• Balloon and catheter are softer and less trau-

matic to vessels

• Smaller, softer microwires are less likely to 

traumatize or perforate the vessel

• Balloon can be inflated and deflated  • Lower inflation pressure may require multi-

repeatedly, since it deflates completely.  ple inflations to adequately dilate the target 

(Noncompliant balloons get “krinkly” after  vessel. Occasionally, the low pressure bal-

one inflation) loon will not adequately open the affected 

vessel

• With slow, careful, low pressure inflation, the 

balloon gently teases open the vessel

• Single-lumen balloons, such as the 

Hyperglide and Hyperform, can be deflated 

quickly and easily by withdrawing the wire 

(Note: the balloon cannot be reinflated after 

it is deflated by pulling back on the wire)

Noncompliant balloons

• If appropriately sized for the target vessel,  • Heavier, bulkier, and more rigid than compli-

they will be less likelihood of overdilation           ant balloons

and/or rupture of the vessel, since they reach 

the nominal size and then stop inflating

• They are used with a 0.014 in. microwire,  • They require a heavier microwire for support, 

which provides more torquability and sup- which may carry a greater risk of vessel 

port than smaller wires                           injury or perforation

• Because they are difficult to navigate into  • Noncompliant balloons get “krinkly” after 

small distal vessels, angioplasty is usually  one inflation, increasing possibility of vessel 

limited to larger proximal vessels, where one  injury when maneuvering a balloon that has 

is less likely to face problems                      already been inflated and deflated

 

Available sizes: 4 × 7 mm; 7 × 7 mm.

–  For  most  cases  the  HyperGlide ™  4  ×  10 mm  balloon  is  most 

suitable.

●   Microwires:

(a)  X-pedion ™  0.010 in.  microwire  (ev3,  Irvine,  CA).  This  wire 

comes  with  the  HyperGlide  balloon  and  is  useful  in  most 

cases.

(b)  Synchro2®-10  (Boston  Scientific,  Natick,  MA).  This  wire  is 

more  steerable  than  the  X-pedion  and  has  an  added  advan-

tage  of  being  slightly  smaller,  so  that  slow  contrast  leakage 

will  occur  from  the  balloon  when  it  is  inflated,  which  helps 

prevent overinflation of the balloon.

●   Noncompliant balloons: –  Maverick 2™         ™  Monorail  Balloon  Catheter  (Boston  Scientific, 

Natick, MA).

(a)  A wide range of sizes are available; the 1.5 × 9 mm and the 2.0 

× 9 mm sizes are most suitable.

–  NC  Ranger ™  Balloon  Catheter  (Boston  Scientific,  Natick, 

MA).

–  NC Raptor™ (Cordis, Miami, FL).

2.  Compliant balloon technique with the HyperGlide system:

(a)  Preparation:

● Attach the HyperGlide balloon catheter to an RHV and flush with 

50/50 contrast in heparinized saline.
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[image: ]

Fig. 11.1                                 ™                        ™ Set-up for using the HyperGlide and Hyperform systems. Cadence 1 mL 

 

syringe (C), 3 mL syringe containing 50/50 contrast in heparinized saline (S), X-pedion 

microwire (X), and balloon catheter (B).

 

Compliant balloon catheter assembly

●                 ™ Fill a Cadence Precision Injector (1 mL syringe) (ev3, Irvine, CA) 

with 50/50 contrast in heparinized saline and attach it to the side 

port of the RHV (Fig. 11.1).

● Insert  the  X-pedion  microwire  through  the  RHV  until  the  distal  tip 

emerges from the distal tip of the balloon catheter, and shape the tip.

● Note:  The  microwire  should  not  be  allowed  to  extend  more  than 

10 cm beyond the tip of the balloon catheter; if it extends any fur-

ther than 10 cm the balloon will not function correctly. To prevent 

this, advance the microwire until the tip of the microwire is 4–5 cm 

and then tighten the torque device onto the microwire at the mouth 

of the RHV.

● Test inflation. Place the distal end of the balloon catheter in a bowl 

of sterile saline and use the Cadence syringe to fully inflate the bal-

loon under direct visualization (the maximum rated volume for the 

4 × 10 mm HyperGlide balloon in 0.16 mL). During the first infla-

tion,  the  balloon  typically  inflates  in  an  eccentric  manner,  which 

is  why  a  test  inflation  is  required.  Subsequent  balloon  inflations 

should be symmetric.
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Table 11.2 HyperGlide balloon inflation volumes

Infusion volume (mL)       Balloon size (mm)

0.02                           2.0 0.04                           2.6 0.06                           3.0 0.08                           3.3 0.10                           3.5 0.12                           3.7 0.14                           3.9 0.16                           4.1

Infusion volume required for the 4 × 10 mm HyperGlide balloon22

 

(b)  Angioplasty technique:

● Advance  the  microwire  and  balloon  into  the  target  vessel  under 

roadmap fluoroscopy.

●   Carefully  and  gently  inf late  the  balloon  under  f luoroscopic 

visualization:

–  For the 4 × 10 mm HyperGlide balloon, see Table 11.2 for infu-

sion volumes required to obtain each balloon diameter.

●   Deflate the balloon with the Cadence syringe:

–  Note: Do not withdraw the microwire into the tip of the bal-

loon catheter unless rapid deflation of the balloon is needed, 

as  this  will  introduce  blood  into  the  balloon  catheter;  the 

manufacturer  recommends  the  balloon  not  be  inflated  once 

this happens.

● Reposition the balloon for additional angioplasties as needed.

3.  Noncompliant balloon technique with the Maverick angioplasty balloon:

(a)  Preparation:

●   Use 50/50 mixture of contrast in heparinized saline. ● Prepare the insufflater and attach it with a three-way stopcock and 

an empty 20 mL syringe to the balloon catheter.

●   Apply suction to the balloon but do not pre-inflate it. ● Continuously flush through the lumen of the balloon catheter with 

heparinized saline via a stopcock and a rotating hemostatic valve.

(b)  Angioplasty technique:

● The balloon can be taken up primarily, without exchanging over an 

exchange-length microwire, when the target vessel is fairly proximal, 

like  the  ICA  or  the  vertebral  artery,  and  sometimes  the  basilar 

artery. For treatment of the M1 and A1 segments, and frequently the 

basilar artery, exchange-length microwire should be advanced within 

a  microcatheter  first.  With  the  microwire  tip  positioned  in  a  distal 

vessel, the microcatheter is then exchanged for the balloon catheter.

● The balloon is advanced into position under roadmap guidance and 

inflated to the appropriate pressure briefly, for 1–2 s. It has to be 

ensured that the balloon is completely deflated before it is reposi-

tioned.

–  Eskridge  and  Song20  recommend  a  four-step  angioplasty 

technique,  in  which  the  balloon  is  sequentially  inflated  and 

deflated  at  progressively  larger  diameters  and  advanced  a 

slight distance after each inflation (25% inflation, deflation, 

50%  inflation,  deflation,  75%  inflation,  deflation,  and  then 

100% inflation).

● Reposition the balloon for additional angioplasties as needed.

4.  Angioplasty tips:

(a)  In general, the smaller and shorter the balloon, the better.

(b)  Work in a proximal-to-distal direction. Improvement in the caliber of proxi-

mal vessels will sometimes lead to the same in distal vessel calibers.

(c)  In  cases  of  severe  vasospasm,  when  the  target  vessel  is  too   constricted 

to  accept  the  balloon,  pretreatment  by  intra-arterial  injection  of 
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 nitroglycerin,  20 mcg,  can  help.  A  microcatheter  is  positioned  in  the 

proximal part of the vessel and the drug is slowly infused. A very limited 

amount  of  papaverine  is  usually  safe  and  effective  for  this  maneuver; 

other  drug  options  include  nitroglycerine,  nicardipine  and  verapamil. 

Nitroglycerin  works  faster  than  other  agents  used  for  vasospasm,  such 

as nicardipine and verapamil:

● Some  operators  recommend  that  pharmacologic  dilation  prior  to 

angioplasty should be avoided, on the basis that predilation makes 

angioplasty  less  likely  to  work.  Theoretically,  angioplasty  is  effec-

tive because it stretches the vessel wall, and dilation of the vessel 

before angioplasty may make this less likely to occur.

(d)  When  both  the  A1  and  M1  segments  require  treatment,  angioplasty  of 

the A1 segment should be attempted first.21 If infusion of a vasodilating agent into the A1 segment after successful treatment of the M1 segment, 

the  drug  may  be  diverted  away  from  the  A1  segment  and  into  the  M1 

segment:

● Alternatively, temporary balloon occlusion of the M1 segment can 

help divert the drug into the ACA.20

 

11.2.2.3.    Infusion of pharmacologic agents

Intra-arterial  administration  of  the  calcium  channel  blockers  nicardipine, 

nimodipine, and verapamil has been reported. No single agent has been shown to be more efficacious than the others. Parenteral nimodipine is not currently available in the United States. IA infusion of these agents can be used to treat vessels that cannot be dealt with, or are difficult to treat with balloon angioplasty, such as distal branches and  the  A1  segment.  IA  papaverine  administration  is  no  longer  recommended.  See Chap.  13, Intracranial  Aneurysms  and  Subarachnoid  Hemorrhage,  for  a  discussion of the published data.

1.  Nicardipine.

(a)  Regimen:  Nicardipine  (Cardene  IV;  ESP  Pharma,  Inc.,  Edison,  NJ)  is 

diluted in 0.9% NaCl to a concentration of 0.1 mg mL−1. Inject 1 mL aliq-uots through the microcatheter to a maximal dose of 5 mg per vessel. 23

2.  Verapamil:

(a)  Regimen: Verapamil HCl Injection. Dilute a 5 mg vial with 0.9% NaCl to 

a concentration of 1 mg mL −1. Inject 10–20 mg per vessel for a maximum of  20 mg  per  carotid.  Watch  vital  signs  for  transient  hypotension  and 

bradycardia.

 

11.2.3.     Treatment-related complications

A  review  of  published  reports  indicate  major  complications  with  endovascular 

treatment was seen at 5%, for vasospasm with an incidence of 1.1% vessel rupture 24:

1.  Reported  complications  include  thromboembolism,  arterial  dissection,  reper-

fusion  hemorrhage,  branch  occlusion,  bleeding  from  untreated  aneurysms, 

retroperitoneal hemorrhage, groin hematoma, and vessel rupture.25
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12.1.      Introduction

 

Venous neuroendovascular procedures include venography, venous test occlusion, 

venous sampling, transvenous embolization, venous thrombolysis and thrombectomy, and  venous  stenting.  The  reader  is  invited  to  consult  related  chapters  in  the  book which provide additional information on the same topics about arteries.

 

12.2.      Venous access: Basic concepts

 

12.2.1.     Femoral venous access

1.  The  femoral  vein  can  be  localized  by  advancing  an  18  gauge  needle  with  a 

syringe half-full of heparinized saline just medial to a palpable femoral arterial 

pulse. As the needle is advanced, continuous suction is applied to the syringe 

by pulling back the plunger.

2.  In case the arterial pulse is not palpable, the fluoroscopic landmark is that the 

vein lies over the most medial aspect of the femoral head. In many cases, it can 

even be medial to the femoral head.

3.  In  some  cases,  needle  puncture  of  the  femoral  vein  can  be  facilitated  by 

using  ultrasound  guidance  to  look  for  the  vein,  or  a  Doppler-assisted  needle 

(                      ™ Smart Needle Escalon Medical, New Berlin, WI) to hear the flow in the vein. 

Venous flow sounds like wind whistling through trees, while arterial flow has 

that familiar, strongly pulsatile sound on Doppler.

4.  When  the  vein  is  punctured,  there  may  or  may  not  be  good  spontaneous  blood 

return from the needle. If blood can be freely aspirated, the needle is in the vein.

5.  A J-tip 0.038 in. wire is then carefully advanced under fluoroscopic visualiza-

tion,  and  intravenous  positioning  is  confirmed  by  visualization  of  the  wire  in 

the inferior vena cava to the right of the spine.

6.  A  sheath  of  the  desired  size  is  then  advanced  into  the  vein.  The  authors  fre-

quently use a 6 French, 25 cm long sheaths.

7.  Due to the large size of the femoral vein and the lower risk of bleeding from the 

puncture site compared to arterial punctures, even larger sheaths are usually 

well tolerated.

 

12.2.2.     Alternative venous access

1.  The jugular vein can be used for access to the ipsilateral dural venous sinuses. 

Retrograde  jugular  punctures  can  be  easily  done  using  a  small  vessel  access 

system. The carotid pulse is palpated and the 21 gauge needle is inserted just 

lateral to the pulse, angling cephalad. A syringe attached to the needle is gently 

aspirated  as  the  needle  is  advanced  until  dark  venous  blood  freely  aspirates. 

(If the blood is bright red and pulsatile, you hit the artery. Pull out and hold 

pressure for 5–10 min, then try more laterally.)

2.  When the needle is in the vein, the 0.018 in. platinum-tip wire of the access kit 

is advanced carefully up the jugular vein, the needle is removed, and the coaxial 

dilator is inserted.

3.  Microcatheters  may  be  advanced  directly  through  the  outer  4  French  coaxial 

dilator. (Always attach a rotating hemostatic valve with a continuous flush of 

heparinized saline to the hub of the dilator, if you are using it as access for the 

microcatheter.)
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4.  If  larger  catheter  systems  need  to  be  used,  the  dilator  may  be  exchanged 

over a 0.035–0.038 in. J-tip wire for a 10 cm long sheath of appropriate size. 

Since  there  is  less  soft  tissue  support  and  only  a  short  length  of  guidewire 

can  usually  be  advanced  up  the  jugular,  it  can  sometime  be  challenging  to 

get the sheath to enter the vessel without buckling the wire and potentially 

losing  access.  It  can  help  to  use  progressively  larger  dilators  to  dilate  the 

tract. Rotating the dilators and sheath as they are advanced over the wire can 

help.

5.  Arm  or  subclavian  veins  can  also  be  used  to  access  the  venous  system. 

However,  the  angulation  at  the  entry  of  the  jugular  veins  to  the  brachio-

cephalic  veins  as  well  as  the  valves  in  these  locations  can  make  it  difficult 

to  access  the  jugular  or  more  cephalad  venous  structures  from  an  arm 

approach.

 

12.2.3.     Catheter navigation

Catheters  should  usually  be  advanced  over  a  steerable  hydrophilic  wire.  The 

wire serves to keep the tip of the catheter from rubbing against the wall of the ves-sel  and  causing  a  dissection  or  puncturing  the  vein.  When  advancing  the  wire  and catheter  cephalad  from  the  femoral  vein,  the  tip  of  the  wire  should  be  followed  by direct fluoroscopic visualization. When the tip of the wire enters the junction of the inferior vena cava and right atrium, keep the curved tip of the wire pointing laterally to facilitate passage into the superior vena cava. Ensure that the wire does not poke at the wall of the right atrium or enter into the right ventricle. Keep one eye on the electrocardiographic (ECG) monitor, since arrhythmias can be induced when the wall of the heart is irritated.

Once  the  catheter  is  advanced  into  the  superior  vena  cava,  it  can  either  be 

advanced  straight  up  the  right  internal  jugular,  or  angled  sharply  to  the  left  to enter the left brachiocephalic vein. It must then be advanced cephalad if catheteri-zation of the left internal jugular is desired. Valves in the proximal internal jugular veins sometimes can impede advancement of the guidewire up the internal jugular veins. The valves can be gently probed with an angled Glidewire® (Terumo Medical, Somerset, NJ) as the patient breathes deeply. The authors have had success using a 0.016 in. Gold-tip Glidewire® (Terumo Medical, Somerset, NJ) to quickly get past the  valves.  The  catheter  can  then  be  advanced  into  the  more  cephalad  jugular vein.

Although the most caudal aspects of the inferior petrosal sinuses can be gently 

catheterized with 4 or 5 French catheters, catheterization of more cephalad venous structures  requires  use  of  a  coaxial  microcatheter/microwire  assembly,  usually placed through a 5 or 6 French guiding catheter. When advancing a microcatheter through  any  guiding  catheter,  always  remember  that  movement  of  the  microcath-eter forward creates retrograde force on the guiding catheter. Attempts at advanc-ing the microcatheter very distally or through tortuous vessels can create enough retrograde force to push the guiding catheter proximally. Not only can this displace the  guiding  catheter  out  of  proper  position  in  the  jugular  vein,  it  also  frequently buckles  in  the  right  atrium,  often  causing  transient  arrhythmias.  These  resolve when the slack is taken out of the guiding catheter, and it no longer contacts the wall  of  the  right  atrium.  The  problem  of  buckling  of  the  guiding  catheter  may  be solved by using a stiffer catheter, such as a 6 or 7 French Northstar®        ® Lumax (Cook Medical,  Inc.,  Bloomington,  IN)  or  use  a  “Tower  of  Power”  by  combining  a  90 cm sheath, with a 100 cm guide catheter to create a stiffer platform for microcatheter advancement.

 

12.2.4.     Tips for catheter navigation 

in difficult situations

● Veins are more mobile and less supportive than arteries, and are therefore less 

supportive to the catheter. One generally needs somewhat stiff guide catheters 

for support.

● Veins  are  generally  tortuous,  requiring  a  good,  steerable  soft-tip  wire  to  help 

one get to the target vessel.
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● Veins  are  more  variable  in  their  anatomy  than  arteries.  Moreover,  situations 

like arteriovenous fistulas, may be associated with venous occlusive disease.

●   When in doubt, inject contrast through the catheter to see where one is.

● Veins are designed to carry blood toward the heart, and thanks to valves and 

vessel  contour,  it  is  often  easier  to  navigate  catheters  in  the  direction  of  the 

blood flow, rather than against it. Again, it is usually the steerable wire, and 

steerable catheters, that will allow the catheterization.

● There may be difficulty accessing a target by a direct route, yet it may still be 

accessible  via  a  more  circuitous  pathway.  A  multiple  catheter,  snare-assisted 

technique may help in accessing the target in this situation (Fig. 12.1).

[image: ]

 

Fig. 12.1 Snare-assisted catheterization.

1.  *  The dilemma.  In an attempt to obtain transvenous access to the site of a fistula (), 

difficult  angles  make  it  impossible  to  advance  a  microcatheter  (A)  directly.  Neither 

the  microcatheter,  nor  the  microwire  can  be  navigated  up  the  direct  route  via  the 

small venous channel (X). A wire may be advanced into an indirect pathway (Y), but 

the microcatheter does not make the sharp turn and displaces the wire and pushes 


beyond the turn.

2. Wire placed. With some careful manipulation, a soft microwire can be manipulated 

all  the  way  down  the  small  venous  channel  (X),  and  even  into  the  larger  vessel 

below, but still it does not provide sufficient support to allow the microcatheter to 

follow around the turn.

3. Wire snared. The clever operator then positions a second microcatheter (B) with its 

tip near the end of the microwire. A small snare is then advanced through this micro-

catheter, and manipulated around the end of the microwire. The snare is pulled back 

into the microcatheter to grasp the wire.

4. Microcatheter pulled up. Gently, but persistently, the microwire (now snared) is pulled 

back  into  the  first  microcatheter  (A)  and  the  second  microcatheter  (B)  is  pushed  to 

slowly advance it up the small arterial pedicle (X).

5. Disengage wire from snare. The snare is then pushed out slightly from the second 

microcatheter (B) tip to disengage the wire. The wire and first microcatheter (A) can 

then be withdrawn. The second microcatheter can then be advanced to the desired 

target over either the snare itself, or, preferably, the snare can be removed and a 

microwire is used to guide the microcatheter into position.
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Roadmapping is less effective for venous procedures compared to arterial proce-

dures. It is difficult to opacify the venous structures for any distance proximal to the tip of the catheter, since the contrast is injected against the flow of blood. Excellent roadmap images of the target venous structures can be obtained by injecting contrast in  the  arterial  feeding  vessels  via  a  separate  angiographic  catheter  in  the  arterial side  when  performing  venous  catheterization  for  transvenous  embolization  of  arte-riovenous fistulas.

 

12.2.6.     Double flushing

Double  flushing  is  discussed  in  Chap.  2.  Although  small  clot  emboli  are  less 

likely  to  create  clinically  evident  problems  on  the  venous  side,  it  is  better  to  utilize good angiographic techniques including double flushing at all times to limit the risk of complications.

 

12.2.7.     Continuous saline infusion

Three-way  stopcock  or  manifolds  must  be  used  to  provide  a  heparinized  saline 

drip through the catheter. This is particularly useful if there is a rotating hemostatic valve  on  the  catheter,  so  that  the  catheter  hub  is  never  left  open  to  the  air.  When the catheter is in the venous system, low venous pressure may allow air to enter the catheter.  Careful  double  flushing  is  still  required  if  a  wire  is  inserted  and  removed or if any blood is present in the lumen. The use of hemostatic valves and continuous infusions is mandatory for any coaxial catheterization.

 

12.2.8.     Anticoagulation

Heparinization is helpful to prevent thrombus formation in the catheter system, 

which  can  impair  normal  functioning  of  these  systems.  Moreover,  thrombus  in  or around the catheter can cause venous thrombosis, potentially resulting in deep venous thrombosis,  pulmonary  emboli,  and/or  local  thrombotic  occlusion  of  the  cerebral venous  structures  being  catheterized.  However,  there  has  been  no  systematic  study to determine whether systemic heparin is effective in preventing the complications of venous procedures.

 

12.2.9.     Hand injection

A 10 mL syringe containing contrast should be attached to the stopcock on the cath-

eter, and the syringe should be snapped with the middle finger several times to release bubbles stuck to the inside surface of the syringe. The syringe should be held in a vertical position, with the plunger directed upward, to allow bubbles to rise away from the cath-eter. Contrast injections through a microcatheter are usually done using 3 mL syringes.

 

12.2.10.  Mechanical injection

There is generally little role for power injections during venous procedures.

 

12.2.11.  Puncture site care

Once the venous procedure is completed, the catheters are removed. If systemic 

heparin was administered, obtain an ACT to see if the patient is still anticoagulated. Protamine can be given to reverse heparin, as long as the patient is not an insulin-dependant diabetic or has other contraindications. The sheaths can be removed and 
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12.3.      Venography

 

12.3.1.     Background

Venography  –  the  imaging  of  veins  is  rarely  done  in  the  head  and  neck  using 

direct  catheterization,  due  to  the  availability  of  excellent  noninvasive  imaging  tech-niques, such as magnetic resonance venography (MRV) to study the venous system.1 Most commonly, direct catheter angiography of the venous system is only performed as part of another venous procedure.

 

12.3.2.     Indications for venography

1.  To  confirm  catheter  placement  and  to  assess  venous  drainage  patterns  in 

venous sampling procedures.

2.  To evaluate for stenosis or occlusion in patients with suspected venous hyper-

tension.

3.  To evaluate for stenosis or occlusion in patients with unexplained tinnitus.

4.  To assess collateral pathways in anticipation of surgical or endovascular occlu-

sion of dural venous sinuses.

5.  To evaluate for potential routes of access for transvenous embolization procedures.

6.  In cases of transarterial embolization of arteriovenous shunts, venous catheter-

ization may be done to monitor pressure, and determine the degree of reduction 

of venous hypertension.

 

12.3.3.     Complications of venography

Informed consent prior to the procedure should include an estimate of the risk 

of complications.

12.3.3.1.    Neurological complications

1.  Since venography is usually performed as part of another venous procedure, the 

patient should be informed of the potential complications of the more involved 

procedure.

2.  Statistics  on  complications  of  venography  alone  are  lacking,  since  it  is  not  a 

commonly performed procedure.

3.  Theoretically,  there  is  always  a  risk  of  venous  infarction  and  hemorrhage 

whenever one deals with intracranial venous structures, but the risk of these 

complications is unknown.

12.3.3.2.    Non-Neurological complications

1.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

2.  Similarly,  groin  hematomas  can  occur,  but  are  less  common  and  less  severe 

than in arterial punctures.

3.  Venous thrombosis can occur, producing symptoms of deep venous thrombosis, 

or pulmonary emboli.
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12.3.4.1.    Preprocedure evaluation

1.  A brief neurological exam should be done to establish a baseline, should a neu-

rologic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse, which pro-

vides a landmark for femoral venous access.

4.  Ask the patient about any history of deep venous thrombosis that may require 

using special sites for venous access.

5.  Blood  tests,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, should be reviewed.

12.3.4.2.    Preprocedure orders

1.  NPO except medications for 6 h prior to the procedure.

2.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter if an involved procedure is anticipated.

12.3.4.3.    Contrast agents

Nonionic contrast agents are well tolerated and are usually used for these proce-

dures. Iohexol (Omnipaque®, GE Healthcare, Princeton, NJ), a low osmolality, noni-onic contrast agent, is relatively inexpensive and probably the most commonly used agent  in  venographic  procedures.  In  patients  with  a  history  of  severe  anaphylactic reactions to iodinated contrast, the authors have used small quantities of Gadolinium-based MR contrast agents with good results.

12.3.4.4.    Femoral venous sheath

Venous procedures are virtually always done using a femoral venous sheath, most 

commonly a 6 French sheath.

12.3.4.5.    Saline infusion

As  with  any  endovascular  procedure,  continuous  drips  of  heparinized  saline  are attached to stopcocks on the sheath, guiding catheter, and microcatheter lumen.

 

12.3.4.6.    Anticoagulation

Systemic  heparin  (50–70  units  kg−1  body  weight)  is  administered  after  sheath 

placement.

 

12.3.4.7.    Sedation/Anesthesia

Most  commonly,  if  the  venogram  is  performed  as  part  of  another  venous  pro-

cedure,  the  use  of  general  anesthesia  vs.  local  anesthesia  with  or  without  sedation depends on the expected discomfort of the more complicated procedure. Venography itself would not be expected to produce much discomfort, unless very distal intracra-nial catheterization was required. As a general rule, catheterization above the skull base is usually done with general anesthesia, and up to the skull base is performed with small amounts of sedation and analgesia.

●   Midazolam (Versed ) 1–2 mg IV for sedation; lasts approximately 2 h. ®

●                       ® Fentanyl (Sublimaze) 25–50 mcg IV for analgesia; lasts 20–30 min.
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12.3.5.     Suggested wires and catheters 

for venography

12.3.5.1.    Hydrophilic wires

●                                 ® The  0.035 in.  angled  Glidewire  (Terumo  Medical,  Somerset,  NJ)  is  soft,  flex-

ible, and steerable.

●                                  ® The  0.038 in.  angled  Glidewire  (Terumo  Medical,  Somerset,  NJ)  is  slightly 

stiffer than the 0.035 in. and helpful when added wire support is needed, but is 

too stiff to routinely use it in smaller veins or intracranially.

●   Softer, yet torquable wires such as the Headliner or Gold-tip Glidewire (Terumo ™               ®

Medical,  Somerset,  NJ)  can  be  helpful  for  navigating  the  sometimes  difficult 

valves in the lower internal jugular and for accessing the intracranial sinuses.

12.3.5.2.    Catheters for venography

There  is  one  principle  to  keep  in  mind  when  doing  venography;  blood  flows 

back toward the heart. Therefore, contrast injected in head or neck veins through a catheter  placed  via  a  femoral  approach  will  flow  back  toward  the  heart  and  opacify the vessel caudal to the tip of the catheter. Especially in the larger dural sinuses, it is unlikely that one will opacify much of the vessel cranial to the tip of the catheter, since  one  is  injecting  against  the  blood  flow.  Standard  soft-tip,  simple  angle  4  or  5 French catheters placed in the jugular bulbs can be used to study the jugular veins. The catheters can also be positioned in the very caudal aspects of the inferior petrosal sinuses to opacify those vessels and the posterior cavernous sinuses. More cephalad venous  structures  are  studied  by  injecting  contrast  via  a  microcatheter  coaxially placed through 6 French guiding catheters in the jugular veins:

● Soft-tip, simple angle catheters for catheterizing the caudal IPS or jugular bulb: 

4 or 5 French Berenstein curve Soft-Vu® (Angiodynamics, Queensbury, NY) or 

4 or 5 French Angled Glide-catheter® (Terumo Medical, Somerset, NJ).

● Guiding  catheters  used  for  coaxial  approach  include  standard  5  or  6  French 

large-lumen gauge guide catheters such as the 5 or 6 French angle-tip Envoy ®

(Cordis Neurovascular, Miami Lakes, FL).

● Microcatheters  used  for  the  coaxial  approach  should  be  braided  with  a 

relatively large internal lumen, such as RapidTransit® (Cordis Neurovascular, 

Miami Lakes, FL).

● Study of the intracranial sinuses such as the superior sagittal sinus in adults, 

is  likely  to  require  a  microcatheter  longer  than  standard  150 cm  catheters. 

The RapidTransit® (Cordis Neurovascular, Miami Lakes, FL) is available in a 

170 cm length, and works well for this purpose. Remember to use a 200 cm or 

longer microguidewire. The authors like the 0.012 in. J-Tip Headliner™ (Terumo 

Medical,  Somerset,  NJ)  or  the  0.014 in.  Soft-tip  Transend™  (Boston  Scientific, 

Natick, MA).

 

12.3.6.     Procedures

12.3.6.1     Femoral venous access

1.  The groin area is prepped bilaterally and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine containing sodium bicarbonate (1 mL per 10 mL of lidocaine) ) is infil-

trated medial to the pulse, both by raising a wheal and injecting deeply toward 

the vein.

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.

4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark red blood aspirated from the needle using a 10 cc syringe confirms punc-

ture of the femoral vein.

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.
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7.  Depending  on  the  size  of  the  catheter  being  used,  a  5  or  6  French  sheath  is 

placed in the right (or left) femoral vein.

12.3.6.2.    Catheter manipulation

1.  Attach  all  catheters  to  rotating  hemostatic  valves  and  attach  a  three-way 

stopcock and continuous infusion of saline containing 10,000 units heparin per 

liter.

2.  Through  the  femoral  venous  sheath,  advance  the  catheter  into  the  desired 

internal jugular vein.

3.  Once in the internal jugular vein, direct the catheter superomedially to point 

into  the  inferior  petrosal  sinuses,  or  superolaterally  to  point  to  the  jugular 

bulb.

4.  If the venous structures being studied are more cephalad than the jugular bulb 

or  IPS,  advance  a  large-lumen  microcatheter  coaxially  through  the  rotating 

hemostatic valve of the guiding catheter.

5.  Warn awake patients that the catheter manipulation may cause discomfort.

6.  Carefully and gently advance the microcatheter over a soft-tip guidewire into 

the venous sinus cephalad to the area one wishes to opacify.

7.  Perform a gentle test injection of 1–2 mL of contrast, to ensure proper position 

and to estimate the amount of contrast required for a selective venogram.

8.  Intracranial venograms are performed with hand injections of contrast.

9.  Large dural venous sinuses may require injection volumes of 3–5 mL or more, 

and smaller sinuses, like the IPS may only require 1–3 mL.

10.  Cortical veins or deep veins like the internal cerebral veins should be cautiously 

injected with small volumes of contrast.

11.  Perform  the  venogram  with  high-quality  DSA  imaging  systems  using  2–4 

frames per second.

12.3.6.3.    Tips for evaluating venogram images

● Inevitably, when using microcatheters for venography of large dural sinuses, a 

streaming of contrast and unopacified blood from tributary veins will be seen, 

creating apparent filling defects in the vein.

● Apparent filling defects from streaming will change in size and configuration 

from frame-to-frame during the angiographic run, and have vague margins, 

whereas  true  filling  defects  or  stenoses  are  static  and  more  clearly  demar-

cated.

● If it is not clear if a filling defect is real or not, adjusting the catheter position 

and repeating the run may help confirm the presence of a real defect.

● Remember  that  potentially  large  pacchionian  granulations  are  normally 

expected  within  the  dural  sinuses,  usually  in  lateral  aspect  of  the  transverse 

sinuses, and smaller ones can be seen in the superior sagittal sinus.

12.3.6.4.    Venous pressure measurements

Stenosis  seen  on  venography  may,  or  may  not  be  hemodynamically  significant. 

Therefore,  a  full  check-up  of  patients  with  suspected  venous  hypertension  should include  venous  pressure  measurements  obtained  proximal  and  distal  to  any  poten-tial  stenosis.  The  simplest  method  is  to  connect  saline-filled  extension  tubing  from a  three-way  stopcock  or  manifold  connected  between  the  catheter  and  a  standard pressure  transducer.  For  full  evaluation  of  the  intracranial  sinuses,  it  is  necessary to take the measurements using a microcatheter that can be advanced into the supe-rior sagittal sinus, ipsilateral and contralateral transverse and sigmoid sinuses and jugular veins, obtaining pressure measurements at each of these sites, and certainly on either side of any obvious stenosis. Waveforms of pressure measurements obtained via  a  microcatheter  will  inevitably  be  inaccurate,  but  studies  have  shown  the  mean values to be reasonably accurate. 2 If the pressure waveform is completely flat, it may be necessary to change the display scale on the monitor. If it is flat and the numbers do not seem correct, the microcatheter may be wedged against the wall of the vessel, or it may be kinked, so gentle withdrawal of the catheter may be attempted to see if that improves the reading. More accurate pressure measurements may be obtained by inserting a 0.014 in. PressureWire® (Radi Medical Systems, Wilmington, MA) in the microcatheter. This wire has a micromachined pressure transducer 3 cm proximal to 
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Venous pressure measurements can also be useful when performing transarte-

rial embolization of arteriovenous malformation or fistulas. Especially in the case of extensive lesions that may not be curable, but are being treated to palliate symptoms of  venous  hypertension,  measurement  of  intracranial  venous  pressure  provides  an objective  endpoint  to  aim  at.  Reduction  of  pressure  to  more  normal  levels  suggests the  patient  will  gain  a  clinical  benefit  from  the  procedure.  In  similar  fashion,  a Doppler  guidewire  can  document  alterations  in  blood  flow  by  measuring  changes in  velocity  in  the  veins  draining  arteriovenous  shunts  as  the  arterial  feeders  are embolized.3

 

12.3.6.5.    Postprocedure care

Once  the  venogram  and  all  associated  procedures  are  completed,  the  catheters 

removed  and  hemostasis  obtained,  postprocedure  care  will  be  as  discussed  in  the general comments above.

 

12.4.      Venous test occlusion

 

12.4.1.     Background

Venous test occlusion is usually performed in a preoperative setting when it is 

anticipated that one of the major dural venous sinuses might need to be occluded and resected due to tumor invasion, involvement with a vascular malformation or is in the anticipated path of a surgical intervention of another lesion. Test occlusion is  done  to  predict  whether  occlusion  of  the  vein  will  have  negative  hemodynamic consequences.  However,  there  are  considerable  differences  between  arterial  and venous test occlusion. On the arterial side, occlusion of the vessel can quickly cause a sufficient drop in blood flow to a vascular territory to cause transient neuronal dysfunction,  meaning  the  patient  develops  a  demonstrable  neurological  deficit. However, there is less of a linear relationship of blood flow to patency of a particu-lar  venous  structure;  hence  neurological  deficits  may  not  occur  quick  enough  to be detected during the test. Moreover, some of the potentially disabling signs and symptoms  of  venous  occlusive  disease,  such  as  intractable  headaches  and  visual loss  may  only  develop  weeks  or  months  after  the  occlusion  took  place.  There  are reports of balloon test occlusions failing to predict disastrous venous hypertension and brain swelling after permanent occlusion of the tested venous sinus. 4 Venous sinuses have reportedly been safely occluded when collateral venous flow appears adequate on angiographic studies and if the pressure proximal to the site of occlu-sion  increased  by  less  than  10 mmHg  as  measured  at  the  time  of  surgical  occlu-sion.5,6 Therefore, endovascular venous test occlusion attempts to assess tolerance for occlusion by measuring pressure changes produced by occlusion and by evaluat-ing  drainage  patterns  angiographically,  as  well  as  clinical  testing  of  the  patient. The need for pressure measurements beyond the balloon requires the use of over-the-wire angioplasty balloons to permit monitoring pressure through the end-hole of  the  catheter7;  the  0.014 in.  PressureWire®  (Radi  Medical  Systems,  Wilmington, MA) can also be used to advance through the balloon catheter. Assessing the diam-eter of the venous structure being occluded is necessary to choose an appropriately sized  balloon.  The  usual  soft,  flexible  occlusion  balloons  used  in  the  intracranial arterial circulation are too small to occlude most dural sinuses, and cannot be used for pressure measurements.

Another  characteristic  that  can  be  determined  from  venous  test  occlusion  is 

whether  turbulent  flow  in  a  venous  structure  is  causing  a  symptomatic  pulsatile tinnitus. Temporary occlusion of the offending vessel would be expected to eliminate the sound. If permanent occlusion of the venous structure is planned as treatment for the symptoms, it will be necessary to confirm that the vessel can safely be occluded as  indicated  by  clinical  criteria,  pressure  measurements  and  angiographic  criteria. A  more  physiologic  solution  to  the  problem  will  be  to  place  a  stent  in  the  vessel  to redirect flow (see Transvenous Stenting section).
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1.  To  determine  the  potential  safety  of  occluding  a  venous  structure,  prior  to 

anticipated occlusion as treatment for tumors, arteriovenous malformations or 

fistulas involving a venous sinus.

2.  To  determine  the  potential  safety  of  occluding  a  venous  structure,  prior  to 

anticipated  occlusion  to  permit  proper  surgical  exposure  when  that  venous 

structure is in the way.

3.  To confirm a venous etiology in patients with unexplained tinnitus.

 

12.4.3.  Complications of venous test occlusion

Informed consent prior to the procedure should include an estimate of the risk 

of complications.

12.4.3.1.    Neurological complications

1.  There is a risk of thrombosis of the venous structures catheterized, with result-

ant venous infarction.

2.  Overly aggressive balloon inflation in intracranial vessels can rupture venous 

structures, potentially producing epidural, subdural, subarachnoid or intracer-

ebral bleeding.

3.  Statistics on complications of venous test occlusion alone are lacking, since it is 

a rarely performed procedure.

12.4.3.2.    Non-neurological complications

1.  There is a risk of a profound vagal response to balloon inflation in the jugular 

vein or sigmoid sinus, potentially producing bradycardia, hypotension, and even 

cardiac arrest.

2.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

3.  Similarly,  groin  hematomas  can  occur,  but  are  less  common  and  less  severe 

compared to arterial punctures.

4.  Venous thrombosis can occur anywhere in the venous system.

 

12.4.4.  Venous test occlusion: Procedural aspects

12.4.4.1.    Preprocedure evaluation

1.  Brief neurological exam should be done to establish a baseline, should a neuro-

logic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse, which pro-

vides a landmark for femoral venous access.

4.  Ask the patient about any history of deep venous thrombosis that may require 

using special sites for venous access.

5.  Blood  tests,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, should be reviewed.

12.4.4.2.    Preprocedure orders

1.  NPO for 6 h, except for medications.

2.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter.

5.  Consider pretreatment with 0.3–0.5 mg Atropine if planning on inflating a bal-

loon in the jugular vein or sigmoid sinus.
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Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ), are usually used for these procedures.

12.4.4.5.    Femoral venous sheath

Venous procedures are virtually always done using a femoral venous sheath, most 

commonly  a  6  French  sheath.  One  may  consider  using  90 cm  sheaths  such  as  the 6 French Shuttle® sheath (Cook, Inc., Bloomington, IN) which also acts as a guiding catheter.

12.4.4.6.    Saline infusion

To reduce the risk of thrombus or air embolism, continuous drips of heparinized saline 

are attached to stopcocks on the sheath, guiding catheter, and microcatheter lumen.

12.4.4.7.    Anticoagulation

Administer  50–70  units  kg−1  intravenous  heparin  bolus  and  hourly  boluses  as 

needed to keep the activated clotting times at least double the baseline value. One can also consider pretreating any patient undergoing test occlusion with a dose of aspirin to limit any cascade of platelet aggregation instigated by intimal injury produced by the balloon, although most practitioners do not bother with antiplatelet treatment.

12.4.4.8.    Sedation/Anesthesia

Most  commonly,  venous  test  occlusion  is  performed  with  the  patient  conscious, 

with minimal sedation in order to detect neurological changes produced by the tem-porary  venous  occlusion.  However,  catheterization  much  above  the  skull  base  can sometimes produce discomfort so it can be argued that the procedure should be done under  general  anesthesia.  Given  the  heavy  reliance  on  pressure  measurements  and angiographic evaluation during these procedures, the neurological examination is of secondary importance. A compromise would be to use heavy sedation/analgesia during the catheterization phase of the procedure and let it wear off when the actual balloon inflation takes place.

 

12.4.5.     Suggested wires and catheters 

for venous test occlusion

12.4.5.1.    Access wires

● ®  Steerable  hydrophilic  wires  such  as  0.035  or  0.038 in.  angled  Glidewire

(Terumo Medical, Somerset, NJ) can be used to advance a guiding catheter into 

the jugular vein.

●                                                      ™                       ® Softer,  yet  torquable  wires  such  as  the  Headliner  or  Gold-tip  Glidewire

(Terumo  Medical,  Somerset,  NJ)  can  be  helpful  for  navigating  the  sometimes 

pesky valves in the lower internal jugular.

●                     ™ Soft-tip  Transend  (Boston  Scientific,  Natick,  MA)  or  other  0.014 in.  wire  is 

used to advance the balloon catheter to the target vessel.

12.4.5.2.  Guiding catheters and balloons for venous 

test occlusion

● Guiding catheters used for coaxial approach include standard 5, 6 or 7 French 

large-lumen gauge guide catheters, such as 6 French angle-tip Envoy® (Cordis 

Neurovascular,  Miami  Lakes,  FL)  or  6  French  Northstar®        ®  Lumax  (Cook 

Medical,  Inc.,  Bloomington,  IN).  It  has  to  be  ensured  the  internal  lumen  will 
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accept  the  outer  diameter  of  the  balloon  catheter.  The  package  of  the  balloon 

will usually indicate the recommended guide catheter size.

●   90 cm  sheaths  (e.g.,  Shuttle  sheath,  Cook,  Inc.,  Bloomington,  IN)  also  work ®

very  well  as  alternative  guiding  catheters  for  test  occlusions.  This  allows  for 

extra stability if needed.

● Balloons  must  be  sized  to  match  the  vessel  being  occluded.  The  target  vessel 

must be measured using a previous MR venogram, or a venogram obtained as 

part of the procedure to get a measurement of the vessel.

● If  the  target  vessel  is  6 mm  or  smaller,  theoretically  one  can  use  soft  flexible 

balloons  such  as  the  7 mm  Hyperform™  (ev3,  Irvine,  CA),  but  a  significant disadvantage  is  that  one  cannot  use  these  single-lumen  balloons  to  measure 

pressures beyond the site of occlusion.

● Better suited for venous test occlusions are over-the-wire angioplasty balloons 

that  have  an  internal  lumen  through  which  one  can  measure  distal  pressure 

either directly through the lumen or by using a 0.014 in. PressureWire® (Radi Medical Systems, Wilmington, MA) advanced through the balloon catheter.

● The shaft of the balloon catheter must generally be at least 120 cm and prefera-

bly 150 cm to reach the target vessel. The Savvy® balloon (Cordis Endovascular, Miami,  FL)  is  available  in  various  balloon  diameters  and  lengths  and  has  a 

large enough inner lumen for obtaining pressure measurements.

● A 4 or 5 French diagnostic catheter is useful to have in the arterial system, to 

obtain cerebral arteriography during the test occlusion. This allows visualiza-

tion of venous drainage patterns as the balloon is inflated.

 

12.4.6.     Procedures

12.4.6.1.    Femoral access

1.  The groin area is prepped bilaterally and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine containing sodium bicarbonate (1 mL per 10 mL of lidocaine) ) is infil-

trated medial to the pulse, both by raising a wheal and injecting deeply toward 

the vein.

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.

4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark red blood aspirated from the needle using a 10 cc syringe confirms punc-

ture of the femoral vein.

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.

7.  Depending on the size of the catheter being used, a sheath is placed in the right 

(or left) femoral vein.

8.  In  the  contralateral  groin,  the  same  process  is  performed,  except  that  the 

femoral  artery  has  to  be  aimed  at,  and  the  diagnostic  4  or  5  French  catheter 

inserted and positioned with its tip in the descending aorta, until it is needed 

for angiographic studies.

12.4.6.2.    Catheter manipulation

1.  Attach  all  catheters  to  rotating  hemostatic  valves  and  attach  a  three-way 

stopcock and continuous infusion of saline containing 10,000 units heparin per 

liter.

2.  Through  the  femoral  venous  sheath,  advance  the  desired  guiding  catheter 

into  the  desired  internal  jugular  vein.  If  needed,  one  may  have  to  perform 

arteriography first to determine the best access to the venous structure being 

tested.

3.  Once in the internal jugular vein, advance an appropriately sized balloon cath-

eter coaxially through the rotating hemostatic valve of the guiding catheter.

4.  Warn awake patients that the catheter manipulation may cause discomfort.

5.  Carefully and gently advance the balloon catheter over a soft-tip guidewire into 

the venous sinus up to the site one wishes to occlude.

6.  Perform a gentle test injection of 1–2 mL of contrast through the end-hole of the 

balloon catheter, to ensure proper position.
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1.  With the appropriately sized balloon catheter positioned at the site to be tested, 

inject  contrast  through  the  central  lumen  of  the  catheter,  to  confirm  proper 

positioning and to obtain a roadmap of the vessel.

2.  Prepare to measure venous pressures, either by attaching a pressure line to the 

stopcock (or manifold) attached to the central lumen of the balloon catheter, or 

by using a pressure-sensing guidewire.

3.  Measure a baseline pressure through the central lumen of the balloon catheter.

4.  Gently inflate the balloon just enough to occlude the vessel. Less than one atmos-

phere is required to occlude the vein with an appropriately sized balloon. 7

5.  Measure the pressures through the central lumen of the balloon catheter again. 

This  now  indicates  the  back  pressure  in  the  venous  system  proximal  to  the 

occlusion. Stable pressure indicates adequate collateral flow. Rising pressure, 

especially if it increases by at least 10 mmHg indicates limited collaterals and 

is one element of a “failed” test occlusion.

6.  Clinically test the patient for any neurological deficits and check for some of the 

more  subtle  signs  and  symptoms,  including  headache,  vertigo,  ringing  in  the 

ears, and visual changes.

7.  At some point during the test occlusion, perform cerebral arteriography using 

the  arterial  catheter,  and  check  for  venous  drainage  patterns  and  look  for 

angiographic  signs  of  venous  congestion.  These  signs  include  slowing  of  the 

arteriovenous transit time congestion and dilatation of cortical veins, and stasis 

of flow in venous sinuses. It is helpful to compare the flow patterns before and 

after balloon inflation in the venous structure.

8.  If the patient tolerates the balloon inflation clinically and back pressure in the 

balloon catheter does not rise, keep the vein occluded for an extended period of 

about 30 min to confirm tolerance to occlusion.

9.  If  the  patient  develops  symptoms,  if  the  back  pressure  rises  at  least  10 mm 

mercury, or if angiography suggests venous congestion, the patient has “failed” 

the test occlusion.

10.  When the patient fails the test occlusion, or if they pass for at least 30 min, the 

procedure is complete. The balloon must then be deflated.

11.  Prior  to  removing  the  balloon,  ensure  that  the  patient’s  symptoms  have 

resolved and that venous pressure has returned to baseline. If not, some venous 

thrombosis  may  have  been  caused;  leaving  the  balloon  catheter  in  place  pro-

vides access for any corrective intervention.

12. In the vast majority of cases, deflating the balloon relieves any symptoms pro-

duced. The balloon catheter can then be removed.

12.4.6.4.    Postprocedure care

Once  the  procedure  is  completed,  the  catheters  are  removed  and  hemostasis 

obtained, as is discussed in the general comments above.

 

12.5.      Venous sampling

 

12.5.1.     Background

Neoplasms that secrete endocrine factors can produce significant alterations in 

the physiological state of the affected patient, even when the tumor is small in size. Imaging studies may fail to detect very small lesions that do not distort the tissues from  which  they  arise.  Blood  samples  taken  from  the  venous  outlets  of  structures suspected  to  harbor  the  tumor  can  confirm  the  presence  of  the  lesion  by  detecting elevated  levels  of  the  secretory  factors  produced.  Cushing’s  disease  is  a  relatively common  example  of  a  condition  in  which  an  adrenocorticotropic  hormone  (ACTH)-producing  microadenoma  otherwise  undetectable  on  imaging  studies  in  the  pitui-tary  can  produce  profound  endocrine  effects.  The  pituitary  gland  can  be  surgically removed,  but  subtotal  hypophysectomy  may  fail  to  remove  the  entire  tumor.  Total hypophysectomy produces severe endocrine deficits of its own, and may still not cure the  Cushing’s  syndrome  if  the  lesion  is  outside  the  pituitary  gland.  Endovascular 
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12.5.2.     Indications for inferior petrosal 

sinus sampling (IPSS)

1.  ACTH-dependant Cushing’s syndrome.

2.  Biochemical testing and MRI imaging of the pituitary do not clearly differenti-

ate between pituitary or ectopic ACTH source.

3.  MRI  imaging  does  not  clearly  lateralize  the  tumor,  even  if  biochemical  tests 

strongly suggest a pituitary location.

4.  Any  situation  in  which  greater  confidence  is  required  to  localize  the  ACTH-

producing tumor, such as recurrent Cushing’s syndrome after pituitary surgery.

 

12.5.3.  Complications of petrosal sinus sampling

Informed consent prior to the procedure should include an estimate of the risk 

of complications.

12.5.3.1.    Neurological complications

1.  Permanent neurological complications at highly experienced centers are rare: 

one out of 1,200, or 0.083%.8

2.  Realistically, neurological complications may be higher when less experienced 

operators are involved, but are generally under 1%.

3.  Reported neurological complications include transient or permanent brainstem 

ischemia,9,10  brainstem  hemorrhage,9  subarachnoid  hemorrhage11  and  tran-sient sixth cranial nerve palsy. 12

12.5.3.2.    Non-neurological complications

1.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

2.  Similarly,  groin  hematomas  can  occur,  but  are  less  common  and  less  severe 

compared to arterial punctures.

3.  Venous thrombosis can occur. Two out of 34 (5.9%) patients undergoing IPSS 

had deep venous thrombosis, and one of these died from resultant pulmonary 

embolism.13

4.  Theoretically, Cushing’s patients may be expected to be at risk for infectious com-

plications, but these have not been reported after venous sampling procedures.

 

12.5.4.  Petrosal sinus sampling: Procedural aspects

12.5.4.1.    Preprocedure evaluation

1.  Brief neurological exam should be done to establish a baseline, should a neuro-

logical change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. These patients may have superficial yeast or 

bacterial infections that may require using alternative sites for venous access.

4.  Blood work, including a serum creatinine level, serum glucose if diabetic and 

coagulation parameters, should be reviewed.
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1.  NPO except medications for 6 h prior to the procedure.

2.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter.

12.5.4.3.    Preprocedure preparations

1.  Some  time  before  the  procedure,  5 mL  purple-top  sample  tubes  are  obtained 

and labeled with the patient information and numbered.

2.  Ensure  that  a  vial  of  ovine  corticotrophin  releasing  hormone  (oCRH)  will  be 

available.

3.  Just  prior  to  the  procedure,  a  suitable  container  filled  with  ice  should  be 

obtained to transport the samples to the laboratory.

12.5.4.4.    Contrast agents

For  venous  sampling  procedures,  only  small  amounts  of  contrast  are  required 

to confirmed proper catheter placement. Nonionic contrast agents are well tolerated and  are  usually  used  for  these  procedures.  Iohexol  (Omnipaque®,  GE  Healthcare, Princeton, NJ), a low osmolality, nonionic contrast agent, is relatively inexpensive and probably the most commonly used agent in venous sampling procedures. In patients with a history of severe anaphylactic reactions to iodinated contrast, the authors have used small quantities of Gadolinium-based MR contrast agents with good results.

12.5.4.5.    Personnel requirements

Venous sampling procedures and IPSS procedures in particular require a number 

of  assistants  in  the  room  to  help  obtain  the  samples  and  then  assist  in  placing  the samples in the laboratory tubes and then organizing them in a meaningful way. Three samples must be simultaneously obtained, requiring three people (e.g., one attending physician, one fellow, and one scrub nurse) to be scrubbed and at the sterile field. Two or three circulating nurses or other nonsterile personnel take the syringes containing the samples. One of them should be responsible to check each sample is placed in its proper vial and then placed in the iced container for transport to the lab.

12.5.4.6.    Femoral venous sheath

Bilateral femoral venous sheaths are necessary for IPSS procedures. It is help-

ful  to  have  one  sheath  of  appropriate  size  for  the  catheter  and  another  sheath,  one French-size larger to allow a peripheral venous sample to be obtained from the femo-ral sheath. For example, when using 5 F catheters, the right-sided sheath is 5 F and the left, 6 F.

12.5.4.7.    Saline infusion

As  with  any  endovascular  procedure,  continuous  heparinized  saline  drips  (10 

units  heparin  per  milliliter  of  0.9%  normal  saline)  are  attached  to  stopcocks  on  the sheath, guiding catheter, and microcatheter lumen.

12.5.4.8.    Anticoagulation

Systemic heparin (50–70 units kg−1 body weight) is administered intravenously 

when the sheaths are in place.

12.5.4.9.    Sedation/Analgesia

The  use  of  sedation  should  be  minimized,  since  many  drugs  can  temporarily 

affect baseline ACTH production.
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for petrosal sinus sampling

12.5.5.1.    Hydrophilic wires

●                                  ® The 0.035 in. angled Glidewire (Terumo Medical, Somerset, NJ) is soft, flex-

ible, and steerable.

●                                  ® The  0.038  in.  angled  Glidewire  (Terumo  Medical,  Somerset,  NJ)  is  slightly 

stiffer than the 0.035 in. and helpful when added wire support is needed, but is 

too stiff to routinely use it in the petrosal sinuses.

●   Softer,  yet  torquable  wires  such  as  the  Gold-tip  Glidewire  (Terumo  Medical, ®

Somerset,  NJ)  can  be  helpful  in  navigating  occasional  awkward  valves  in  the 

lower internal jugular and for accessing the inferior petrosal sinuses.

12.5.5.2.    Catheters for petrosal sinus sampling

There are two schools of thought regarding the general types of catheters used for 

petrosal sinus sampling. The more traditional method has been to use soft-tip, simple angle 4 or 5 French catheters placed in the very caudal aspects of the inferior petrosal sinuses. A second method is to use 4, 5 or 6 French guiding catheters in the jugular veins at the orifice of the inferior petrosal sinus and then obtain the samples via a microcath-eter coaxially placed through the guiding catheter and into the inferior petrosal sinus:

● Soft-tip,  simple  angle  catheters  for  sampling  the  caudal  IPS:  4  or  5  French 

Berenstein curve Soft-Vu® (Angiodynamics, Queensbury, NY) or 4 or 5 French Angled Glide-catheter® (Terumo Medical, Somerset, NJ).

● Guiding  catheters  used  for  coaxial  approach  include  standard  5  or  6  French 

large-lumen  gauge  guide  catheters  such  as  the  5  or  6  French  multipurpose 

curve Envoy® (Cordis Neurovascular, Miami Lakes, FL).

● Microcatheters  used  for  the  coaxial  approach  should  be  braided  with  a 

relatively large internal lumen, such as RapidTransit® (Cordis Neurovascular, Miami Lakes, FL).

 

12.5.6.     Procedures

12.5.6.1.    Femoral venous access

1.  The groin area is prepped bilaterally and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine containing sodium bicarbonate (1 mL per 10 mL of lidocaine) ) is infil-

trated medial to the pulse, both by raising a wheal and injecting deeply toward 

the vein. Do not forget to aspirate from the needle before each injection of local 

anesthesia to prevent intravascular injection.

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.

4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark red blood aspirated from the needle using a 10 cc syringe confirms punc-

ture of the femoral vein.

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.

7.  Depending  on  the  size  of  the  catheter  being  used,  a  5  or  6  French  sheath  is 

placed  in  the  right  femoral  vein  and  another  in  the  left  femoral  vein.  When 

using  5  French  catheters,  for  example,  one  sheath  can  be  5  French  and  the 

other 6 French, to allow aspiration of peripheral venous samples from around 

the catheter in the larger diameter sheath.

12.5.6.2.    Catheter manipulation

1.  Attach  the  two  5  French  catheters  to  rotating  hemostatic  valves  and  attach 

a  three-way  stopcock  and  continuously  infuse  saline  containing  10,000  units 

heparin per liter.
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2.  Through each femoral venous sheath, advance a 5 French catheter into the con-

tralateral internal jugular vein. This crossed catheterization method allows for 

optimal mechanical advantage in catheterizing the more difficult left internal 

jugular from the closer right femoral sheath.

3.  Once in the internal jugular veins, direct each catheter superomedially to point 

into the inferior petrosal sinuses. If the catheter curve matches the angle of the 

IPS, the catheter can be gently advanced into inferior part of the sinus.

4.  If the catheter does not easily pass into the sinus, a steerable, soft tip 0.035 in. or 

smaller guidewire can very, very gently manipulate the antero-supero-medially 

into the IPS, and the catheter gently advanced over the wire.

5.  Warn the patient that the catheter manipulation may cause discomfort.

6.  Contrast injected at the jugular bulb may opacify a part of the IPS, and can be 

used as a roadmap. Once one IPS is successfully catheterized, a gentle contrast 

injection can be used to obtain a roadmap of the other IPS, due to reflux up into 

the cavernous sinus across the circular sinus into the contralateral cavernous 

sinus and IPS.

7.  Aim for the largest venous channel draining from the cavernous sinus, since the 

IPS may consist of a number of distinct vessels.

8.  If the wire and or catheter head inferomedially, one is in the condylar vein and 

needs to reposition the catheter. Note that the condylar vein and IPS may con-

nect together as they join the jugular.

9.  Once the right and left IPS catheters are in position, perform a gentle injection 

of 2–5 mL of contrast for a selective venogram. The catheter is in a good position 

if contrast refluxes up into the cavernous sinus. The venogram is also studied for 

venous drainage patterns that may affect the lateralization of tumors with the 

IPS sampling (e.g., dominant drainage of both cavernous sinuses into one IPS).

10.  If  using  microcatheters  to  aspirate  the  samples,  with  5  or  6  French  guid-

ing  catheters  placed  in  the  internal  jugular  pointing  toward  the  IPS,  gently 

advance a large-lumen (0.021 in. or larger) microcatheter over a soft-tip micro-

wire  into  the  IPS  using  roadmap  guidance.  The  tip  should  be  in  the  straight 

part of the IPS, and preferably not below any large connecting veins between 

right and left IPS.

11.  Venous samples can then be obtained.

 

Venous access tips

● Cushing’s patients may be quite obese, which makes palpating the artery 

difficult.  Moreover,  the  femoral  vein  may  be  surprisingly  medial  on  some 

patients.

● If  one  femoral  vein  can  be  accessed,  but  not  the  other,  a  reverse-curve 

catheter like Simmons 1 should be advanced through the sheath and into 

the contralateral iliac vein. A wire can then be advanced into the common 

femoral  vein  and  used  to  fluoroscopically  localize  the  vein  or  advance  the 

catheter  over  the  wire  into  the  femoral  vein,  inject  contrast,  and  obtain  a 

roadmap image to guide needle placement in the vein.

● Patients  with  deep  venous  thrombosis  may  have  chronic  occlusion  of  the 

femoral veins. As long as one femoral vein is patent, the vein is usually big 

enough  to  place  two  sheaths  in  the  patent  vein,  one  slightly  more  distal 

than the other.

● The authors have also placed two sheaths in one femoral vein in patients hav-

ing a superficial infection in one groin, or in patients with venous anomalies 

such as a left iliac vein that does not connect to the inferior vena cava.

● If there is occlusion of one internal jugular, or the IPS has an anomalous 

connection to the vertebral-venous system rather than the jugular bulb, it 

may not be possible to obtain IPS samples from that side. However, if the 

other IPS can be catheterized, it may be possible to advance one microcath-

eter  into  the  ipsilateral  cavernous  sinus.  Then,  using  a  second  catheter 

placed in the same jugular or through the same guiding catheter if a 6 or 

7  French  catheter  is  used,  a  second  microcatheter  may  be  advanced  into 

the  cavernous  sinus,  then  across  the  posterior  intercavernous  sinus  and 

into  the  contralateral  cavernous  sinus.  Thus,  bilateral  cavernous  sinus 

sampling can be performed.
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1. Simultaneous  3 mL  venous  samples  are  obtained  from  the  right  and  left  IPS 

catheters as well as a peripheral venous sample obtained from the larger femo-

ral venous sheath. Therefore, three scrubbed operators are needed to draw the 

samples.

2.  Before  each  sample  is  obtained,  attach  a  “waste  syringe”  to  the  catheter  and 

aspirate the dead-space of the catheter, usually 2 mL for a 5 French catheter or 

0.3 mL for a microcatheter.

3.  One or more sets of samples are obtained to determine baseline ACTH values.

4.  The author obtains three sets of baseline samples, at 5 min intervals, to ensure 

a  greater  likelihood  that  an  ACTH  peak  would  be  observed,  given  the  known 

pulsatile secretion of an ACTH.14,15

5.  Draw the right IPS, left IPS and peripheral venous samples all simultaneously. 

Aspirate the samples slowly and steadily for approximately 60 s, to prevent col-

lapsing the vein around the catheter and also the dilution of the petrosal sinus 

sample from blood pulled retrograde from the jugular or condylar veins by too 

vigorous an aspiration.

6.  The three syringes are handed to circulating assistants who place each blood 

sample  into  an  appropriately  labeled  tube,  which  is  then  put  in  an  ice-filled 

container.

7.  It has to be ensured that the correct sample syringe is used to fill the correct 

sample  tube.  The  authors  use  sterile  colored  stickers  on  the  syringes  (Table 12.1).  This  color  coordination  can  be  used  to  make  a  similar  sterile  marking on  the  proper  stopcock  of  the  respective  catheter.  The  receiving  sample  tubes 

are also prelabeled with an identifying number. A preprinted worksheet (Table 12.2) with the tube numbers, the time of sampling, and the site, acts as a key, allowing one to later interpret the results obtained from the lab.

8.  After each sample is obtained, the catheter and sheath are gently flushed with 

heparinized saline to clear the blood from the lumen.

9.  Care  must  be  taken  during  all  these 

maneuvers to avoid pushing, pulling or          Table 12.1 Color codes torquing the catheters.                         for specimen tube labels

10.  Repeat  selective  venograms  should  be 

obtained  via  the  IPS  catheters  after     R = RED       RED = right inferior the  baseline  samples  are  obtained,  to  petrosal sinus (RIPSS)

 

11.  Via  a  peripheral  venous  access,  the confirm  that  good  catheter  position  is      L = YELLOW   YELLOW = left inferior maintained. petrosal sinus (LIPSS) P = BLUE BLUE = peripheral patient  is  given  1 µ g  kg −1  body  weight 

oCRH up to a maximum of 100 µg.

12. At least two sets of samples are obtained at timed intervals after the oCRH is 

flushed into the venous line. The authors obtain sample sets 1, 3, 5, and 10 min 

after the CRH administration.

 

12.5.6.4.    Cavernous sinus sampling

1.  The procedure is very similar to the procedure of inferior petrosal sinus sam-

pling using microcatheters.

2.  Bilateral  femoral  venous  sheaths  are  inserted;  one  side  is  one  French  larger 

than the size of the guiding catheter used to allow peripheral venous sampling 

via the sheath.

3.  5,  6,  or  even  7  French,  multipurpose  curve  guiding  catheters  are  advanced 

via the femoral sheaths into the contralateral internal jugular veins, pointing 

toward the inferior petrosal sinuses.

4.  The authors use standard 5 French, soft-tip catheters, which can be placed in 

the inferior aspect of the IPS with little discomfort to the patient. The bigger, 

stiffer catheter sizes should be kept in the jugular to minimize discomfort.

5.  Gentle contrast injections can be used to obtain a roadmap of the IPS.

6.  Through  a  rotating  hemostatic  valve  attached  to  the  guide  catheter,  advance 

a  large-lumen  microcatheter  such  as  RapidTransit®  (Cordis  Neurovascular, Miami Lakes, FL).

7.  Gently advance the microcatheter over a steerable, soft-tip microwire such as a 

0.014                   ™ " Soft-tip Transend (Boston Scientific, Natick, MA) into the IPS.
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Table 12.2 IPS sampling worksheet

Venous Sampling

Patient ____________________        Date _______________________

Diagnosis ________________________________________________

Sample no.     Sample site     Time (min)      Actual time     Comments

1                RIPS             −15

2                LIPS

3                PERIPHERAL

4                RIPS             −10

5                LIPS

6                PERIPHERAL

7                RIPS             −5

8                LIPS

9                PERIPHERAL

10               RIPS             0                                CRH dose _____ 

mcg @

11               LIPS

12               PERIPHERAL

13               RIPS             1

14               LIPS

15               PERIPHERAL

16               RIPS             3

17               LIPS

18               PERIPHERAL

19               RIPS             5

20               LIPS

21               PERIPHERAL

22               RIPS             10

23               LIPS

24               PERIPHERAL

8.  Whenever possible, advance the microcatheter though straight segment of the sinus 

with the wire pulled back into the catheter, to minimize the risk of wire perforation.

9.  Warn the patient that some discomfort may result as the catheter is advanced 

up the IPS.

10.  Gently position the tip of the microcatheters in the posterior cavernous sinus 

bilaterally.

11.  One is then ready to obtain samples as described above for sampling in the IPS.

12.5.6.5.    Jugular venous sampling

Sampling from the jugular bulb can be obtained in cases in which the IPS is dif-

ficult to catheterize directly, or if the operator is inexperienced with catheterization of the sinus.

Catheter navigation is essentially the same as for IPS sampling, up to the point 

of  positioning  a  5  French  catheter  at  each  jugular  bulb.  Samples  are  then  obtained from the 5 French catheters, and again a peripheral sample from one of the femoral sheaths, as described for IPS sampling.

12.5.6.6.    Puncture site care

Once  the  samples  are  obtained,  the  catheters  are  removed  and  hemostasis 

obtained,  as  discussed  above  in  the  general  comments.  Since  Cushing’s  patients 

 

VENOUS PROCEDURES                                                                12.5. Venous Sampling                 399 frequently  have  received  insulin  for  their  hyperglycemia,  it  may  not  be  advisable  to use  protamine  to  reverse  heparin,  as  protamine  administration  can  cause  hypoten-sion. Unless the patient has never received NPH insulin, it is best to leave the sheaths in  place  until  the  ACT  returns  to  normal.  The  sheaths  can  then  be  removed  and hemostasis should be obtained by manual pressure. Closure devices are generally not necessary for venous punctures. The patient should be kept on strict bed rest with legs extended  for  at  least  2 h,  depending  on  the  sheath  size.  The  authors  apply  a  Syvek hemostatic patch (Marine Polymer Technologies, Danvers, MA) then keep the patient at bed rest for 2 h for 6 French sheath sizes.

 

Petrosal sinus sampling: tips for avoiding complications

● Use  soft-tip  catheters  and  guidewires  under  roadmap  guidance,  and  be 

extremely gentle to prevent venous injury or perforation.

● Use systemic heparin and meticulous flushing technique to prevent throm-

bosis.

● Pay  attention  to  the  patient:  Severe  pain,  dizziness,  nausea,  facial/oral 

numbness or double vision could indicate something bad is happening.

● Unexplained  labile  hypertension  can  be  a  sign  of  impending  brainstem 

ischemia, and could indicate that it is time to pull back the catheters.8

 

12.5.7.  Venous sampling: Interpretation of results

12.5.7.1.    Petrosal sinus sampling

Sampling for Cushing’s is done to confirm a pituitary source (“Cushing’s disease”) 

vs.  an  ectopic  origin  of  abnormal  ACTH  production.  To  evaluate  the  results  of  the petrosal sinus sampling, ratios of the ACTH level in the IPS divided by the ACTH level in  the  peripheral  sample  is  calculated.  A  ratio  of  2:1,  IPS:peripheral  before  CRH  or 3:1 after CRH is considered diagnostic of a pituitary source of ACTH. 16 Reports from the National Institutes of Health have the greatest number of patients and show that, using the 2:1 ratio as a threshold, basal IPS sampling correctly identified 205 out of 215 surgically confirmed cases of Cushing’s disease for a sensitivity of 95% and no false positives for a specificity of 100%. 16 After CRH administration, and using a 3:1 ratio as a threshold, sampling identifies all the Cushing’s disease patients, resulting in 100% sensitivity  and  100%  specificity  with  no  false  positives. 16  Other  studies  with  smaller numbers  of  patients  with  somewhat  lower  success  rates,  have  still  shown  sensitivity and  specificity  over  90%. 17–19                                    19  The  Italian  Study  Group  found  that  the  best  success with  IPS:peripheral  ratios  of  2.1:1  for  basal  IPS  sampling  and  2.15:1  for  post-CRH sampling; however other reports20 confirmed the validity of the 2:1 and 3:1 ratios.

IPS sampling can indicate that the patient’s abnormal ACTH levels are produced 

by a pituitary adenoma with a fair degree of certainty, but can it determine the side of the pituitary adenoma? In vivo experiments showed that mixing of blood between the cavernous sinuses is minimal, and therefore sampling of blood from the petrosal sinus gives an accurate sample of what is coming from each cavernous sinus. 21 There was early enthusiasm that petrosal sinus sampling could be used to pinpoint the side of the pituitary in which the causative adenoma was located.22 The NIH group found that, using a threshold of a difference of at least 1.4 times the contralateral IPS the ACTH-producing lesion would be correctly located around 68% of the time, based on baseline samples and 71% after CRH. 16 One cause of unsuccessful lateralization of the tumor by IPS sampling is a hypoplastic IPS,23 associated with asymmetric drainage of both cavernous sinuses to one IPS. Side-to-side IPS ratios were better at lateralizing the  lesion  when  selective  venograms  showed  symmetric  drainage  of  the  cavernous sinuses to their respective IPS.24 There may be a limit to the ability to lateralize the lesion since there is a tendency for one side of the pituitary to be dominant, even in normal individuals. 25 Other causes of false lateralization include multiple adenomas, which  were  found  in  13  out  of  660  (2%)  patients  undoing  surgery  for  Cushing’s  dis-ease.26 27   Even  more  unusual  are  ectopic  adenomas  within  the  cavernous  sinus  as  a 

potential cause of false localization.
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Petrosal sinus sampling: ratios to remember

● IPS:peripheral  ratio  of  2  or  more  pre-CRH  indicates  a  pituitary  adenoma 

producing ACTH (Cushing’s disease).

● IPS:peripheral ratio of 3 or more post-CRH indicates Cushing’s disease.

●   IPS:IPS ratio of 1.4 or more indicates the side of the lesion.

● If the IPS:IPS ratios pre- and post-CRH each suggest a different side of the 

lesion, the results cannot be relied upon to lateralize the lesion. 28

 

Examples of IPSS results: three real-life cases, with analysis of results

Sample patient A

Sample no.         Sample site            Time            ACTH level

1                    RIPS                 −10

2                    LIPS

3                    PERIPHERAL

4                    RIPS                 −5                   561

5                    LIPS                                      26

6                    PERIPHERAL                              10

7                    RIPS                 0                    823

8                    LIPS                                      29

9                    PERIPHERAL                              9

10                   RIPS                 1 min post-CRH

11                   LIPS

12                   PERIPHERAL

13                   RIPS                 3                    12,823

14                   LIPS                                      611

15                   PERIPHERAL                              24

16                   RIPS                 5                    5,796

17                   LIPS                                      319

18                   PERIPHERAL                              27

19                   RIPS                                     3,792

20                   LIPS                                      299

21                   PERIPHERAL                              19

Discussion: A classic result. IPS:peripheral ratio is over 2 for all IPS samples pre-CRH and much more than 3 post-CRH. Therefore the lesion must be in the pituitary. The right IPS is greater than 1.4 times the left IPS, so the lesion should be on the right. All samples dramatically exceed the threshold ratios. Diagnosis: A right-sided pituitary adenoma was successfully located and removed at surgery.

 

Sample patient B

Sample no.         Sample site            Time            ACTH level

1                    RIPS                 −10                  59

2                    LIPS                                      321

3                    PERIPHERAL                              28

4                    RIPS                 −5                   184

5                    LIPS                                      236

6                    PERIPHERAL                              27

7                    RIPS                 0                    127

8                    LIPS                                      405
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Sample no.         Sample site            Time            ACTH level

9                    PERIPHERAL                              26

10                   RIPS                 1 min post-CRH        26

11                   LIPS                                      266

12                   PERIPHERAL                              322

13                   RIPS                 3                    5,154

14                   LIPS                                      4,912

15                   PERIPHERAL                              26

16                   RIPS                 5                    1,086

17                   LIPS                                      1,757

18                   PERIPHERAL                              50

19                   RIPS                 10                   1,159

20                   LIPS                                      1,422

21                   PERIPHERAL                              74

Discussion: MRI suggested a right pituitary adenoma. All readings show a 2:1 IPS:peripheral ratio pre-CRH and almost all readings show at least 3:1 IPS:peripheral ratio post-CRH, indicating Cushing’s dis-ease from a pituitary adenoma. Notice at 1 min post-CRH the RIPS value is the same as the previous peripheral value. This likely indicates the samples were mixed up somehow. It may also be noted that at 3 min post-CRH, there is higher ACTH in the right IPS, even though the remaining times show higher values in the left IPS. Therefore, one would predict a left pituitary source of ACTH, in contradiction to the right-sided prediction by MRI.

Diagnosis: A right-sided adenoma was removed at surgery. The IPSS therefore was incorrect as to the side. The venography during the study showed no venous anomalies or asymmetry. This shows the 

major limitation to IPSS, since it correctly lateralizes the lesion only about 70% of the time.16

Sample patient C

Sample no.         Sample site            Time            ACTH level

1                    RIPS                 −10                  46

2                    LIPS                                      141

3                    PERIPHERAL                              12

4                    RIPS                 −5                   35

5                    LIPS                                      157

6                    PERIPHERAL                              11

7                    RIPS                 0                    46

8                    LIPS                                      201

9                    PERIPHERAL                              14

10                   RIPS                 1                    255

11                   LIPS                                      477

12                   PERIPHERAL                              14

13                   RIPS                 3                    542

14                   LIPS                                      1,185

15                   PERIPHERAL                              24

16                   RIPS                 5                    827

17                   LIPS                                      1,416

18                   PERIPHERAL                              41

19                   RIPS                 10                   600

20                   LIPS                                      1,419

21                   PERIPHERAL                              77

Discussion: Consistently higher values are seen in either IPS compared to peripheral and left com-

pared to right.

Diagnosis: A left-sided pituitary adenoma was removed and the patient’s serum ACTH and cortisol 

returned to normal.
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The  results  of  cavernous  sinus  sampling  are  variable.  A  group  of  93  patients 

studied by an experienced endovascular group had successful catheterization of the cavernous  sinuses  with  zero  complications  and  sampling  successfully  diagnosed  a pituitary  source  of  ACTH  in  93%  of  cases  pre-CRH  and  100%  post-CRH  correctly predicting  the  side  of  the  lesion  in  83%  of  all  cases,  and  89%  of  those  with  sym-metrical venous anatomy and good catheter position.20 This is similar to the larger IPS  sampling  studies  in  terms  of  safety  and  accuracy,  although  cavernous  sinus sampling seems better for lateralizing the lesion. Another series of over 90 patients from  an  experienced  endovascular  group  also  had  no  complications  but  showed accuracy of diagnosing Cushing’s disease of 86% for cavernous sinus sampling com-pared to 97% for IPS sampling and 100% using both sites, but successful lateraliza-tion in only 62–68%.29 Cavernous sinus sampling accuracy suffers when CRH is not used 30,31                                                                                            32 or if samples from each sinus are not obtained simultaneously. There was one report of complications from cavernous sinus sampling, consisting of transient sixth cranial nerve palsies in two cases.33 Most centers prefer IPS sampling since it is simpler, less invasive, and there is more experience with that technique. The authors use cavernous sinus sampling in selected cases when venous anatomic vari-ants  make  IPS  sampling  more  difficult  or  in  cases  in  which  IPS  sampling  results are equivocal.

 

12.5.7.3.    Jugular venous sampling

In centers where there is limited experience with petrosal sinus catheterization, 

jugular venous catheterization is a much simpler, and presumably safer, alternative. A comparative study showed sensitivity of jugular venous sampling of 83% with 100% specificity compared to a sensitivity of 94% with 100% specificity for IPS sampling.34 Consequently,  if  jugular  venous  sampling  is  positive  for  Cushing’s  disease,  then  the patient  should  respond  to  trans-sphenoidal  surgery,  and  if  the  sampling  results  are negative or equivocal, the patient could be referred to a center with more experience in IPS or cavernous sinus sampling.

 

12.5.7.4.    Venous sampling in suspected ectopic 

ACTH production

If IPS:peripheral ACTH gradients are less than two pre-CRH or less than three 

post-CRH,  the  test  is  considered  negative  for  a  pituitary  source  (Cushing’s  disease) and an ectopic source of ACTH is then presumed. The first step is to exclude a false negative  test.  The  NIH  group  had  0.8%  false  negative  IPSS  results  related  to  a hypoplastic  IPS  on  the  same  side  as  a  pituitary  adenoma.23  Therefore,  one  should review the venograms obtained during the study, and, if there are venous anomalies, repeating  the  study  with  cavernous  sinus  sampling  may  be  considered.  One  could even consider surgical exploration of the sella if there is elevation of ACTH to CRH in peripheral blood samples, and no other source of ACTH is found on body imaging.35 If body imaging is not conclusive for an ectopic source of ACTH such as a bronchial carcinoid, sampling from various sites throughout the venous system may help focus the search for the lesion. The authors had a case with negative IPSS, and on a repeat sampling  procedure,  samples  from  the  jugular  veins,  facial  veins,  vertebral  veins, subclavian veins, and vena cava showed high ACTH in only one jugular and the high-est levels in the ipsilateral facial vein. That patient had a maxillary sinus lesion that resembled  a  polyp  on  MRI,  but  was  on  endoscopic  surgery  found  to  be  a  secretory adenoma producing ACTH.

 

12.5.7.5.    Venous sampling in acromegaly

Using techniques identical to those used in the setting of Cushing’s syndrome, IPSS 

to measure growth hormone levels can be done in patients suspected to have acromegaly, but who have equivocal laboratory and imaging studies. IPSS was found useful to make the diagnosis of acromegaly in a small group of patients with equivocal imaging stud-ies.36 Side-to-side gradients of growth hormone have not proved to be reliable.36,37
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Venous  sampling  has  been  shown  to  be  useful  to  locate  secretory  adenomas  in 

cases  of  recurrent  hyperparathyroidism  after  parathyroid  surgery.38  This  sampling involves taking samples from various neck veins, including the internal and external jugular, the inferior thyroid veins, and brachiocephalic veins. Sampling of the internal thoracic  and  vertebral  veins  has  been  advocated  to  look  for  ectopic  locations  of  par-athyroid  adenomas.39  Other  endocrine  tumors  can  be  localized  by  venous  sampling, but those procedures are beyond the scope of this handbook.

 

12.6.      Transvenous embolization

 

12.6.1.     Background

Some  arteriovenous  fistulas  may  comprise  multiple  arterial  feeders  converging 

on  a  single  venous  structure.  In  this  situation,  it  may  be  more  efficient  to  perform transvenous embolization rather than occluding a large number of individual arterial feeders. The target venous structure may be occluded without any detrimental effects on venous drainage of the brain or other normal tissues in the region, since, due to the  arteriovenous  shunt,  venous  drainage  theoretically  is  away  from,  rather  than toward this draining vein or sinus. A number of conditions must be met, however, to ensure  that  transvenous  embolization  can  be  successfully  performed  with  relatively low risk of complications. The target venous structure should be at the site of entry of  the  arterial  feeders.  Occluding  the  venous  outflow  too  far  downstream  will  allow the fistula to remain patent, draining by collateral pathways and potentially creating dangerous venous hypertension in these collateral vessels. Imaging studies, especially angiographic studies, must be carefully studied to ensure that no veins draining the brain or other normal structures drain toward the vessel to be embolized. It should only be occluded if normal veins drain away from, rather than toward it. For pial arte-riovenous shunts, there must not be an intervening arteriovenous malformation nidus between  the  artery  and  vein  to  be  occluded.  Blocking  veins  of  a  true  arteriovenous malformation prior to occluding the arterial feeders and nidus is a recipe for disaster with a high risk of hemorrhage from the nidus. Similarly, in direct arteriovenous fis-tulas that have aneurysms on the feeding arteries, occlusion of the draining vein risks aneurysm rupture as the pressure on the arterial side suddenly increases.

Another crucial condition for performance of transvenous embolization is that the 

venous  target  must  be  accessible.  Some  fistulas  drain  into  veins  that  may  be  small or tortuous before they enter a larger collecting venous structure. For example, pial arteriovenous  fistulas  often  drain  into  a  series  of  extremely  tortuous  cortical  veins before  draining  into  cavernous  or  transverse  sinuses,  making  transvenous  access  to the fistula difficult, if not impossible. Moreover, arteriovenous fistula may be associ-ated with considerable venous occlusive disease, often blocking direct venous access to  the  fistula.  Dural  fistulas,  in  particular,  are  thought  to  arise  in  association  with venous  thrombosis.  It  is  precisely  those  fistulas  having  occlusion  of  the  primary venous  outlets  and  reflux  into  tortuous  cortical  veins  that  are  the  most  dangerous lesions  requiring  definitive  occlusion.  Fistulas  that  are  inaccessible  via  an  endovas-cular  route  for  transvenous  therapy  may  still  be  treated  using  direct  intraoperative access  to  the  draining  vein,  allowing  deposition  of  coils  or  liquid  embolic  agents  to occlude the fistula.

 

12.6.2.  Indications for transvenous embolization

1.  Cavernous dural arteriovenous fistula (dAVF).

2.  Direct  carotid-cavernous  fistula  (CCF)  patients  who  are  poor  candidates  for 

transarterial embolization (e.g., Ehlers–Danlos or other connective tissue dis-

order, recent trauma, difficult arterial access, etc.).

3.  Transverse,  sigmoid,  or  superior  sagittal  sinus  dAVF  draining  into  a  sinus 

adjacent to a site of occlusion of that sinus.

4.  Vein  of  Galen  aneurysmal  malformations  of  the  typical  mural-type  and  with 

certain caveats (see below).
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5.  Vertebral-venous fistula (VVF).

6.  Certain, rare direct pial fistulas.

7.  Certain, rare spinal fistulas.

 

12.6.3.  Complications of transvenous embolization

Informed consent prior to the procedure should include an estimate of the risk 

of complications.

12.6.3.1.    Neurological complications

1.  Access-related complications may include perforation or rupture of intracranial 

venous structures, causing subarachnoid or subdural bleeding.

2.  There  is  a  risk  of  venous  infarction  and  associated  intraparenchymal  hemor-

rhage if one occludes vital intracranial venous structures.

3.  There can be worsening of symptoms of venous hypertension if a venous outlet 

is occluded and the arteriovenous fistula remains patent, redirecting flow into 

other venous pathways.

4.  A risk of arterial-side complications can occur if a related arterial embolization 

is performed as part of the procedure.

5.  Transvenous liquid acrylic embolization of an arteriovenous fistula risks reflux 

of glue into arterial feeders and further reflux into normal arterial territories 

if  the  injection  is  overly  aggressive,  or  if  it  is  done  without  optimal  biplane 

fluoroscopic imaging.

6.  Brain abscess has been reported after transvenous embolization.40

7.  Given the relative infrequency of the use of this procedure, estimates of compli-

cation rates are only rough guesses, although a recent series of 31 cases treated 

with  transvenous  embolization  suffered  approximately  10%  neurological  com-

plications, with no permanent deficits.41 In a series of 135 cases of cavernous 

dural  fistulas,  6%  had  complications  and  2%  had  permanent  deficits,  but  an 

unspecified number of these cases underwent transarterial embolization along 

with, or instead of transvenous embolization.42

8.  Even  after  successful  transvenous  embolization  of  a  dural  fistula,  delayed 

development of a second fistula at a different site can occur.43,44

12.6.3.2.    Non-Neurological complications

1.  Coils or other embolic agents might embolize to the pulmonary circulation.

2.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

3.  Similarly,  groin  hematomas  can  occur,  but  are  less  common  and  less  severe 

compared to arterial punctures.

4.  Venous thrombosis can occur anywhere along the catheter path or in the pul-

monary circulation.

5.  Anesthesia-related complications can occur.

6.  Patients with Ehlers–Danlos syndrome can experience a wide variety of com-

plications related to their connective tissue fragility, including retroperitoneal 

hematoma and bowel perforation.45,46

 

12.6.4.  Transvenous embolization: Procedural aspects

12.6.4.1.    Preprocedure evaluation

1.  A brief neurological exam should be done to establish a baseline, should a neu-

rologic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse, which pro-

vides a landmark for femoral venous access.

4.  If jugular access is anticipated, examine the neck. Observe the jugular venous 

pulsation, if visible. Palpate the carotid pulse.
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5.  Ask the patient about any history of deep venous thrombosis which may require 

using special sites for venous access.

6.  Blood  tests,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, should be reviewed.

7.  Airway  issues,  history  of  previous  general  anesthesia,  and  any  other  coexist-

ing  medical  issues  that  could  impact  the  use  of  general  anesthesia  should  be 

checked.

 

12.6.4.2.    Preprocedure orders

1.  NPO for 6 h, except for medications.

2.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter.

12.6.4.3.    Contrast agents

Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ), are generally used for these procedures.

12.6.4.4.    Venous access sheath

Transvenous  embolization  procedures  are  almost  always  done  using  a  femoral 

venous sheath, most commonly a 6 French, 25 cm sheath. Alternatively, one can use a 5 or 6 French 90 cm sheath, like the Shuttle® sheath (Cook, Inc., Bloomington, IN) which also acts as a guiding catheter. In rare cases, to improve access to the intracra-nial sinuses, using ipsilateral retrograde jugular venous access may be considered. In such cases, use a short, 10 cm 4 or 5 French sheath for jugular access.

12.6.4.5.    Anticoagulation

Use of systemic heparin varies among practitioners of transvenous embolization, 

but  jugular  and  femoral  venous  thrombosis  has  occurred  in  patients  with  fistulas embolized without systemic heparin.41 The authors think it is prudent to use heparin in these procedures. During the procedure, after access is obtained, administer 50–70 units kg−1 intravenous heparin bolus.

12.6.4.6.    Sedation/Anesthesia

Most commonly, transvenous embolization is performed with the patient under 

general anesthesia. Any catheterization above the skull base can produce significant discomfort,  and  the  procedure  may  take  considerable  time,  so  it  is  advisable  to  use general anesthesia. The lower systemic pressure attainable under general anesthesia also allows coil embolization with a lower risk of migration of coils from their intended destination. Intraoperative embolization also definitely requires general anesthesia.

 

12.6.5.     Suggested wires and catheters 

for transvenous embolization

12.6.5.1.    Access wires

●                                                                      ® Steerable  hydrophilic  wires  like  0.035  or  0.038 in.  angled  Glidewire  (Terumo 

Medical,  Somerset,  NJ)  can  be  used  to  advance  a  guiding  catheter  into  the 

jugular vein.

●   Softer, yet torquable wires like the Headliner or Gold-tip Glidewire (Terumo ™                ®

Medical, Somerset, NJ) can be helpful for navigating occasional pesky valves in 

the lower internal jugular.
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●   Soft-tip  Transend ,  or  Synchro  (Boston  Scientific,  Natick,  MA)  or  other ™          ™

0.014 in. wire is used to advance the microcatheter to the target vessel.

●   If using 170 cm microcatheters, a 200 cm guidewire will be necessary.

12.6.5.2.    Guide catheters

If  guide  catheters  are  used,  a  fairly  supportive  catheter,  such  as  the  6  French 

Northstar ®        ®  Lumax  (Cook  Medical,  Inc.,  Bloomington,  IN)  is  useful  for  transvenous embolization;  it  can  however  be  placed  only  as  high  as  the  jugular  bulb  for  access. Occasionally,  a  guide  catheter  may  be  required  in  the  inferior  petrosal  sinus  or transverse sinus to improve access to the target lesion. This requires a smaller, more flexible  catheter,  like  the  4  or  5  French  Angled  Glide-catheter®  (Terumo  Medical, Somerset, NJ) or 5 French Guider Softip™ XF (Boston Scientific, Natick, MA).

12.6.5.3.    Microcatheters

Large-lumen  microcatheters,  like  a  RapidTransit®  (Cordis  Neurovascular, 

Miami Lakes, FL), or Excelsior ®      ® 1018 (Boston Scientific, Natick, MA) are helpful for transvenous embolization, since they accept a wide variety of guidewires to facilitate access, and also allow use of various embolic agents, including pushable fibered plati-num coils. In cases with associated venous stenosis or tortuosity, it may be necessary to use lower-profile microcatheters, such as the 1.7 French Excelsior ®       ® SL-10 (Boston Scientific, Natick, MA) or Echelon™ 10 (ev3, Irvine, CA). Access to the anterior supe-rior  sagittal  sinus  or  vessels  entering  usually  requires  a  170 cm  microcatheter  (see Venography section). However, detachable coils are designed to be deployed via 150 cm microcatheters,  which  may  limit  the  types  of  embolic  agents  that  can  be  used  with longer microcatheters.

12.6.5.4.    Saline infusion

As with any endovascular procedure, continuous drips of heparinized saline are 

attached to stopcocks on the sheath, guiding catheter, and microcatheter lumen.

12.6.5.5.    Embolic agents

● Detachable  platinum  coils:  Very  controllable  and  allow  repeated  use  of  the 

microcatheter. However, this approach requires large numbers of coils to close 

high-flow fistulas.

● Detachable  fibered  coils:  Very  controllable  and  more  thrombogenic  than  bare 

platinum, but quite stiff; they require a larger lumen microcatheter.

● Pushable  fibered  coils:  Help  promote  thrombosis  better  than  bare  platinum, 

but not easily retrievable if not properly positioned; they also require a larger 

lumen microcatheter.

● Liquid embolic agents: Injectable through a small microcatheter and achieves 

quick, secure occlusion, but hard to control in high-flow lesions and can poten-

tially reflux into arterial structures.

 

12.6.6.     Procedures

12.6.6.1.    Venous access

1.  The groin area is prepped bilaterally and draped.

2.  The  femoral  pulse  is  palpated  at  the  inguinal  crease,  and  local  anesthesia 

(0.25% bupivicaine) is infiltrated medial to the pulse, both by raising a wheal 

and  injecting  deeply  toward  the  vein.  (This  reduces  puncture  site  discomfort 

after the procedure.)

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.

4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark red blood aspirated from the needle using a 10 cc syringe confirms punc-

ture of the femoral vein.

VENOUS PROCEDURES                                                         12.6. Transvenous embolization                 407

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.

7.  Successive  dilators  are  used  to  dilate  up  to  one  French-size  greater  than  the 

nominal sheath size being used.

8.  Depending on the size and type of stent being used, a sheath is placed in the 

right (or left) femoral vein. Usually a 6 French, 90 cm Shuttle® sheath (Cook, Inc., Bloomington, IN).

9.  The  90 cm  sheath  is  advanced  into  the  dominant  jugular  vein,  or  other  major 

vein draining the venous structure to be embolized.

10.  Alternatively,  the  jugular  vein  can  be  used  for  access  to  the  ipsilateral  dural 

venous sinuses. Retrograde jugular puncture is performed using a small vessel 

access system, as discussed in the general venous access comments above.

11.  When the needle is in the vein, the 0.018 in. platinum-tip wire of the access kit 

is carefully advanced up the jugular vein, the needle removed, and the coaxial 

dilator inserted.

12. A 0.038 J-tip wire or Glidewire® (Terumo Medical, Somerset, NJ) retrograde is 

gently advanced into the jugular vein, as high as one can easily get it, to provide 

added support.

13. The tract may have to be dilated with a 5.5 French dilator; wire access should 

not  be  lost,  and  it  must  be  ensured  the  wire  does  not  traumatize  the  venous 

structure it is in.

14.  A 10 cm long, 4 or 5 French sheath is advanced to the upper jugular vein.

12.6.6.2.    Arterial access

With  any  transvenous  embolization,  an  arterial  catheter  is  helpful  to  allow  for 

roadmap images and periodic arteriograms to monitor the progress of the emboliza-tion procedure:

1.  Access the femoral artery contralateral to your venous access site.

2.  Palpate the femoral pulse and make a skin wheal with local anesthetic.

3.  Make a small dermotomy with the 11-blade scalpel.

4.  Puncture the femoral artery with an 18 gauge Potts needle.

5.  Insert  a  0.035  or  0.038  J-wire  through  the  needle  into  the  abdominal  aorta 

under fluoroscopic control.

6.  Remove the needle and insert a 4 French, 10 cm sheath into the artery.

7.  Through the sheath, advance a 4 French diagnostic arteriography catheter into 

the arterial system that supplies the fistula being treated.

8.  Attach  the  catheter  to  a  three-way  stopcock  for  continuous  infusion  of 

heparinized saline.

9.  Perform an arteriogram to determine the optimal site of transvenous emboliza-

tion and optimal views to see the venous approach to the fistula.

10.  Periodically inject contrast via the arterial catheter for roadmap imaging of the 

target vein and venous pathways emanating from it.

11.  During  the  embolization,  periodically  perform  arteriographic  runs  to  ensure 

the embolization is progressing as planned, and determine the endpoint of the 

embolization.

12.6.6.3.    Intracranial access

1.  Through  the  venous  sheath  or  guiding  catheter  in  the  jugular,  advance 

the  desired  large-lumen  microcatheter,  such  as  the  RapidTransit®  (Cordis Neurovascular,  Miami  Lakes,  FL)  over  a  wire,  the  0.012 in.  J-Tip  Headliner™ (Terumo  Medical,  Somerset,  NJ)  or  the  0.014 in.  Soft-tip  Transend™  (Boston Scientific, Natick, MA) gently through the jugular into the intracranial venous 

sinuses and advance the catheter to the venous structure to be embolized.

2.  One may need to periodically remove the guidewire and contrast through the 

microcatheter to confirm that the pathway is right. Even if one is using an arte-

rial catheter for roadmap imaging, at times, closely parallel venous structures 

may appear to be heading toward the target on roadmap images, but really be 

leading in the wrong direction.

3.  Place  the  microcatheter  at  the  venous  structure  to  be  embolized,  and,  if  it  has  not 

already been done, perform venography to confirm proper positioning of the catheter.

4.  Be gentle with catheter and wire manipulation, and use extreme caution when 

catheterizing  deep  venous  structures,  cortical  veins,  or  small  venous  struc-

tures. These are very fragile and deformable by stiff catheter systems.
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5.  Even if a venous sinus appears thrombosed angiographically, it may be possible 

to  gently  probe  with  a  soft-tip  wire  and  advance  a  low-profile  microcatheter 

through the occlusion.

6.  If  a  stenosis  or  occlusion  of  a  sinus  that  may  have  drained  the  fistula  can  be 

crossed  with  a  microcatheter,  one  may  consider  stenting  the  lesion  to  reduce 

venous hypertension, as is discussed in Transvenous Stenting section.

12.6.6.4.    Coil embolization

● As  a  general  rule,  deposit  coils  in  the  venous  structure  one  wants  to  occlude, 

beginning from the area most distal to the point of endovascular access to the 

structure. Embolize from distal-to-proximal to ensure correct procedure.

● Also,  be  sure  to  block  any  potential  outlets  into  cortical  or  brainstem  veins, 

so  that  one  is  certain  that  dangerous  cerebral  venous  hypertension  will  be 

relieved, even if the procedure fails to completely cure the fistula.

● In the case of a high-flow fistula, it is best to start with a detachable coil, oversized 

to  the  diameter  of  the  vein  being  occluded.  If  it  does  not  appear  stable, do  not 

detach it. Remove it and try a larger diameter coil or a 3D configuration coil.

●   Once a coil is obtained to frame the vein and be stable, detach it.

● Place additional detachable coils to further frame and fill the space. The softest 

possible coils work best to pack tightly into the space available.

● If  the  microcatheter  has  a  large  enough  lumen,  it  is  helpful  to  intersperse 

some fibered coils to induce thrombosis. Care may be taken not to displace the 

microcatheter with the stiffer coils or jam the coils in the catheter.

● If a 170 cm microcatheter is being used, pushable fibered coils and not detach-

able  coils  (they  require  150 cm  catheters)  would  be  required.  These  can  be 

injected with a bolus of saline, although often the coil will not exit the catheter 

tip if the catheter takes a tortuous route or if the coil meets any resistance as 

it enters the vessel. A 180 cm or longer guidewire can be used to push out the 

coil;  one  must  use  a  big  enough  diameter  wire  is  to  be  certain  that  it  cannot 

slide alongside the coil in the catheter.

●                                      ® The injectable Berenstein Liquid Coil (Boston Scientific, Natick, MA) can be deliv-

ered via a wide variety of catheters, but works best for occluding small vessels.

● Continue to pack coils in the venous structure being occluded. Alternate between 

ultrasoft coils to fill small spaces and fibered coils to promote thrombosis.

● Some operators advocate injection of 5 mm fragments of 2-O silk suture via the 

microcatheter to promote thrombosis,47 but these can jam in the catheter and are 

less predictable or controllable than pushable, detachable, or injectable coils.

● For a large venous sinus or venous varix, it will take a number of coils to block 

flow. At times even 20–40, or more coils have been used in a case.

● Periodic  arteriograms  during  the  procedure  will  indicate  when  the  arteriov-

enous shunting slows and finally stops.

12.6.6.5.    Liquid embolic embolization

There  are  two  different  methods  of  using  liquid  embolic  agents  in  the  setting 

of  transvenous  embolization.  One  involves  first  packing  of  the  venous  outlet  of  an arteriovenous fistula with coils placed by a transvenous approach. A catheter is then placed in a dominant arterial feeder via a transarterial approach. The other method involves direct injection of the liquid embolic agent via a transvenous catheter in the venous outlet of the fistula.

12.6.6.6.     Transarterial n-BCA Injection

● This technique is used most commonly in high-flow fistulas to achieve quicker 

and more complete occlusion than transvenous coil embolization alone.

● Coils placed in the venous side of the fistula act like a filter to catch the embolic 

agent and prevent distal migration of embolic agent into the venous system.

●   A 5 or 6 French guide catheter is necessary.

● Perform transvenous coil deposition in the venous outlet of the fistula, as dis-

cussed above.

● When one has achieved the desired packing density, and created a filter within 

the vein, the tip of the transvenous microcatheter can be withdrawn from the 

coil mass, so that it does not get glued in place.
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● Advance either a flow-directed or over-the-wire type microcatheter to the arte-

rial feeder supplying the fistula.

●   Position the microcatheter distal to any normal branches.

● Carefully  pull  back  slightly  on  the  microcatheter  to  remove  any  slack,  and 

gradually  loosen  the  rotating  hemostatic  valve  so  that  it  just  barely  prevents 

backflow of blood in the guiding catheter, without binding the microcatheter too 

tightly.

● Confirm  proper  catheter  positioning  with  a  contrast  injection  via  the  micro-

catheter for a superselective arteriogram. One should select a projection that 

shows the microcatheter tip and its relationship to any curves in the arterial 

feeder  distal  to  the  catheter  tip,  any  normal  branches  proximal  to  it,  and  the 

coil basket placed in the venous outlet.

● Study  the  superselective  arteriogram  carefully  to  schedule  the  arteriovenous 

transit  time,  and  determine  the  morphology  of  the  target  arterial  feeder  and 

venous structure where the liquid agent will be deposited.

●                                                               ® Assuming one is using an acrylic adhesive glue like Trufill n-BCA (Cordis 

Neurovascular,  Miami  Lakes,  FL)  prepare  with  Ethiodol  oil  at  a  dilution 

appropriate  for  the  velocity  of  flow  through  the  fistula.  It  is  necessary  to 

remember  that  as  soon  as  the n-BCA  contacts  the  coils,  flow  will  start  to slow, so the glue will need to be slightly more dilute than one might predict. 

With  a  fairly  dense  coil  mass  in  the  vein  a  4:1,  oil:glue  mix  often  works 

well.

● Attach a glue-compatible stopcock directly to the microcatheter. Cook Medical 

(Bloomington,  IN)  makes  a  high-pressure,  white  nylon  plastic,  and  three-way 

stopcocks with Luer-lock fittings that hold up well during glue injections.

● Thoroughly flush the microcatheter with 5% dextrose solution. As the last mil-

liliter of dextrose is being injected, close the stopcock to prevent blood backflow 

into the microcatheter.

● Holding the stopcock upright, fill the Luer-lock connection fully with dextrose.

● Create  a  blank  roadmap  mask,  so  that  one  can  view  the  glue  injection  under 

digital subtraction.

●   Attach a 3 mL syringe loaded with the prepared glue mixture.

● Slowly,  but  steadily  inject  the  glue  using  roadmap  imaging,  so  that  the  glue 

column continuously moves forward.

● Fill  the  arterial  feeder  and  the  desired  portions  of  the  proximal  part  of  the 

draining vein.

● Be alert for any signs of reflux of glue back along the catheter, passage of glue 

beyond the coil mass in the vein, or reflux of glue from the vein into other arte-

rial branches feeding the fistula.

● If  any  of  these  conditions  occur  and  one  is  using  dilute  glue,  the  injection 

may be briefly paused, then resumed cautiously. Sometimes the glue will find 

another pathway into the coil mass.

● If there is any question that the glue is refluxing or going elsewhere or if one 

has  finished  filling  the  desired  space  with  glue,  stop  injecting,  aspirate  the 

syringe to create negative pressure in the microcatheter, and quickly, smoothly 

withdraw  the  microcatheter  completely  from  the  patient  and  discard  it.  It  is 

best  to  pull  the  guiding  catheter  and  microcatheter  as  a  unit,  but,  if  braided 

microcatheters are used one can just pull the microcatheter.

● Examine the rotating hemostatic valve of the guiding catheter for any retained 

droplets  of  glue,  then  aspirate  and  double  flush  the  stopcock,  rotating  hemo-

static valve, and guide catheter.

● Once the guide catheter is thoroughly inspected and flushed, reinsert it to the 

arterial  territory  of  interest,  and  perform  a  follow-up  arteriogram  to  ensure 

that the goal is accomplished.

 

12.6.6.7.                         ® Transarterial onyx injection

●   Have several vials of Onyx (ev3, Irvine, CA) agitating in an automatic mixer ®

for at least 30 min while performing other parts of the procedure.

● Coils are placed in the venous side of the fistula via a transvenous approach, 

and the venous microcatheter is withdrawn from the coil mass.

●   This  transarterial  technique  is  similar  to  the  technique  using n-BCA  glue 

regarding the catheterization of the arterial feeder, except one must use a dime-

thyl  sulfoxide  (DMSO)-compatible  catheter  like  the  over-the-wire  type  Rebar® (ev3, Irvine, CA) or more flexible Marathon™ (ev3, Irvine, CA).
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● Confirm  proper  catheter  positioning  with  a  contrast  injection  via  the  micro-

catheter for a superselective arteriogram. One should select a projection that 

shows the microcatheter tip and its relationship to any curves in the arterial 

feeder  distal  to  the  catheter  tip,  any  normal  branches  proximal  to  it,  and  the 

coil basket placed in the venous outlet.

● Study  the  superselective  arteriogram  carefully  to  schedule  the  arteriovenous 

transit  time,  and  determine  the  morphology  of  the  target  arterial  feeder  and 

venous structure where one will deposit the Onyx®.

● Select a premixed viscosity of the agent depending on the size of the feeder and 

degree of arteriovenous shunting. Big feeders with fast flow need Onyx® 34 and 

small feeders or slower shunting should be treated with Onyx® 18.

● Use the proper syringe supplied by ev3, draw up 1 mL of DMSO. The technique 

for handling Onyx syringes is illustrated in Fig. 7.3.

●                                                       ® Using a blank roadmap mask, slowly inject the Onyx under roadmap visuali-

zation at a rate of approximately 0.2 mL min−1.

●                           ® Continue injecting Onyx as long as it flows forward into the desired areas.

● If it refluxes along the catheter, passes beyond the proximal part of the vein, 

or refluxes into other arterial feeders, pause the injection for 15 s, then resume 

injection.  If  the  Onyx®  continues  to  flow  in  the  wrong  direction,  pause  again 

for 15–30 s, and try again. If the Onyx® finds another, more desirable pathway, 

continue the slow injection.

● When adequate filling of the desired vascular spaces has been achieved, or if 

the Onyx® repeatedly flows in the wrong direction, stop injecting, aspirate back 

on the syringe, and slowly, but steadily pull back on the microcatheter, disen-

gage it from the deposited Onyx® and remove it. The heavy-duty catheters used 


for Onyx® can usually be pulled back on their own, without pulling the guide 

catheter as well.

● After the microcatheter has been withdrawn from the guide catheter, examine 

the rotating hemostatic valve of the guiding catheter for any retained droplets 

of  Onyx®,  then  aspirate  and  double  flush  the  stopcock,  rotating  hemostatic 

valve, and guide catheter.

● Once the guide catheter is thoroughly inspected and flushed, perform a follow-

up arteriogram to ensure that all tasks have been accomplished.

 

12.6.7.     Transvenous embolization: Tips 

on specific disease processes

12.6.7.1.    Direct carotid-cavernous fistula

Direct  CCFs  tend  to  be  high-flow  fistulas,  with  considerable  enlargement  of 

venous  outlets.  These  lesions  also  tend  to  present  early,  before  high-flow  venopathy produces stenosis or occlusion of potential venous access vessels. These characteristics create  a  paradox  of  easier  access  to  the  cavernous  sinus  via  the  transvenous  route; but also greater necessity to completely close the fistula because of the high flow. In the era of detachable balloon therapy for CCF, transarterial embolization was aided by the high flow through the arteriovenous fistula, guiding the balloon through the fistula  and  into  the  cavernous  sinus.  Transvenous  approaches  were  required  when technical  difficulties  were  encountered  with  the  arterial  access  to  the  fistula.48 Transvenous embolization should also be considered in patients with vessel wall fra-gility syndromes, such as Ehlers–Danlos, which can make transarterial embolization riskier.45,49 Thus transvenous embolization is more attractive, due to lower pressures on the venous side, which decreases the likelihood of catastrophic bleeding.46

Venous access to the cavernous sinus can often be obtained via the inferior petro-

sal sinus,48 and direct cut-down on the superior ophthalmic vein (SOV) in the orbit50; or by various transfemoral approaches, like the pterygoid plexus.51 The aim is to have stable  microcatheter  placement  for  insertion  of  sufficiently  large  quantities  of  coils. This helps achieve thrombosis of the fistula itself and the cavernous sinus, as well as potentially  dangerous  outlets  to  cerebral  cortical  or  brainstem  veins;  and  the  origin of the ophthalmic veins, since arterialized drainage into those veins is generally the source of symptoms in these patients. The general rule is to occlude the parts of the sinus  that  drain  to  dangerous  or  symptomatic  outlets,  going  from  the  region  most distal to the venous access point first, and ending with the region closest to the access point to the sinus. When placing coils near the actual site of the fistula, one has to 

 

VENOUS PROCEDURES                                                         12.6. Transvenous embolization                 411 be careful not to let the coils pass through the fistula into the arterial side. This can sometimes be difficult in the case of a much dilated cavernous sinus, with large coil mass which may obscure the carotid. One can place a balloon, such as a Hyperform™ (ev3, Irvine, CA) in the carotid across the neck of the fistula, and inflate it periodically as coils are placed in the cavernous sinus. This will limit the risk of coils prolapsing through  the  fistula  into  the  artery.  However,  the  0.010 in.  guidewire  of  the  balloon need  to  be  placed  well  into  the  middle  cerebral  artery  to  stabilize  the  balloon  and prevent  it  from  being  sucked  into  the  cavernous  sinus  by  the  high-flow  shunt.  It  is necessary to have a J-shape curve on the wire and this should not be allowed to get into a small branch or perforate the vessel. It may be simpler to place a Neuroform ™ stent (Boston Scientific, Natick, MA) in the carotid across the fistula, to prevent coils from migrating from the cavernous sinus into the artery.

Direct access to the cavernous sinus through surgical exposure can allow coiling 

of  the  cavernous  sinus. 52  However,  this  approach  is  not  commonly  required,  unless the  venous  anatomy  is  truly  unfavorable  or  if  failed  transarterial  and  transvenous embolizations have blocked endovascular access.

12.6.7.2.    Cavernous dural arteriovenous fistula

Cavernous dAVF treatment is routinely accomplished with transvenous emboli-

zation.47  Since  these  fistulas  flow  slower  than  direct  fistulas,  one  can  achieve  com-plete closure with only a few well-placed coils in the cavernous sinus. Transvenous access  to  the  cavernous  sinus  is  most  directly  and  effectively  accomplished  via  the inferior petrosal sinus (IPS). This can be successful even when the IPS appears to be occluded or absent on angiographic studies.47 Passage of a J-tip hydrophilic wire and low-profile  microcatheter  can  be  done  safely  if  done  gently  and  carefully. 53  Fistulas that drain into the contralateral cavernous sinus via the circular sinus may be acces-sible  by  catheterization  of  the  contralateral  posterior  cavernous  sinus  via  the  IPS, with  passage  of  the  catheter  across  the  intercavernous  sinus  to  the  sinus  draining the  fistula.  However,  care  needs  to  be  exercised  to  determine  the  exact  site  of  the fistula  before  starting  to  deploy  coils  in  the  cavernous  sinus.  If  one  is  not  certain about  exactly  where  the  shunt  starts,  one  might  block  venous  access  to  the  fistula and  redirect  drainage  into  cortical  or  brainstem  veins,  or  possibly  worsen  ocular venous hypertension if one blocks some of the venous outlets without fully occluding the fistula. To make matters worse, some cavernous dAVFs are bilateral, with arte-riovenous shunts involving both cavernous sinuses. This may require packing of both sinuses, but before one does that:

1.  Be absolutely sure there are bilateral shunts, rather than just drainage from 

one cavernous sinus to another.

2.  Have  a  plan  of  attack  so  that  one  does  not  inadvertently  block  access  to  one 

cavernous sinus as the other is coiled.

3.  Remember that, after one cavernous sinus has been coiled, it will obscure the 

contralateral cavernous sinus on a straight lateral view.

4.  Try  using  some  craniocaudal  angulation  on  the  lateral  view  to  keep  the  two 

cavernous sinuses from overlapping and to get the coils in one cavernous sinus 

out of one’s way for visualizing the contralateral sinus.

The SOV itself can be accessed via direct surgical exposure, passage of a detach-

able  balloons54           55                                                                  54  or  coils  through  a  venotomy  for  embolization  of  the  sinus.  As catheterization techniques have become more sophisticated, access to the cavernous sinus via the SOV can often be done through the facial vein without using a direct cut-down.56,57 This approach requires good imaging systems and finesse to navigate a soft wire and low-profile microcatheter around the curves as the straight angular vein connects to the loopy eyelid veins and into the SOV. The direct venotomy should be reserved for cases in which the more indirect endovascular approach has failed, since  direct  venotomy  carries  risk  of  local  hematoma  or  nerve  injury,  especially  if the  vein  is  small. 58–60  An  even  more  extreme  measure  is  to  perform  percutaneous direct puncture of the SOV deep in the orbit, when transvenous or direct cut-down fails. 61  However,  if  one  does  get  a  hematoma  in  the  deep  orbit,  it  can  be  hard  to control  and  result  in  optic  nerve  compression.  The  situation  is  within  control  if one  directly  exposes  the  vein  surgically.  For  surgical  exposure  deep  in  the  orbit,  a craniotomy  may  be  required.  Various  other  access  routes  to  the  SOV  can  be  done, including puncture of the jugular or facial veins to improve access, or percutaneous puncture  of  the  frontal  vein  in  the  forehead62  or  superficial  temporal  vein  in  the temporal scalp.63

When transfemoral venous access via the IPS or SOV is not possible, other routes 

of entry may be required. Passage of a microcatheter from the jugular bulb and up the 

 

412                  12.6. Transvenous embolization                                                                       VENOUS PROCEDURES sigmoid sinus to the superior petrosal sinus may allow catheterization of the cavern-ous sinus in selected cases.64 When everything else fails, direct surgical exposure of the cavernous sinus can be performed where a microcatheter is inserted via a cortical vein 65                        66  or  other  tributary  into  the  cavernous  sinus.  The  authors  have  resorted  to these  open  surgical  approaches  only  in  the  case  of  dangerous  fistulas  with  cortical venous drainage where less invasive endovascular approaches have been unsuccess-ful. It is to be understood that it is precisely those dangerous fistulas that will have a great deal of cortical venous congestion, and considerable bleeding is possible during the open procedure.

Although most transvenous embolization is done using coils, liquid embolic agents 

such  as  dilute n-butyl  cyanoacryate  glue67  (Trufill® n-BCA,  Cordis  Neurovascular, Miami  Lakes,  FL)  or  ethylene  vinyl  copolymer68         ®  (Onyx  ev3,  Irvine,  CA);  these  can be  injected  via  a  transvenous  catheter  to  cast  the  cavernous  sinus  and  occlude  the fistula. The advantage of glue is that it polymerizes faster, can be used in a variety of catheter systems, and does not make the patient smell of DMSO like Onyx® does. The advantage of Onyx ® is that it permits very slow and controlled deposition. Both agents must be injected very slowly and carefully, with constant vigilance for signs of reflux into some of the arterial feeders of the fistula, which could reflux into the ophthalmic or carotid arteries and cause serious neurological complications. One could inflate a balloon  in  the  ipsilateral  cavernous  carotid  during  the  liquid  embolic  injection,  but that will not prevent reflux into the ophthalmic artery, which can blind the patient, or even to the contralateral cavernous carotid artery via parasellar and clival anasta-moses from side to side. Either agent can be used in conjunction with coils placed in the cavernous sinus, but large numbers of coil may make it difficult to see the path of the liquid embolic agent. Needless to say, this procedure can only be tried by persons with considerable experience with either                 ® n-BCA or Onyx.

Occasionally, a true intraorbital fistula may mimic cavernous dural fistulas clini-

cally; even the angiographic studies may look like a cavernous dAVF if it drains both posteriorly toward the cavernous sinus and anteriorly to the SOV. These intraorbital fistulas  are  successfully  treated  by  transvenous  embolization69,70  provided  the  site of  the  fistula  is  accurately  determined.  Orbital  fistulas  may  connect  directly  to  the SOV, so coils must be placed in that vessel at the site of the fistula, rather than in the cavernous sinus, as is usually done in cavernous dAVFs. This shows that it is always important to carefully evaluate high-quality angiographic studies before planning and executing a therapeutic procedure.

12.6.7.3.    Transverse/Sigmoid sinus dAVF

Dural  AVFs  involving  transverse  and  sigmoid  sinuses  may  have  numerous 

arterial feeders, making it more efficient to occlude the recipient dural sinus via a transvenous approach. Cure rates are high with transvenous embolization of these lesions71 and therefore this approach often proposed as the treatment of choice for these  lesions.72  However,  most  of  these  lesions  have  a  benign  natural  history,  and occlusion  of  a  major  dural  venous  sinus  is  a  drastic  solution  for  benign  disease. Short-term  symptoms  of  venous  hypertension  have  been  reported  in  small  series after transvenous embolization 73 and long-term data on results of transvenous sinus occlusion  is  lacking.  The  authors  recommend  transvenous  sinus  occlusion  in  the transverse/sigmoid  sinus  only  in  the  case  of  high  risk  lesions  that  reflux  into  cer-ebral  cortical  veins  implying  there  should  be  pre-existing  venous  occlusive  disease in these patients. As a rule in these situations, there is an occlusion of the normal drainage  of  the  affected  sinus,  and  transvenous  embolization  will  only  extend  the occlusion  to  involve  the  site  of  fistulization.  Transvenous  embolization  can  still be  done  in  cases  of  apparently  thrombosed  access.  Microcatheters  may  be  passed through  the  thrombosed  sinus  for  occlusion  of  the  site  of  the  fistula  with  coils.74,75 The outlets into any cortical veins should always be occluded first; later the sinus at the site of the fistula should be taken. When using liquid embolic agents, it is also helpful to follow this rule: Coils should be placed at the entry point of any cortical veins, and later the sinus should be filled with the liquid embolic; this will prevent n-BCA or Onyx® spreading out into cortical veins.

Certain dangerous fistulas have arterial feeders that converge to an isolated seg-

ment of sinus which may not be accessible via a transvenous approach. The sinus is occluded on either side of the fistula and all drainage is by reflux into cerebral corti-cal veins. In that situation, an option exists to perform open surgical exposure of the isolated sinus segment and insert a microcatheter either directly into the sinus or into one of the tributary vessels draining from the sinus. Coils and/or liquid embolic agents can then be used to occlude the sinus segment and fistula. 71,76
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dAVF development is thought to be related to venous occlusive disease; it is ironic 

that the treatment involves occluding a venous sinus. A more physiological treatment would be to resolve the venous occlusive disease. Stenting the affected sinus is proven to be effective in relieving symptoms and sometimes curing the fistula.77 Greater use of  physiologic  therapy  for  these  dAVFs  may  make  transvenous  embolization  a  less commonly employed therapy (see Transvenous Stenting section).

12.6.7.4.    Superior sagittal sinus and other anterior 

cranial fossa dAVF

The superior sagittal sinus may be the site of a dAVF, but, as a rule, occlusion of 

the sinus itself is not recommended, except in its far anterior aspect. Consequently, transvenous embolization in these cases is reserved for selected cases of anterior fossa dAVFs which first drain into a cortical vein before draining into the sinus. The cortical vein may be occluded at the site of the fistula. 78,79 Fistulas draining into the anterior aspect  of  the  sinus  may  require  extra-long  (170 cm)  microcatheters  to  perform  the transvenous  embolization  from  a  femoral  venous  access.  The  authors  have  had  suc-cess with transvenous placement of coils at the site of the fistula in the cortical vein, followed by a transarterial glue embolization to cast the vein. The coils on the venous side prevent inadvertent spillage of glue into the superior sagittal sinus or beyond.

More posterior fistulas which drain directly into the superior sagittal sinus and 

are associated with stenosis of the sinus that produces cortical venous, may respond to stenting of the stenotic sinus (see Transvenous Stenting section).

12.6.7.5.    Tentorial dAVF

These  fistulas  have  arterial  feeders  converging  on  a  tentorial  sinus  or  cortical 

vein above or below the tentorium. They are often dangerous lesions that reflux into cortical veins, and may present with hemorrhage.80 They may have numerous arterial feeders, but often the tentorial sinus or dilated cortical vein can be safely and effec-tively occluded by transvenous coil embolization.81,82 Access to the fistula is often via a circuitous pathway. This means one needs a very stable guide catheter in the jugular vein  (at  least  6  French)  and  a  flexible,  braided  microcatheter  that  will  not  kink  as it  negotiates  the  turns,  and  a  variety  of  soft  guidewires  to  get  one  where  required. The  wire  has  to  be  treated  gently,  especially  along  curves,  to  prevent  perforation. The  authors  like  the  Echelon™  10  (ev3,  Irvine,  CA)  and  0.012 in.  J-Tip  Headliner™ (Terumo  Medical,  Somerset,  NJ),  but  different  cases  may  require  different  systems to  facilitate  access.  After  depositing  coils  at  the  fistula  site  via  transvenous  access, transarterial  glue  injection  into  the  coil  mass  may  sometimes  be  required  to  fully occlude the fistula. These dangerous lesions must be treated to completely close the fistula, if possible.

Like other dAVFs, tentorial fistulas may be associated with venous occlusive disease. 

Endovascular treatment of the stenosis by transvenous stenting can be accomplished to reduce intracranial venous hypertension83 (see Transvenous Stenting section).

 

12.6.7.6.  Vein of Galen aneurysmal malformation (VOGM)

These arteriovenous fistulas constitute a complex collection of anomalies of the 

deep venous system with associated arteriovenous shunts. The stereotypical clinical scenario is a newborn or infant with congestive heart failure and failure to thrive, as a consequence of this arteriovenous shunt. Often these lesions have multiple arterial feeders emptying into a dilated, anomalous vein of Galen; there may also be tortuos-ity of the arterial feeders. These and the other technical challenges associated with arterial  access  in  small  newborns  or  infants,  led  to  the  development  of  transvenous embolization  of  these  lesions.  As  a  life-saving  measure  to  treat  the  rapid  arteriov-enous shunting, transtorcular coil embolization of the vein of Galen was developed.84 However this approach requires craniotomy and direct puncture of the venous sinus. Transfemoral  venous  access  to  the  vein  of  Galen  is  less  traumatic  for  the  patient and renders craniotomy unnecessary.85 Transfemoral access to the vein of Galen also permits  retrograde  catheterization  of  larger  arterial  feeders,  allowing  coil  occlusion of  some  of  these  feeders.85  If  transvenous  embolization  in  VOGMs  is  used  without regard for the arterial and venous anatomy, complications may occur. Any lesion with an  associated  arteriovenous  nidus,  as  in  the  Yasargil  type  IV  lesions,  should  never 

 

414                  12.6. Transvenous embolization                                                                       VENOUS PROCEDURES undergo  transvenous  occlusion  of  the  venous  outlet.86  Blind  occlusion  of  the  vein also  impairs  venous  drainage  of  the  brain  when  there  is  drainage  of  the  deep  veins into the vein.87–89 Moreover, placement of a large number of coils in the vein creates a  permanent  mass  that  possibly  compresses  the  cerebral  aqueduct  contributing  to hydrocephalus.  Consequently,  given  currently  available  techniques  for  transarterial embolization  of  the  fistulas  in  VOGM,  transvenous  embolization  is  rarely,  if  ever, required to treat these lesions.

12.6.7.7.    Other intracranial dAVFs

dAVFs  are  rarely  located  at  the  superior  petrosal  sinus,90  inferior  petrosal 

sinus, 91                                 92–94                       95 anterior condylar vein, or jugular bulb. Successful treatment requires a thorough arteriogram and careful evaluation of drainage patterns of the fistula and normal venous drainage in the region. Then, it is only a matter of obtaining a catheter position on the venous side of the fistula for occlusion with coils.

12.6.7.8.    Extracranial head-and-neck AVF

Mandibular AVFs that converge on the inferior alveolar vein can result in prob-

lems of oral bleeding, tooth loss, and bone resorption, but may be effectively treated by transvenous coil embolization of the vein.96–98 Usually some injection of transarte-rial glue may be needed to completely close the fistula, but the procedure can provide complete cure with good restoration of bone in the mandible. The authors have also treated scalp and facial AVMs with direct percutaneous puncture of the venous outlet and injection of n-BCA glue. The venous outlets can be manually compressed during the glue injection to allow controlled retrograde filling of the AVM nidus without caus-ing too much venous embolization.

12.6.7.9.    Spinal AVF

Transvenous embolization of spinal fistulas is extremely rare, due to the usual 

tortuosity of spinal venous structures. A high-flow perimedullary fistula was report-edly  treated  by  direct,  intraoperative  access  to  the  venous  outlet  and  transvenous injection of glue.99 Extradural fistulas may be more accessible to standard endovascu-lar transvenous coil embolization techniques.100

 

12.7.  Venous thrombolysis/thrombectomy

 

12.7.1.     Background

Cerebral venous thrombosis (CVT) is a condition affecting 3–4 per million adults 

and  7  per  million  children.101  It  may  be  in  the  form  of  cortical  venous  thrombosis, venous sinus thrombosis, deep venous thrombosis, jugular venous thrombosis, or vari-ous combinations of the above. CVT produces a spectrum of clinical manifestations, ranging  from  headache,  declining  visual  acuity,  global  decline  in  cognitive  ability, focal  neurological  deficits  including  hemiparesis,  hemianesthesia,  aphasia,  distur-bance of consciousness, coma, and even death. Cortical or dural sinus thrombosis may also  manifest  as  subarachnoid  hemorrhage.102–104  The  widely  variable  manifestation makes CVT a disorder that is often under-recognized and considerable delays in mak-ing the correct diagnosis may occur. A study of 91 patients admitted for CVT showed the median time of hospital admission after symptom onset was 4 days, and only 25% were admitted within the first 24 h. 105 In a study of 624 adult patients with CVT, 4.3% of died acutely and 3.4% within 30 days.106 Factors predicting a higher risk of death included  seizures,  coma,  disturbed  consciousness,  deep  cerebral  venous  thrombosis, right-sided  intraparenchymal  bleed,  posterior  fossa  involvement,  and  progressive focal neurological deficits.106 Patients over 65 years old had a 27% chance of death and 22% chance of dependency compared to 7% death and 2% incapacitation in younger adults.107 108   A  series  of  38  children  with  CVT  had  no  mortality  from  the  condition.

Underlying conditions predisposing to CVT include a hypercoagulable state in 31% of cases.109                                                                           110 Predisposing factors include factor V Leiden mutation, oral contraceptive 

 

VENOUS PROCEDURES                                                 12.7. Venous thrombolysis/thrombectomy                 415 use,110 complicated pregnancy,111 mastoiditis and otitis media,112 central nervous sys-tem infection,106                          106,107                                          113,114 a history of cancer, and postoperative thrombosis.

Just as there are spectrums of clinical findings in CVT, there can also be a spec-

trum of imaging findings, although some general principles may apply to most cases. In  the  acute  phase  of  the  disease,  unenhanced  CT  or  T1  weighted  MR  scans  may show the bright thrombus in the affected venous structure. As the venous thrombosis affects drainage of the brain, generalized brain swelling or focal edema may be present in  a  distribution  that  is  not  typical  for  standard  arterial  territories.  For  instance, sagittal  sinus  thrombosis  affects  parasagittal  cortex  bilaterally,  potentially  span-ning  arterial  territories  of  both  anterior  and  posterior  cerebral  arterial  territories. Involvement of multiple arterial territories is a feature that distinguishes CVT from arterial occlusion. Thrombus within the transverse sinus can affect the temporal and occipital lobes, in both middle and posterior cerebral arterial territories, and even the ipsilateral cerebellar hemisphere, which corresponds to the superior cerebellar artery territory.  Deep  cerebral  venous  thrombus  often  causes  bithalamic  region  edema, which would involve thalamoperforating arteries arising from posterior communicat-ing and proximal posterior cerebral arteries, whereas the remaining portions of the posterior cerebral artery territories are spared.

As the impairment of blood flow progresses to venous infarction, further edema 

and  hemorrhagic  transformation  may  occur.115  Subdural  and  subarachnoid  bleeding may  be  present  as  well.  MR  imaging  is  ideal  for  CVT  screening,  since  it  facilitates visualization  of  the  venous  clot,  the  brain  edema  and  associated  bleeding,  and  MR venography. It can also confirm absence of flow in the veins especially using phase-contrast  technique.  Catheter  angiography  may  demonstrate  sluggish  arteriovenous transit and can depict intraluminal clot or absence of flow in the affected veins. Direct catheter venography also confirms the presence of clot in the venous sinuses, although it is not often helpful for isolated cortical venous thrombosis.

CVT can be effectively treated. Essential measures include isotonic saline hydra-

tion  and  aggressive  management  of  intracranial  hypertension,  since  transtentorial herniation is the most common cause of mortality in the acute phase of the disease.116 Intravenous  heparinization  is  undertaken  with  the  rationale  that,  although  heparin will not remove the clot that is already present, it can prevent further propagation of the thrombus and reocclusion as the natural fibrinolytic processes take place. Einhaupl, and colleagues reported a small randomized, controlled study and a larger retrospective study  that  demonstrated  significantly  better  outcomes  in  CVT  patients  treated  with heparin, even in the presence of intracerebral hemorrhage.117

Endovascular techniques can be used to treat CVT in an attempt to speed the restora-

tion of flow in the involved venous structure, as some patients may not respond to heparin therapy alone. A retrospective study of 79 cases of CVT treated with heparin showed that eight  died  despite  heparinization.118  Microcatheters  placed  via  a  transvenous  approach and positioned in the occluding thrombus can deliver thrombolytic agents directly to the lesion.115,119,120 An animal study of abciximab infusion for dural venous sinus thrombosis indicated  recanalization  rates  comparable  to  tPA  with  a  better  functional  outcome.121 However,  there  is  insufficient  clinical  experience  to  determine  the  role  of  antiplatelet agents  in  this  disease.  Some  have  advocated  transarterial  injections  of  thrombolytic agents for resolving the venous clot for cortical vein thrombosis,122 or deep cerebral venous thrombosis.123 Early reports119 describe prolonged thrombolytic infusions over many hours, but more recently, thrombolysis of the dural sinuses has been facilitated with mechanical clot disruption using curved guidewires, angioplasty balloons,124 microsnares,125 or rheo-lytic  thrombectomy  catheters  like  the  AngioJet®  catheter  (Possis  Medical,  Minneapolis, MN).122,126  No  controlled,  randomized  study  has  compared  endovascular  thrombolysis with  medical  management,  although  several  nonrandomized  comparisons115,127  showed that outcomes after local thrombolytic therapy are at least as good as those after heparin alone. This makes it reasonable to recommend endovascular therapy for those who do not respond to heparin, or who are in the previously mentioned high risk categories – includ-ing patients with seizures, coma, disturbed consciousness, deep cerebral venous thrombo-sis, posterior fossa involvement, and progressive focal neurological deficits.106

 

12.7.2.     Indications for venous thrombolysis/

thrombectomy

1.  Symptomatic CVT unresponsive to medical management (hydration, heparin, 

and ICP management).

2.  CVT patients with contraindications to heparin (recent surgery, trauma, bleed-

ing diathesis, heparin antibodies).
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3.  CVT  patient  at  higher  risk  of  mortality  (seizures,  coma,  disturbed  conscious-

ness,  deep  cerebral  venous  thrombosis,  posterior  fossa  involvement,  and  pro-

gressive focal neurological deficits).

 

12.7.3.  Complications of venous thrombolysis/

thrombectomy

Informed  consent  prior  to  the  procedure  should  include  an  estimate  of  risk  of 

complications.

12.7.3.1.    Neurological complications

1.  Development of, or worsening pre-existing intracerebral edema and/or hemor-

rhage from venous infarction.

2.  Venous perforation by guidewires, stiff catheters, or retrieval devices may pro-

duce intracranial bleeding.

3.  Rethrombosis of a revascularized venous structure may occur.

4.  Good  statistics  on  complications  of  cerebral  venous  revascularization  proce-

dures are lacking, since the series reported are small, and everyone knows that 

the best results tend to get reported.

12.7.3.2.    Non-neurological complications

1.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

2.  Groin  hematomas  can  occur,  especially  if  heparin,  antiplatelet  agents,  and 

thrombolytic agents are administered.

3.  Venous thrombosis can occur anywhere along the pathway of the catheter.

4.  Mechanical clot disruption in the dural venous sinuses and jugular veins may 

result in pulmonary emboli.

 

12.7.4.     Venous thrombolysis/thrombectomy: 

Procedural aspects

12.7.4.1.    Preprocedure evaluation

1.  A brief neurological exam should be done to establish a baseline, should a neu-

rologic change occur during or after the procedure.

2.  Check if the patient has a history of iodinated contrast reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse, which pro-

vides a landmark for femoral venous access.

4.  If jugular access is anticipated, examine the neck. Observe the jugular venous 

pulsation, if visible. Palpate the carotid pulse.

5.  Check  any  history  of  deep  venous  thrombosis  that  may  require  using  special 

sites for venous access.

6.  Blood  tests,  including  a  serum  creatinine  level,  serum  glucose  if  diabetic  and 

coagulation parameters, be reviewed.

7.  Check  if  there  are  contraindications  to  heparin  use,  such  as  a  history  of 

heparin-induced thrombocytopenia.

8.  Check  for  airway  issues,  history  of  previous  general  anesthesia,  or  any  other 

coexisting medical issues that could impact the use of general anesthesia.

12.7.4.2.    Preprocedure orders

1.  NPO for 6 h, if possible, but most of these procedures are emergent. Just make 

the patient NPO as soon as possible.

2.  Most acutely ill patients require a radial arterial line for monitoring.

3.  Place two good peripheral IVs.
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4.  Place Foley catheter.

5.  Most patients will already be intubated and ventilated.

12.7.4.3.    Contrast agents

Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ) are usually used for these procedures.

12.7.4.4.    Venous access sheath

Venous  revascularization  procedures  are  usually  always  undertaken  using  a 

femoral venous sheath, most commonly a 6 or 7 French Shuttle ® sheath (Cook, Inc., Bloomington, IN) which also acts as a guiding catheter. One needs big lumen access to allow for more options, including microcatheters, balloon catheters, rheolytic cath-eters, etc. However, if using ipsilateral retrograde jugular venous access a short, 10 cm 6 or 7 French sheath is to be used.

12.7.4.5.    Anticoagulation

During  the  procedure,  after  access  is  obtained,  administer  approximately  50 

units kg−1 intravenous heparin bolus.

12.7.4.6.    Saline infusion

As with any endovascular procedure, continuous drips of heparinized saline are 

attached to stopcocks on the sheath, guiding catheter, and microcatheter lumen.

12.7.4.7.    Sedation/Anesthesia

Most  commonly,  venous  thrombolysis/thrombectomy  is  performed  with  the 

patient  under  general  anesthesia.  Most  patients  are  already  intubated,  so  at  least deep sedation should be administered as mechanical thrombectomy can be unpleas-ant for the patient.

 

12.7.5.     Suggested wires and catheters 

for venous thrombolysis/thrombectomy

12.7.5.1.    Access wires

● ®  Steerable  hydrophilic  wires  such  as  0.035  or  0.038 in.  angled  Glidewire

(Terumo Medical, Somerset, NJ) can be used to advance a guiding catheter into 

the jugular vein.

●                                                      ™                       ® Softer,  yet  torquable  wires  such  as  the  Headliner  or  Gold-tip  Glidewire

(Terumo  Medical,  Somerset,  NJ)  can  be  helpful  to  navigate  the  sometimes 

pesky valves in the lower internal jugular.

●                     ™             ™ Soft-tip  Transend ,  or  Synchro  (Boston  Scientific,  Natick,  MA)  or  other 

0.014 in. wire is used to advance the microcatheter to the target vessel.

● ™  A  good  wire  for  passing  through  thrombus  is  the  0.012 in.  J-Tip  Headliner

(Terumo Medical, Somerset, NJ) which is less likely to go into a small branch 

and perforate the vessel.

● Often,  extra-support  platinum-tipped,  stainless  steel  coronary  wires  may  be 

required to advance the stiff rheolytic catheter.

12.7.5.2.  Guiding catheters for venous thrombolysis/

thrombectomy

● Guiding catheters used for these procedures should be supportive and have a 

large lumen to allow for a multimodal therapeutic approach.
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●   The  authors  like  to  use  a  90 cm  sheath  (e.g.,  Shuttle  sheath,  Cook,  Inc., ®

Bloomington, IN) which works as well as a guiding catheter.

● An  alternative  approach  includes  standard  6  or  7  French  large-lumen  gauge 

guide  catheters,  such  as  6  French  angle-tip  Envoy®  (Cordis  Neurovascular, 

Miami  Lakes,  FL)  or  6  French  Northstar®  Lumax®  (Cook  Medical,  Inc., 

Bloomington, IN). It must be ensured the internal lumen will accept the outer 

diameter of whatever devices (Microcatheters, balloons, rheolytic catheters) one 

plans to use. The package of the device will usually indicate the recommended 

guide catheter size.

12.7.5.3.    Microcatheters

Large-lumen  microcatheters,  such  as  a  RapidTransit®  (Cordis  Neurovascular, 

Miami  Lakes,  FL),  are  used  for  intracranial  venography  (see Venography  section).  If the  thrombus  is  in  the  superior  sagittal  sinus,  one  of  170 cm  length  will  be  required. Occasionally  a  lower-profile  system  may  be  needed  to  penetrate  firm  thrombus  or navigate beyond underlying stenoses. Microcatheters with a 1.7 French distal tip work well and include the Echelon-10™                   ® (ev3, Irvine, CA), Excelsior SL-10 (Boston Scientific, Natick, MA), or Prowler-10® (Cordis Neurovascular, Miami Lakes, FL).

12.7.5.4.  Balloons for venous thrombolysis/thrombectomy

●   Balloons must be sized smaller than the vessel being treated. As a rule, one can 

start small (say 2–3 mm diameter).

● One  can  use  soft  flexible  balloons  such  as  the  3.5 mm  diameter  Hyperglide

™

(ev3,  Irvine,  CA)  to  disrupt  clot,  but  this  very  soft  balloon  only  works  on  soft 

clot.

● Better  suited  for  these  procedures  are  over-the-wire,  low-compliance  angi-

oplasty balloons which have an internal lumen through which one can infuse 

thrombolytic agents as well as use the balloon to disrupt clot.

● The shaft of the balloon catheter must generally be 150 cm to reach the target 

vessel.  The  over-the-wire  NC  Ranger™  (Boston  Scientific,  Natick,  MA)  or  NC 

Raptor™ (Cordis Endovascular, Miami, FL) can be used for this application.

12.7.5.5.    Rheolytic catheters

● Penumbra Reperfusion catheters (Penumbra, Inc., Alameda, CA) come in 0.041, 

0.032,  and  0.026  in.  lumen  sizes.  Each  has  matching  separator  wires  used  to 

prevent clogging of the catheter by clot. This will require a 6 French, 0.070 in. 

lumen minimum guide catheter.

●   AngioJet  XMI  catheter  (Possis  Medical,  Minneapolis,  MN)  comes  in  both ®      ®

over-the-wire and rapid-exchange versions and the AngioJet®          ™ Spiroflex (Possis 

Medical,  Minneapolis,  MN)  is  a  flexible  rapid-exchange  system.  These  are  4 

French  catheters  that  are  compatible  with  6  French  guide  catheters  and  are 

flexible enough to reach the intracranial dural venous sinuses. The downside 

is that they may only aspirate small volumes of clot in a reasonable period of 

time.  The  company  makes  larger  catheters  for  heavier-duty  clot  aspiration, 

but the larger systems are stiffer and harder to navigate through the sigmoid 

sinus. These rheolytic catheters fragment and aspirate clot with a high-flow jet 

of saline that aspirates the clot using the Bernoulli principle; this requires the 

sterile connection set and pump console made specifically for this system.

 

12.7.6.     Procedures

12.7.6.1.    Venous access

1.  The groin area is prepped bilaterally and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine containing sodium bicarbonate (1 mL per 10 mL of lidocaine) is infil-

trated medial to the pulse, both by raising a wheal and injecting deeply toward 

the vein.

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.
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4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark  red  blood  is  aspirated  from  the  needle  using  a  10 cc  syringe  confirms 

puncture of the femoral vein.

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.

7.  Depending on the size of the catheter being used, a sheath is placed in the right 

(or left) femoral vein.

8.  In patients with CVT, it will not be unexpected if there is also femoral or iliac 

thrombosis, preventing access from that route. The other groin may be tried in 

that case.

9.  If femoral venous access fails, direct jugular access can be tried, taking care not 

to get a neck hematoma, especially when using thrombolytics. Neck hematomas 

can compress the airway if they get too large.

10.  If all else fails, a burr hole may be placed over the dural sinus to be treated with 

a rheolytic catheter,128 but this more invasive technique would limit the options for using heparin and/or thrombolytic agents because of concerns of postopera-

tive bleeding.

12.7.6.2.    Catheter manipulation

1.  Attach  all  catheters  to  rotating  hemostatic  valves  and  attach  a  three-way 

stopcock and continuous infusion of saline containing 10,000 units heparin per 

liter.

2.  Since usually femoral venous access will be used, advance the 90 cm sheath, or 

guide the catheter over a steerable Glidewire® (Terumo Medical, Somerset, NJ) into the desired internal jugular vein.

3.  If the venous structures being treated are more cephalad than the jugular bulb 

or IPS, advance a microcatheter coaxially through the rotating hemostatic valve 

of the guiding catheter.

4.  Warn  conscious  patients  that  the  catheter  manipulation  may  cause  discom-

fort.

5.  Carefully and gently advance the microcatheter over a soft-tip guidewire into 

the venous sinus cephalad one wishes to treat. The authors like to use the J-Tip 

Headliner™  (Terumo  Medical,  Somerset,  NJ)  to  advance  the  microcatheter through the clot in an atraumatic fashion. Try to get as far as possible in the 

thrombus to allow for treatment of the largest volume of clot.

6.  Perform a gentle test injection of 1–2 mL of contrast for a venogram, to confirm 

the presence of thrombus and to ensure that the catheter is in good position.

7.  Cortical veins or deep veins like the internal cerebral veins should be very cau-

tiously catheterized injected with only minute volumes of contrast.

8.  Perform  this  venogram  with  high-quality  DSA  imaging  systems  using  2–4 

frames per second.

12.7.6.3.    Thrombolysis

1.  Draw  up  you  thrombolytic  agent  of  choice  and  fill  specially  marked  3 mL 

syringes  with  the  agent.  The  authors  use  tPA  Activase ®  (Genentech,  South San Francisco, CA) mixed at a dilution of 1 mg mL−1 and injected at a rate of approximately 1 mL min−1.

2.  Slowly  withdraw  the  microcatheter  through  the  thrombus  and  readvance,  to 

lace the clot with the tPA.

3.  Periodically  use  the  soft  guidewire  to  gently  probe  the  clot  to  create  fissures, 

and increase the surface area on which the tPA can act.

4.  A  convenient  technique  is  to  use  a  large-lumen  microcatheter,  such  as  the 

Rapid  Transit®  (Cordis  Neurovascular,  Miami  Lakes,  FL),  and  use  a  0.012 in. J-Tip Headliner™ (Terumo Medical, Somerset, NJ) or other small wire to main-tain wire access and continually probe the clot with the wire, since the tPA can 

be infused through the microcatheter around the wire.

5.  Periodically (say, every 15 min) perform gentle contrast injections through the 

microcatheter to see if the thrombus is breaking up.

6.  After every 10 mg of tPA has been infused, one may want to advance the micro-

catheter to a new area of clot, and lace that region with tPA as well.

7.  As a rule, one would not want to exceed 0.9 mg tPA kg−1 body weight, and gener-

ally it is enough to inject 30–40 mg in the average patient.
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8.  One need not expect, or even try to get complete resolution of thrombus by the 

thrombolytic  agent.  All  that  is  required  is  a  continuous  channel  through  the 

clot, and the tPA and endogenous plasminogen activators will continue to work 

for hours after the procedure.

9.  If, after about 30 min of tPA infusion and gentle guidewire probing, there is no 

significant improvement in flow through the vessel, the addition of balloon or 

rheolytic catheter thrombectomy may be considered to speed the process.

10.  Although many hours of thrombolytic infusion to thoroughly clean out all the 

thrombus have been used in some cases, it is usually good enough to stop after 

achieving some flow through the sinus. This can usually be accomplished in an 

hour or two of treatment.

11.  If,  after  restoration  of  flow  in  the  vein,  an  underlying  stenosis  is  seen,  place-

ment of a self-expanding stent to improve flow may be considered (see Venous 

Stenting section).

12.7.6.4.    Balloon-assisted thrombolysis

1.  This is only advisable in larger dural venous sinuses.

2.  Use  a  soft-tip,  0.014 in.  exchange  wire,  such  as  a  floppy-tip  Transend™,  or 

Synchro™  (Boston  Scientific,  Natick,  MA)  with  a  wire  tip  shaped  in  a  tight 

J-shaped configuration.

3.  Advance  the  wire  as  distal  as  one  can  safely  get  in  the  thrombosed  venous 

sinus.

4.  Exchange the microcatheter for a low-compliance, 2–3 mm diameter angioplasty 

balloon such as an NC Ranger™ (Boston Scientific, Natick, MA) or NC Raptor™

(Cordis Endovascular, Miami, FL).

5.  Alternatively,  one  can  use  a  more  flexible  balloon  catheter  such  as  a 

Hyperglide™ (Micro Therapeutics/ev3, Irvine, CA). More often than not, these 

types of balloons are best advanced primarily from the guide catheter and into 

the clot, without using an exchange wire.

6.  Once the balloon is positioned in the thrombus, slowly inflate under low pres-

sure to create a small channel. Try keeping the balloon positioned centrally in 

the sinus to avoid exerting pressure on the wall.

7.  Keeping  wire  access  in  the  sinus,  slowly  withdraw  the  uninflated  balloon 

and  perform  repeated  inflations  and  deflations  as  the  balloon  is  pulled  back 

through the clot.

8.  When the balloon has reached the end of the clot, either readvance the balloon 

repeating  with  slightly  larger  volume  inflations,  or  exchange  it  for  a  balloon 

with a slightly larger diameter.

9.  Insert  the  balloon  back  into  the  thrombus,  inflating  and  deflating  as  one 

advances a short distance at a time.

10.  The goal is to slowly and gently dilate a channel though the full extent of the 

clot to restore flow.

11.  If using an over-the-wire balloon, one can either periodically remove the wire 

or  use  a  small  0.010 in.  wire  to  allow  further  injections  of  thrombolytic  agent 

through the balloon catheter’s central lumen.

12. If, after restoration of flow in the vein, one sees an underlying stenosis, place-

ment of a self-expanding stent to improve flow may be considered (see Venous 

Stenting section).

12.7.6.5.    Rheolytic catheter use

The main benefit of using a rheolytic catheter is that it physically removes clot 

to quickly restore flow and decrease the likelihood of embolization of clot fragments to  the  lung.  This  technique  works  best  when  used  in  conjunction  with  thrombolytic therapy, since the thrombolytic aids in softening and fragmenting the clot into smaller pieces suitable for aspiration into the rheolytic catheter. However, it can also be used without  attendant  use  of  thrombolytic  drugs  and  provides  a  treatment  option  for patients  who  have  had  recent  trauma,  surgery  or  extensive  intracranial  bleeding, making  the  use  of  thrombolytic  agents  riskier  for  hemorrhagic  problems.  The  rela-tively stiff rheolytic catheters are only suitable for use in larger dural venous sinuses, such  as  the  sigmoid  and  transverse  sinuses  and  the  larger,  posterior  aspect  of  the superior sagittal sinus:

1.  Be sure one has a stable guide catheter position, with a system big enough to 

accept the rheolytic catheter one plans to use.
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2.  After  obtaining  microcatheter  access  to  the  intracranial  venous  sinuses,  one 

should try to advance a 300 cm 0.014 in. exchange wire across the torcula, into 

the contralateral transverse and sigmoid sinus, and, preferably, down the con-

tralateral internal jugular and well down the vena cava into the contralateral 

iliac and femoral veins. This provides very stable wire support.

3.  The  microcatheter  should  be  removed,  leaving  the  0.014 in.  exchange  wire  in 

place.

4.  The rheolytic catheter be prepared according to the manufacturer’s recommen-

dations.  If  using  the  AngioJet®  XMI®  catheter  (Possis  Medical,  Minneapolis, MN), one will need to prepare the Drive Unit and Pump Set, according to the 

recommended set up procedures to the letter. No steps should be skipped as the 

system will not then work properly.

5.  The rheolytic catheter may be advanced over the exchange wire.

6.  If resistance is encountered, the guidewire should be gently pulled back, either 

by rotating the wire, or rapidly pushing forward and pulling back on the cath-

eter a few millimeters at a time to reduce friction.

7.  The guide catheter should be tracked. If it pushes back and buckles in the right 

atrium, it can cause arrhythmias.

8.  If guide catheter stability is a problem, using a larger, stiffer system, or “Tower 

of Power,” consisting of a 100 cm guide catheter within a 90 cm sheath may be 

considered.

9.  Another option is to advance a relatively flexible guide catheter, like a 6 French 

Neuron™ 070 Guide catheter (Penumbra, Inc., Alameda, CA) into the sigmoid sinus as distal as possible to bypass the curves in this region.

10.  If  guidewire  stability  is  the  problem,  use  of  a  stiffer,  coronary  exchange  wire 

system may be considered.

11.  Once the rheolytic catheter is reached to the thrombosed sinus, one should try 

to advance it through the clot as distal as possible.

12. The  stopcocks  be  opened  and  the  suction  pump  operated  according  to  manu-

facture’s  directions.  A  pass  may  be  made  through  the  clot  while  aspirating, 

keeping wire access in place.

13. The catheter may be readvanced into the clot, and the aspiration repeated as 

necessary, until flow is restored.

14.  If  aspiration  is  not  possible,  the  catheter  may  be  clogged  and  will  have  to  be 

removed and replaced.

15. If only pure blood appears to be aspirating, a channel in the clot may already 

have  already  created.  One  may  consider  repositioning  the  wire  in  a  different 

part of the clot, or attempt to get a larger catheter system in place to increase 

the size of the patent channel.

16.  No attempt be made to remove every bit of thrombus as too much blood is likely 

to be aspirated in the process.

17.  Once again, if, after restoration of flow in the vein, one sees an underlying ste-

nosis, one may want to consider placement of a self-expanding stent to improve 

flow (see Venous Stenting section).

12.7.6.6.    Puncture site care

Once  the  venous  procedure  is  completed,  the  catheters  are  removed.  If  throm-

bolytic  agents  have  been  used,  one  can  leave  a  short  sheath  in  place  at  the  access site,  usually,  until  the  following  morning.  The  sheaths  can  then  be  removed  and hemostasis should be obtained by manual pressure. Closure devices are generally not necessary for venous punctures. The authors apply a Syvek hemostatic patch (Marine Polymer Technologies, Danvers, MA) and keep the patient in bed for 2 h for 6 French sheath sizes.

After the procedure, patients will require close monitoring and intensive medical 

management.  Intracranial  pressure  must  be  monitored  and  controlled.  In  extreme cases,  this  may  require  decompressive  craniectomy  and/or  barbiturate  coma  induc-tion.115 Periodic imaging studies should be done to confirm resolution of edema, and to scan for hemorrhagic transformation or rethrombosis of the venous structures. If possible,  the  patient  should  be  continued  on  heparin  and  later  placed  on  warfarin therapy to prevent rethrombosis. Consider adding an antiplatelet agent such as aspi-rin or clopidogrel, especially if a stent was placed. Long-term anticoagulation may be required, since recurrent CVT or other venous thrombosis may occur after 3–6 months in 5.5–26% of these patients.129
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12.8.1.     Background

As in the case of arterial stenosis, venous stenosis can be effectively treated with 

endovascular  therapy.  Unlike  some  arterial  lesions,  however,  venous  sinus  stenosis rarely responds to balloon angioplasty alone, due to the elastic recoil of the walls of the sinus and the lack of adequate high pressure in the vessel to maintain patency. Therefore  stent  placement  is  required  to  ensure  continued  patency  of  the  vessel. Another peculiarity of dural sinus stenosis is that the target vessel normal diameter is generally fairly large, requiring a stiff delivery system; yet the jugular bulb and sig-moid sinuses may be sharply angulated, making it advantageous to have a more flex-ible  delivery  system.  The  challenges  of  performing  endovascular  stenting  of  venous sinuses arise from this dilemma.

Endovascular treatment of venous stenosis is an emerging field with only a few 

isolated  case  reports  or  very  small  series.  Stenting  has  commonly  been  reported used  in  the  treatment  of  benign  intracranial  hypertension,  or  pseudotumor  cerebri, caused  by  dural  sinus  stenosis.130–136  Pseudotumor  is  a  potentially  disabling  condi-tion classically seen in obese females in the reproductive years, producing headache, papilledema,  cognitive  decline  and  potentially  permanent  vision  loss  if  the  high CSF  pressure  is  not  relieved.  Traditional  therapy  includes  medical  therapy  with analgesics, corticosteroids, acetazolamide, cerebrospinal fluid diversion with periodic lumbar puncture or ventriculoperitoneal shunting, and optic nerve sheath decompres-sion to relieve pressure on the nerve. 137 Given the role of dural venous sinuses in the removal of cerebrospinal fluid from the intracranial compartment, and the observa-tion of elevated venous pressures on intracranial venography in 10 out of 10 patients with pseudotumor, Karahalios and coworkers proposed that venous hypertension may be  the  final  common  pathway  for  production  of  elevated  CSF  pressure. 138  It  may  be premature  to  implicate  venous  hypertension  universally  as  the  cause  of  high  CSF pressure in pseudotumor cerebri, as in some cases, it may be the intracranial hyper-tension  that  causes  the  venous  hypertension,  not  the  other  way  around. 139  Venous stenting in the setting of 12 patients with pseudotumor resulted in complete resolu-tion of symptoms in 5, significant improvement in 2, and no change in 5. 134 Thus, cor-rection of venous stenosis improves symptoms more often than not, and may provide a minimally invasive treatment for a potentially disabling condition.

Venous stenosis may also contribute to intracranial venous hypertension in the 

setting of a dAVF. It is also thought that underlying venous occlusive disease may be instrumental  in  the  development  of  dural  fistulas,  suggesting  that  treatment  of  the stenosis may take care of both the symptomatic venous hypertension and the under-lying  cause  of  the  disorder.  Stenting  can  improve  symptoms  of  intracranial  venous hypertension, especially when performed with some transarterial embolization of the arterial feeders supplying the fistula. 83,140 Three out of four cases of transverse or sig-moid sinus dural AVFs were completely cured by stenting after partial transarterial embolization, and some even without adjunctive embolization. 77

Patients  with  pulsatile  tinnitus,  whose  symptoms  abate  with  external  jugular 

compression or with venous test occlusion may have a venous etiology for the audible sound.  If  the  tinnitus  is  caused  by  a  stenosis,  stenting  the  lesion  may  reduce  the turbulence  and  relieve  the  symptoms.  The  authors  have  successfully  treated  such  a patient, with long-term relief of the tinnitus. Similarly, some patients with a sigmoid diverticulum, or “aneurysm” may be successfully treated by stent placement with, or without  associated  coiling  of  the  aneurysmal  area.141,142  Preservation  of  flow  in  the stenotic  or  aneurismal  sinus  is  a  far  more  elegant  and  physiological  solution  than either endovascular occlusion of the sinus or surgical ligation of the jugular vein.

 

12.8.2.     Indications for venous stenting

1.  Symptoms of intracranial venous hypertension due to venous stenosis.

2.  Venous stenosis-producing intracranial hypertension in the setting of dAVFs.

3.  Pulsatile tinnitus caused by venous stenosis, varix or jugular diverticulum.
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Informed consent prior to the procedure should include an estimate of the risk 

of complications.

 

12.8.3.1.    Neurological complications

1.  Transient headaches are common. It is likely related to the continual stretching 

of  the  dural  walls  of  the  sinus  by  the  self-expanding  stent,  and  may  last 

1–3 weeks.

2.  There is a risk of acute or delayed thrombosis of the venous structures catheter-

ized, with resultant venous infarction.

3.  Oversized  stent  placement  or  aggressive  balloon  angioplasty  in  intracranial 

vessels  can  rupture  venous  structures,  potentially  producing  epidural,  sub-

dural, subarachnoid or intracerebral bleeding.

4.  In-stent  stenosis,  due  to  neointimal  hyperplasia,  with  recurrent  symptoms  of 

venous hypertension.143

5.  Statistics on complications of venous stenting are lacking, as it is a rarely per-

formed procedure.

 

12.8.3.2.    Non-neurological complications

1.  As  mentioned  above,  there  is  a  risk  of  a  profound  vagal  response  to  balloon 

inflation in the jugular vein or sigmoid sinus, potentially producing bradycar-

dia, hypotension, and even cardiac arrest. A self-expanding stent placed in the 

same region may produce a similar response.

2.  Anaphylactic reactions to iodinated contrast or any of the medications used can 

occur as with any endovascular procedure.

3.  Groin hematomas can occur, but are less common and less severe compared to 

arterial punctures.

4.  Deep vein thrombosis, pulmonary emboli, and other thrombotic events may occur.

 

12.8.4.     Venous stenting: Procedural aspects

12.8.4.1.    Preprocedure evaluation

1.  A brief neurological exam should be done to establish a baseline, should a neu-

rologic change occur during or after the procedure.

2.  The patient should be asked if he or she has had a history of iodinated contrast 

reactions.

3.  The groins should be examined. Feel for the femoral arterial pulse, which pro-

vides a landmark for femoral venous access.

4.  If  jugular  access  is  anticipated,  the  neck  should  be  examined.  The  jugular 

venous pulsation is to be observed, if visible. Palpate the carotid pulse.

5.  Ask the patient about any history of deep venous thrombosis that may require 

using special sites for venous access.

6.  Blood  tests,  including  serum  creatinine  level,  serum  glucose,  if  diabetic,  and 

coagulation parameters, should be reviewed.

7.  Check for airway issues, history of previous general anesthesia, and any other 

coexisting medical issues that could impact the use of general anesthesia.

12.8.4.2.    Preprocedure orders

1.  NPO for 6 h, except for medications.

2.  Patients on insulin for hyperglycemia should get half their normal dose prior to 

the procedure.

3.  Place a peripheral IV.

4.  Place Foley catheter.

5.  Consider  pretreatment  with  0.3–0.5 mg  Atropine  if  planning  stenting  in  the 

jugular vein or sigmoid sinus.
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Standard  nonionic  contrast  agents  like  Iohexol  (Omnipaque®,  GE  Healthcare, 

Princeton, NJ) are usually used for these procedures.

12.8.4.4.    Venous access sheath

Venous stenting procedures are usually done using a femoral venous sheath, most 

commonly a 6 or 7 French Shuttle® sheath (Cook, Inc., Bloomington, IN) which also acts  as  a  guiding  catheter.  However,  to  improve  access  to  the  intracranial  sinuses, use of ipsilateral retrograde jugular venous access may be considered. In that case, a short, 10 cm 6 or 7 French sheath for jugular access may be used.

12.8.4.5.    Anticoagulation

One should pretreat any patient undergoing stenting with at least 3 days of a 

daily  dose  of  75 mg.  clopidogrel  to  limit  any  cascade  of  platelet  aggregation  insti-gated  by  stent  placement.  Aspirin  325 mg  daily  can  be  used  as  an  alternative,  or can  be  used  in  addition  to  clopidogrel.  There  is  little  evidence  supporting  any  one particular antiplatelet regimen. However, given the experience with antiplatelet use in arterial stenting, it is reasonable to advocate some antiplatelet therapy whenever stents are placed.

During  the  procedure,  after  access  is  obtained,  administer  50–70  units  kg−1

intravenous heparin bolus and hourly boluses as needed to keep the activated clotting times at least double the baseline value.

12.8.4.6.    Saline infusion

As with any endovascular procedure, continuous drips of heparinized saline are 

attached to stopcocks on the sheath, guiding catheter, and microcatheter lumen.

12.8.4.7.    Sedation/Anesthesia

Most  commonly,  venous  stenting  is  performed  with  the  patient  under  general 

anesthesia.  The  authors  can  vouch  that  catheterization  much  above  the  skull  base can often produce significant discomfort, so the more reasonable thing to do is to use general anesthesia.

 

12.8.5.     Suggested wires and catheters 

for venous stenting

12.8.5.1.    Access wires

● ®  Steerable  hydrophilic  wires  such  as  0.035  or  0.038 in.  angled  Glidewire

(Terumo Medical, Somerset, NJ) can be used to advance a guiding catheter into 

the jugular vein.

●   Softer,  yet  torquable  wires  such  as  the  Headliner  or  Gold-tip  Glidewire ™ ®

(Terumo  Medical,  Somerset,  NJ)  can  be  helpful  for  navigating  the  sometimes 

pesky valves in the lower internal jugular.

●                    ™            ™ Soft-tip Transend , or Synchro (Boston Scientific, Natick, MA) or other 0.014 in. 

wire is used to advance the stent delivery catheter to the target vessel.

● Often,  extra-support  platinum-tipped,  stainless  steel  coronary  wires  may  be 

required to advance the stiff stent delivery catheter.

12.8.5.2.    Venography catheters

Large-lumen  microcatheters,  such  as  a  RapidTransit®  (Cordis  Neurovascular, 

Miami Lakes, FL), are used for intracranial venography prior to stent placement, and to allow wire access across the stenosis.

 

VENOUS PROCEDURES                                                             12.8. Transvenous stenting                 425 12.8.5.3.    Stents for venous stenting

● Self-expanding stents allow for slow, atraumatic expansion of the stenosis.

● Nitinol  (as  opposed  to  stainless  steel)  stents  cause  limited  artifact  on  MRI, 

allowing for follow-up brain imaging.

● The  stent  should  be  sized  to  cover  the  area  of  stenosis  and  have  a  diam-

eter  1–2 mm  larger  than  the  normal  vessel  on  either  side  of  the  stenosis. 

Intracranial sinuses generally measure between 5 and 8 mm in diameter.

● Over-the-wire  stent  delivery  catheters  may  require  exchange-length  (300 cm) 

guidewires,  which  can  be  awkward,  but  sometimes  they  may  advance  easier 

through  a  tight  curve  or  stenosis  compared  with  the  more  convenient  rapid-

exchange version of the stent.

●          ® Precise  Stents  (Cordis/Johnson  and  Johnson,  Piscataway,  NJ)  come  in  sizes 

from 5 to 10 mm diameter and have a relatively flexible delivery system. They 

can also accept up to a 0.018 in. guidewire for added support.

●   The Acculink stent (Guidant, Santa Clara, CA) also comes in a variety of sizes ™

and has a very smooth, tapered distal tip which crosses stenoses easily, but the 

delivery catheter is a bit stiff, making it tricky to negotiate tight curves.

● Balloon-expandable stents are generally not recommended for venous stenting, 

since rapid balloon dilatation carries risk of rupturing the vessel.

 

12.8.6.     Procedures

12.8.6.1.    Femoral access

1.  The groin area is prepped bilaterally and draped.

2.  The femoral pulse is palpated at the inguinal crease, and local anesthesia (2% 

lidocaine containing sodium bicarbonate (1 mL per 10 mL of lidocaine) is infil-

trated medial to the pulse, both by raising a wheal and injecting deeply toward 

the vein.

3.  5 mm incision is made parallel to the inguinal crease with an 11-blade scalpel.

4.  An 18 gauge Potts needle is advanced with the bevel facing upward. The needle 

is advanced at a 45° angle to the skin.

5.  Dark red blood aspirated from the needle using a 10 cc syringe confirms punc-

ture of the femoral vein.

6.  A 0.038 in. J-wire is advanced under fluoroscopic visualization into the inferior 

vena cava.

7.  Using successive dilators, dilate up to one French-size greater than the nomi-

nal sheath size being used.

8.  Depending on the size and type of stent being used, a sheath is placed in the 

right  (or  left)  femoral  vein.  Usually  a  6  or  7  French,  90 cm  Shuttle®  sheath (Cook, Inc., Bloomington, IN).

9.  Advance the 90 cm sheath into the dominant jugular vein draining the venous 

structure to be stented.

10.  Alternatively,  the  jugular  vein  can  be  used  to  access  to  the  ipsilateral  dural 

venous sinuses. Retrograde jugular puncture is performed using a small vessel 

access system.

11.  When the needle is in the vein, advance the 0.018 in. platinum-tip wire of the 

access  kit  carefully  up  the  jugular  vein,  remove  the  needle,  and  insert  the 

coaxial dilator.

12. Gently  advance  a  0.038  J-tip  wire  or  Glidewire®  (Terumo  Medical,  Somerset, 

NJ) retrograde into the jugular vein, and as high as one can easily get, to pro-

vide added support.

13. One may have to dilate the tract with a 5.5–7 French dilator. Be sure not to lose 

wire access, but also ensure the wire does not traumatize the venous structure 

it is in.

14.  Advance a 10 cm 6, or 7 French sheath up to the upper jugular vein.

12.8.6.2.    Intracranial access

1.  Through  the  venous  sheath  in  the  jugular,  advance  the  desired  large-lumen 

microcatheter, such as the RapidTransit® (Cordis Neurovascular, Miami Lakes, FL)  over  a  wire,  such  as  the  0.012 in.  J-Tip  Headliner™  (Terumo  Medical, 
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Somerset,  NJ)  or  the  0.014 in.  Soft-tip  Transend™  (Boston  Scientific,  Natick, 

MA)  gently  through  the  jugular  into  the  intracranial  venous  sinuses  and 

advance the catheter across the stenosis to be stented.

2.  One may need to periodically remove the guidewire and inject contrast through 

the  microcatheter  to  obtain  roadmap  images  to  see  where  you  are  going. 

Alternatively, one can use an angiographic catheter pace in the arterial system 

to inject contrast in the arterial territory feeding the desired venous sinus for 

roadmap imaging.

3.  Place  the  microcatheter  across  the  lesion,  and,  if  not  already  done,  perform 

venography  to  confirm  the  presence  of  a  stenosis,  and  do  pressure  measure-

ments  to  confirm  that  it  is  hemodynamically  significant  (produces  at  least 

10 mm mercury gradient).

4.  Once the stenosis is localized, characterized and measured, select a stent that 

will  cover  the  lesion  sufficiently  in  length,  and  that  has  a  nominal  diameter 

1–2 mm greater than the normal vessel proximal and distal to the lesion.

5.  Using the microcatheter, advance a 0.014 in., 300 cm wire, such as a Transend™, 

or  Synchro™  (Boston  Scientific,  Natick,  MA),  or  consider  a  high-support  coro-

nary wire.

6.  If possible, advance the wire as far as possible beyond the stenosis. If the lesion 

to be stented is in the transverse or sigmoid sinuses, try to advance the wire 

across the torcular Herophili, into the contralateral transverse sinus, sigmoid 

sinus, jugular vein, and even well caudal to that if one can. This will require as 

much wire support as one can get.

7.  If  the  stenosis  is  in  the  superior  sagittal  or  straight  sinus,  choices  for  wire 

access are more limited. It has to be ensured the tip of the wire is in a reason-

ably large and straight vein and not against the wall of the vein, to limit the 

risk of wire perforation.

8.  Once the wire is appropriately positioned, one needs to remove the microcath-

eter, being careful to leave the exchange-length wire in position.

 

12.8.6.3.    Stent placement

1.  If,  and  only  if,  the  stenosis  measures  less  than  the  crossing  diameter  of  the 

stent delivery system, one may have to predilate with a small, low-compliance 

angioplasty balloon. Usually a 3–4 mm balloon, very slowly inflated under low 

pressure will dilate the lesion enough to get the stent in place.

2.  After  preparing  the  stent  by  thoroughly  flushing  all  lumens  according  to  the 

manufacture’s instructions, attach a rotating hemostatic valve and continuous 

heparinized saline drip to the lumen of the stent delivery catheter.

3.  Advance the stent over the wire and position it across the stenosis.

4.  Stent advancement may not be as easy as it sounds, and considerable tortuosity 

in the sigmoid may produce resistance to advancement.

5.  Tips for getting the stent delivery catheter to advance beyond areas of resist-

ance caused by tortuosity or stenosis include the following:

●   Rotating the wire as the stent is advanced. ● Advancing  the  stent  using  rapid,  jerky  forward  movements  alternating 

with slight backward movements.

● Trying  to  turn  the  patient’s  head  away  from  or  toward  the  side  of  the 

lesion.

● Trying a stiffer wire, such as a 0.014 in. stainless steel coronary support 

wire or a 0.018 in. wire, if the system will accept a wire that size.

● Trying  to  advance  the  guiding  sheath  over  a  soft  catheter  up  into  the 

sigmoid to bypass the first curve.

● If one is using femoral venous access, switching to jugular venous access 

may be considered for greater pushability.

6.  Position the stent across the stenosis. If unsure that the stent is appropriately 

positioned by using bony landmarks or roadmap images, it may be necessary to 

perform an arterial injection for a roadmap, or, if one is using an over-the-wire 

stent delivery system, the wire can be removed from the catheter and contrast 

injected through the central lumen of the stent delivery catheter to opacify the 

vein for a good roadmap. One must not forget to reinsert the wire before deploy-

ing the stent to ensure proper stent deployment.

7.  According  to  the  manufacturers  directions,  deploy  the  self-expanding  stent 

across the stenosis.

8.  Remove the stent delivery system, leaving the wire in place.
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9.  If, and only if, there is still severe stenosis and the stent does not look like it will 

open the vessel, a gentle postdilation may be performed with a low-compliance 

balloon  shorter  than  the  stent  and  undersized  20%  less  than  the  size  of  the 

normal vessel diameter within the lesion.

10.  Otherwise, advance the large-lumen microcatheter through the stent and into 

the vessel beyond it.

11.  Perform venograms and pressure measurements to see the results of the stent 

placement and check for any residual pressure gradient across the stent.

12. If appropriately sized, one can usually expect gradual expansion of the stent, 

and one does not have to worry about even moderate residual stenosis.

 

12.8.6.4.    Postprocedure Care

Once  the  procedure  is  completed,  all  catheters  are  removed  and  hemostasis 

obtained,  as  discussed  in  the  general  comments  above.  Daily  antiplatelet  therapy, usually consisting of clopidogrel and aspirin is to be continued for 90 days, followed by long-term aspirin. The authors obtain a follow-up MR venogram in 3–6 months, then annually, or as needed if symptoms do not resolve.
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An aneurysm is an abnormal dilatation of an artery. In layman’s terms, an aneu-

rysm can be thought of as a weak spot in the wall of an artery, similar to a garden hose that has been filed down on one side; water under pressure inside the hose will make  the  weak  spot  bulge  out.  Intracranial  aneurysms  can  be  broadly  classified  as saccular, fusiform, or dissecting.

 

13.1.  Intracranial aneurysms: Pathophysiology

 

13.1.1.     Pathology of intracranial aneurysms

An  aneurysm  is,  by  definition,  an  arterial  structure.  Most  saccular  aneurysms 

share a common morphology.1-3

1.  Mechanism  of  formation.  Intracranial  aneurysms  appear  to  result  from  a 

complex  series  of  factors  including  hemodynamic  stress,  sustained  abnormal 

vascular remodeling, and inflammation.4,5

2.  Saccular aneurysms are typically found at arterial branch points, where there 

is a gap in the media, although a significant percentage of aneurysms are not 

clearly associated with a branching vessel.

3.  Gross anatomy:

(a)  Unruptured aneurysms may appear uniformly pink, like adjacent arter-

ies, or they may have red areas, representing nearly translucent regions 

of the aneurysm dome, through which blood can be seen. Aneurysms may 

also have thick, atheromatous areas as well.

(b)  Ruptured  aneurysms.  Aneurysms  typically  rupture  at  the  apex  of  the 

dome; a dense fibrin cap is usually found in this region during surgery.

(c)  Morphological features:

●   Multiple  lobes.  Some  9%  of  unruptured  aneurysms  and  40%  of 

ruptured aneurysms are multilobular.6

●   Daughter  sac.  A  daughter  sac  was  found  in  57%  of  ruptured 

aneurysms  and  16%  of  unruptured  aneurysms.7  Also  sometimes referred to as “Murphy’s tit.”

(d)  Site  distribution  (unruptured  aneurysms  in  patients  with  no  prior  his-

tory of SAH). 8

●      Cavernous carotid artery, 16.9%. ●      ICA, 24.8%. ●      Anterior communicating or ACA, 10.0%. ●      MCA, 22.7%. ●      Posterior communicating artery, 13.9%. ●      Vertebrobasilar or PCA, 6.6%. ●      Basilar artery apex, 5.1%.

(e)  Single vs. multiple aneurysms:

●      Two or more aneurysms are found in 15–30% of patients.9-13

●                                                                                                         10-14 Risk factors for multiple aneurysms include female sex,  cigarette 

smoking,10,11  hypertension,11  a  family  history  of  cerebrovascular disease, 11                                       11 and postmenopausal state.

4.  Histopathology (Fig. 13.1):

(a)  At the edge of the aneurysm neck, there is an abrupt termination of the 

tunica media and internal elastic lamina.

(b)  The  aneurysm  sac  is  mostly  composed  of  collagenous  tissue  and  is  fre-

quently acellular:

●   However, fibrin staining is present on the luminal side of the aneu-

rysm wall in 50% of cases, and the aneurysm wall contains numerous 
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Fig. 13.1 Microscopic anatomy of an intracranial aneurysm. The internal elastic lamina 

 

is absent in the wall of the aneurysm, and the media is present but abnormal, being thin 

and discontinuous throughout the aneurysm dome. a adventitia, m media, i intima, eel

external elastic lamina, iel internal elastic lamina.

 

polymorphonuclear leukocytes in 29% of cases; these findings may be 

a sign of “impending rupture” of the aneurysm. 7

●                                                                                      15 Other “signs of impending rupture” include.

–  Unusually thin areas in the wall.

–  Daughter sacs.

–  Patchy fibrin infiltration.

–  Intraluminal thrombus.

–  Inflammatory cells in the aneurysm wall.

–  Blood  pigment  containing  macrophages  and  erythrocytes  in 

the wall.

 

13.1.2.     The Peculiar Infundibulum

An  infundibulum  is  a  conical  dilatation  at  the  origin  of  an  artery  (see  Chap. 

1).  Infundibula  are  benign  incidental  findings.  A  small  number  of  cases  in  which  a P-comm  infundibulum  progressed  to  aneurysm  formation  and  rupture  have  been reported. A total of 11 reports were analyzed by Marshman and colleagues in 1998. 16 In this review, there was a preponderance of women (female-to-male ratio, 9:1), left-sided lesions (left-to-right ratio, 9:2), and bilateral infundibula (60%).

 

13.2.      Unruptured intracranial aneurysms

 

13.2.1.     Prevalence

Data  on  the  prevalence  of  intracranial  aneurysms  in  the  general  population 

comes from autopsy series and angiography series:

1.  A  systematic  review  of  recent  series  (both  autopsy  and  angiography  studies) 

found  that  the  prevalence  of  aneurysms  for  adults  without  SAH  is  approxi-

mately 2%:17

(a)  Sex  distribution.  The  male/female  ratio  for  aneurysms  is  approxi-

mately 1:1.3.
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(b)  Age distribution. The prevalence of aneurysms increases with age, peak-

ing in the 60–79 year age group.17

 

13.2.2.  Conditions associated with aneurysms

 

13.2.2.1.    Familial aneurysms

1.  Definition of “familial aneurysms”: When ≥ 18,19  2 first-degree relatives are affected.

2.  Aside from autosomal dominant polycystic kidney disease (ADPKD), a familial 

predisposition  is  the  strongest  risk  factor  for  the  development  of  intracranial 

aneurysms.17

3.  Prevalence.  Estimates  of  the  frequency  of  familial  intracranial  aneurysms 

range from 7 to 20%. 19-22

(a)  Inheritance patterns and features:

●   In most pedigrees, the inheritance pattern is unclear, although auto-

somal dominant transmission is thought to be the most likely.23,24

●   Familial  aneurysms  have  a  predilection  for  the  middle  cerebral 

artery.24

●   Familial aneurysms are generally larger at the time of rupture and 

more likely to be multiple than sporadic aneurysms.25

●   Subarachnoid hemorrhage tends to occur at a significantly younger 

age in patients with familial aneurysms compared to patients with 

sporadic aneurysms. 24

●   Patients  with  familial  SAH  have  a  greater  risk  of  poor  outcome 

than patients with sporadic SAH.26

4.  A wide array of genes and chromosomal regions have been linked to intracra-

nial aneurysms, of both sporadic and familial nature.27-29

5.  Screening in patients with familial intracranial aneurysms:

(a)  Controversial.  A  theoretical  model  concluded  that  routine  screening 

is  not  advantageous,  even  in  individuals  with  a  history  of ≥2  affected first-degree  relatives  with  SAH. 30  The  American  Heart  Association Recommendations  for  the  Management  of  Patients  with  Unruptured 

Intracranial  Aneurysms  suggests  that  screening  in  patients  at  risk  of familial intracranial aneurysms be done on an individual basis. 30

(b)  In  most  situations,  the  authors  of  this  handbook  prefer  to  use  nonin-

vasive  imaging  to  screen  patients  with ≥2  first-degree  relatives  with aneurysms:

●   This  strategy  will  identify  an  aneurysm  in  8–10%  of 

individuals.19,31-33

6.  The Familial Intracranial Aneurysm Study 34 (Table 13.1):

(a)  Ongoing,  international,  multicenter  study  of  families  with  a  history  of 

intracranial aneurysms.

(b)  Families with at least two affected siblings are eligible.

(c)  The study Web site is http://www.fiastudy.org and the toll free number 

800-503-3427.

 

Table 13.1 Yield of screening for asymptomatic intracranial aneurysms

Risk of having an 

Population intracranial aneurysm (%)

General population                                            2

First-degree relatives in families with one affected member      2–4

First-degree relatives in families ≥2 affected members          10

Source: 35
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AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE

1.  Most common life-threatening hereditary disease,36 affecting 1 in 500 individu-

als in the United States and Europe:

(a)  Expression is variable but penetrance reaches 100% by age 80.

(b)  Two genes have been identified. Both are strongly expressed in vascular 

smooth muscle cells of normal adult arteries:

●      PKD1 is responsible for ~85% of ADPKD cases. It encodes polycys-

tin 1, a membrane protein that mediates cell–cell and cell–matrix 

interactions.37

●      PKD2,  responsible  for  most  of  the  remaining  cases  of  ADPKD, 

encodes  polycistin  2,  a  membrane  protein  with  homology  to  volt-

age-activated  calcium  channels,  and  is  believed  to  interact  with 

polycystin 1. 38

●   Polycystins are involved in the functional interaction between arte-

rial smooth muscle cells and adjacent elastic tissue or endothelial 

cells.  Mutations  in  the  genes  for  these  proteins  may  disrupt  this 

interaction and weaken the vessel wall.39

(c)  ADPKD is a systemic disease:

●   Cysts develop in the kidneys, liver, pancreas, spleen, ovaries, and 

seminal vesicles.

●                                                       40 Systemic  manifestations:   Hypertension  (in  80%  of  patients), 

end-stage  renal  disease  (in  45%  of  patients  by  age  60),  and 

hepatic  cysts  (in  60%  of  adults).  Other  commonly  associated 

conditions are pancreatic cysts, mitral valve prolapse and colonic 

diverticula.

●      Neurological manifestations:

–  Hypertensive intracerebral hemorrhage.

–  Ischemic stroke:

(a)  Hemorrhagic  and  ischemic  stroke  are  the  most  com-

mon  acute  neurological  events  affecting  patients  with 

ADPKD.41

–  Intracranial aneurysms.

–  Cervicocephalic arterial dissections. 42 –  Intracranial dolichoectasia.43 –  Intracranial arachnoid cysts. 44 –  Spinal meningeal diverticula.45 –  Chronic subdural hematomas.46

2.  ADPKD and intracranial aneurysms:

(a)  Estimates of the prevalence of intracranial aneurysms in patients with 

ADPKD: range from 4.0 to 40%:47-49

●   Conversely, patients with ADPKD represent only a small fraction 

of patients with intracranial aneurysms.19

(b)  The incidence of SAH in patients with ADPKD is estimated at approxi-

mately 1/2,000 person-years,50 or about five times higher than the gen-eral population.51 However, a population-based study of the specific risk of  SAH  in  patients  with  ADPKD  and  an  unruptured  aneurysm  has  not 

yet been published.

(c)  The risk of having an intracranial aneurysm in a patient with ADPKD 

is strongly related to whether the patient has a family history of intrac-

ranial aneurysms or SAH:

●   In three large prospective series, an intracranial aneurysm was found 

in 15.6% of patients with a family history of aneurysms vs. 5.9% of 

patients without a family history of aneurysms.47,48,52,53

(d)  The  average  age  of  patients  with  ADPKD  and  SAH  is  41,  and  10%  of 

patients are <21 years old. 54

(e)  Patients  with  ADPKD  and  an  aneurysm  are  prone  to  developing  addi-

tional  aneurysms.  In  an  average  follow-up  period  of  15.2  years,  25%  of 

patients with known intracranial aneurysms were found to have at least 

one additional aneurysm:55

●   Conversely,  patients  with  ADPKD  and  no  evidence  of  an  intrac-

ranial  aneurysm  on  radiographic  imaging  are  unlikely  to  develop 
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an  aneurysm.  At  an  average  follow-up  of  9.8  years,  only  2.6%  of 

patients were found to have an aneurysm on imaging.56

3.  Screening for intracranial aneurysms in patients with ADPKD.57

(a) Routine screening is appropriate for:

●      Patients with a family history of aneurysms or SAH or, ●   Patients with a known aneurysm or a history of aneurysms or SAH.

(b)  Noninvasive imaging (i.e., CTA or MRA) is adequate for screening. The 

authors  prefer  annual  or  biannual  imaging  for  patients  with  ADPKD 

who are at risk.

(c)  Patients without a family or personal history of aneurysms are not rou-

tinely screened.

 

EHLERS–DANLOS SYNDROME (EDS) TYPE IV

1.  Hereditary  connective  tissue  disorder  characterized  by  joint  hypermobility, 

hyperelastic  or  fragile  skin,  easy  bruising,  and  abnormal  scarring.  Ten  sub-

types have been described.

2.  EDS Type IV, also known as vascular EDS, accounts for only 4% of EDS cases 

but is the most severe:

(a)  Prevalence: 1 in 50,000 to 100,000 persons.57 (b)  Characterized by a decrease or absence of type III collagen.

(c)  Autosomal dominant.

(d)  Median survival is 48 years. 58 (e)  Vascular manifestations of EDS consist of spontaneous dissection, aneu-

rysm  formation,  and  rupture  of  large  and  medium  arteries.  Arterial 

rupture accounts for most deaths.

(f)  The  most  common  neurovascular  complication  is  spontaneous  carotid-

cavernous  fistula,  followed  by  ruptured  intracranial  aneurysms  and 

spontaneous intracerebral hemorrhage, and carotid dissection:59,60

●   All  vascular  procedures  in  patients  with  EDS  Type  IV,  including 

angiography, endovascular procedures, and surgery, are high risk, 

because of the friability of vessel walls. In a series of EDS Type IV 

patients undergoing angiography, major complications occurred in 

22% and death in 5.6%.61

(g)  The utility of routine screening for intracranial aneurysms is controver-

sial, because of the high complication rates associated with treatment.62

 

a-ANTITRYPSIN DEFICIENCY 1 1.  The  major  function  of α1-antitrypsin,  a  circulating  antiprotease  that  is 

α1 synthesized  in  the  liver,  is  to  protect  the  lungs  against  neutrophil  elastase. -Antitrypsin  deficiency  is  characterized  by  damage  to  elastic  tissue,  most 

commonly emphysema. Inheritance follows an autosomal codominant pattern; 

the gene is located on chromosome 14, and a large  number of allelic variants 

have been identified.63

2.  Vascular  disorders  associated  with α1-antitrypsin  deficiency  include  arterial 

3.  Both  the  heterozygous  and  homozygous α1 aneurysms, spontaneous dissections, and fibromuscular dysplasia.-antitrypsin  deficiency  states  have 

been suspected to be genetic risk factors for intracranial aneurysms,64 although 

other studies have found otherwise.65-67

4.  Screening  for  asymptomatic  intracranial  aneurysms  in  individuals  with α                                      35 1-antitrypsin deficiency is generally not recommended.

MARFAN SYNDROME

1.  Autosomal dominant disorder caused by mutations in the gene encoding fibril-

lin-1. Fibrillin-1 is a glycoprotein which is an important structural component 

of the extracellular matrix.

2.  Vascular manifestations include aortic and mitral valve insufficiency, and aor-

tic artery dissection and rupture.

3.  Although  a  number  of  reports  have  associated  Marfan  syndrome  with  intrac-

ranial  aneurysms,  the  weight  of  clinical  evidence  appears  to  indicate  that 

Marfan syndrome is not associated with an increased prevalence of intracranial 

aneurysms.68,69
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1.  Autosomal dominant disorder caused by mutations in the neurofibromatosis-1 

gene, which encodes neurofibronin. Neurofibronin may have a regulatory role 

in the development of various connective tissues.

2.  Vascular  manifestations  include  stenosis,  aneurysm  or  fistula  formation,  and 

rupture of large and medium size arteries.35

3.  Firm evidence for an increased risk of intracranial aneurysms in patients with 

neurofibromatosis has not been shown.

PSEUDOXANTHOMA ELASTICUM

1.  An heritable connective tissue disorder in which the elastic fibers of the skin, 

eyes, and cardiovascular system become slowly calcified and characteristic skin 

lesions appear, which resemble xanthomas.

2.  Prevalence is approximately 1 per 100,000.

3.  Stroke caused by stenoto-occlusive disease of the carotid and vertebral arteries 

is the most commonly reported neurovascular manifestation.70

4.  An  association  between  pseudoxanthoma  elasticum  and  intracranial  aneu-

rysms has been reported,71 although a study of 100 patients with the disorder found  no  history  of  “symptomatic  intracranial  aneurysms.”72  This  association appears to be discussed in textbooks and reviews more often than it has actu-

ally been reported.

 

13.2.2.3.  Other conditions associated with intracranial 

aneurysms

ARTERIOVENOUS MALFORMATION

Up to 25% of patients with an arteriovenous malformation (AVM) have associated 

intracranial  aneurysms.73  About  half  of  these  aneurysms  are  present  on  a  feeding vessel or on a major artery that participates in the arterial supply to the AVM, and most of the remaining are present within the AVM nidus. The effect of the presence of  aneurysms  in  patients  with  an  AVM  on  risk  of  hemorrhage  is  not  clear,  as  some studies have found an increased risk of hemorrhage in this situation,73-75 while others have not.76-77

 

FIBROMUSCULAR DYSPLASIA

A systematic review of 17 studies found a prevalence of intracranial aneurysms 

in  patients  with  cervical  carotid  and/or  vertebral  artery  fibromuscular  dysplasia  of about 7%.78

 

ABDOMINAL AORTIC ANEURYSMS

Intracranial  aneurysms  are  associated  with  abdominal  aortic  aneurysms,79

and first-degree relatives of patients with abdominal aortic aneurysms appear to be at  a  significantly  increased  risk  of  having  an  intracranial  aneurysm  (relative  risk, 2.87–4.04). 80

 

SICKLE CELL ANEMIA

Sickle cell anemia is associated with intracranial aneurysms. In a review of 44 

reported  cases  of  aneurysms  in  sickle  cell  patients,  57%  of  patients  were  found  to have  multiple  aneurysms,  and  31%  of  the  aneurysms  were  located  in  the  posterior circulation. 81

 

13.2.2.4.  Modifiable risk factors for aneurysm formation 

and subarachnoid hemorrhage

A  discussion  of  modifiable  risk  factors  should  be  included  in  the  management 

of  any  patient  with  an  intracranial  aneurysm.  Of  the  following  risk  factors,  cigarette smoking, hypertension and heavy drinking are the most significant. 82
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CIGARETTE SMOKING

Cigarette  smoking  appears  to  strongly  influence  intracranial  aneurysms  in  a 

elastase/ α 1 very meaningful way. The mechanism is unclear; however, an imbalance in the serum -antitrypsin ratio or increased elastase activity in smokers may contribute 

to aneurysm formation or SAH: 83

1.  Aneurysm  formation.  Smokers  have  a  greater  incidence  of  multiple 

aneurysms.10,12

2.  Growth. Cigarette smoking was found to be strongly associated with growth of 

unruptured aneurysms.84

3.  Rupture.  Case-control  studies  have  found  the  relative  risk  of  aneurysmal  SAH 

for smokers to be twice or more that of nonsmokers.85,86 Other studies have con-

firmed that smoking is an independent risk factor for SAH.66,87,88

4.  Vasospasm.  Smokers  have  an  increased  incidence  of  symptomatic  cerebral 

vasospasm after SAH.89,90

 

Smoking Cessation and Drugs to Help with It

Smoking is the single most important modifiable risk factor in patients with 

intracranial  aneurysms.  For  patients  who  smoke,  aneurysm  management  must 

include a discussion of the importance of smoking cessation and help, if needed. 

Two medications that can help patients stop smoking are varenicline and bupro-

pion. Dosing and side effects are discussed in Chap. 17.

 

HYPERTENSION

Hypertension is a risk factor for SAH.82,86,91,92

 

ALCOHOL USE

Alcohol  consumption  (in  most  studies,  >2  drinks  per  day)  has  been  shown  to 

increase the risk of SAH, independently of cigarette smoking, and history of hyperten-sion.66,82,93,94 Patients who drink more than their physician does should be advised to cut back on alcohol consumption.

 

ORAL CONTRACEPTIVES

There is evidence from systematic reviews both for 95               96 and against oral contracep-

tives as a risk factor for SAH.

 

ATHEROSCLEROSIS

Increased serum cholesterol is a risk factor for SAH.97

 

COFFEE USE

Coffee consumption >5 cups per day was found to be an independent risk factor 

for SAH. 91

 

13.2.2.5.    Natural history

The  natural  history  of  unruptured  intracranial  aneurysms  is  unclear  and 

controversial.  The  most  prominent  studies  concerning  natural  history  include  a study by Juvela and colleagues of a Finnish population that featured a 100% follow-up  averaging  18  years, 87  a  meta-analysis  of  publications  on  the  topic  from  1955 to  1996,17                                                            98  a  systematic  review  of  the  literature  from  Japan,  and  the  800  pound gorilla in the field, the International Study of Unruptured Intracranial Aneurysms (ISUIA). 8,99  Each  study  has  unique  strengths  and  limitations.  The  ISUIA  is  cur-rently  still  going  on.  Two  Japanese  prospective  studies  are  currently  in  progress, the  Unruptured  Cerebral  Aneurysm  Study  in  Japan100  and  the  Small  Unruptured Aneurysm Verification study.101
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1.  Comprehensive cohort study of patients found to have unruptured intracranial 

aneurysms in Finland, from 1956 to 1978. The strengths of this study lay in the 

fact that prior to 1979, unruptured aneurysms were not surgically treated at the 

authors’ center, which was the only neurosurgical clinic in Finland until the late 

1960s. Also, the unique socioeconomic structure of Finland permitted longer and 

more complete follow-up than has been achieved in any other study.

2.  A total of 142 patients were studied; mean follow-up was 18.1 years.

3.  Annual rate of rupture according to:

(a)  Patient history:

●      Incidental aneurysm, no history of SAH, 1.0%. ●      Incidental aneurysm with a history of SAH, 1.3%. ●      Symptomatic aneurysm, 2.6%.

(b)  Aneurysm size:

●      2–6 mm, 1.1%.

●      7–9 mm, 2.3%.

●      10–26 mm, 2.8%.

4.  Mortality rate with rupture: 52%.

5.  Limitations: Small total number of patients, homogeneous population, majority 

of patients (92%) had a history of SAH.

 

RINKEL 1998

1.  Meta-analysis  of  nine  studies,  totaling  3,907  patient-years,  found  an  overall 

risk  of  rupture  of  1.9%  per  year,  and  an  increased  risk  of  rupture  in  women, 

older  patients,  symptomatic  aneurysms,  larger  size,  and  posterior  circulation 

location. Results are summarized in Table 13.2.

2.  Limitations:  The  meta-analysis  included  retrospective  studies,  and  studies 

done prior to the CT-era.

 

Table 13.2 Systematic review: factors associated with rupture

Risk factor Annual risk of rupture (%)

Overall                                                           1.9

Sex                   Male                             1.3

Female                            2.6

Age                  20–39                          0

40–59                           3.5 60–79                           5.7

Type of aneurysm        Asymptomatic                       0.8

Asymptomatic, history of SAH         1.4 Symptomatic                      6.5

Site                        ACA                                   1.1

MCA                      1.1 ICA                              1.2 Posterior circulation                    4.4

Size                      ≤10 mm                             0.7

>10 mm                        4.0

From 17

 

MORITA 2005

1.  Meta-analysis  of  13  Japanese  studies,  totaling  3,801  patient-years,  found  an 

annual  rupture  rate  of  2.7%.  All  studies  were  fairly  recent  (earliest  was  pub-

lished in 1992).

2.  The rate of rupture was increased by:

(a)  Diameter ≥10, relative risk (RR) 6.4. (b)  Posterior circulation location, RR 2.3.

(c)  Symptomatic aneurysm, RR 2.1.
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3.  Evidence  has  accumulated  in  other  studies  to  support  the  finding  that 

Japanese  patients  with  unruptured  intracranial  aneurysms  are  at  higher 

risk  of  rupture  compared  to  other  ethnic  groups.  The  rate  of  SAH  in  the 

Japanese population is nearly nine times higher than the incidence observed 

in  Rochester,  Minnesota,102,103  while  the  prevalence  of  unruptured  intracra-

nial  aneurysms  is  not  significantly  different,17  and  the  prevalence  of  smok-

ing  and  hypertension  in  Japanese  adults  is  not  higher  than  that  of  the  US 

population.104-106

4.  Limitations: The meta-analysis included retrospective studies; a single ethnic 

group.

 

13.2.2.6.  International Study of Unruptured Intracranial 

Aneurysms

The ISUIA is the largest study of the natural history of unruptured intracranial 

aneurysms,  involving  a  total  of  4,060  patients  at  53  centers  in  the  United  States, Canada,  and  Europe.  The  study  began  in  1991  and  is  still  in  progress.  Two  reports have been published, in The New England Journal of Medicine in 1998 and in Lancet in 2003. The first paper, containing both retrospective and prospective data, generated controversy mainly because of the finding of a yearly rupture rate for small anterior circulation aneurysms of only 0.05%. The second report provided further evidence of a low rate of rupture for small anterior circulation aneurysms and also included more detailed data on treatment outcomes.

ISUIA FIRST STUDY

A total of 2,621 patients were included in the first ISUIA report.8 The study had 

a  retrospective  component,  in  which  the  natural  history  of  unruptured  aneurysms was assessed, and a prospective component, which focused on surgical morbidity and mortality:

1.  Retrospective  component.  A  total  of  1,449  patients  with  1,937  intracranial 

aneurysms  were  divided  into  two  groups:  727  individuals  with  no  history  of 

SAH  (Group  1)  and  722  with  a  history  of  SAH  from  a  different  aneurysm 

(Group 2). Mean duration of follow-up was 8.3 years:

(a)  nnual rupture rates:

●      Group 1:

–  Aneurysm diameter <10 mm: ~0.05%.

–  Aneurysm diameter ≥10 mm: ~1%.

●      Group 2:

–  Aneurysm diameter <10 mm: ~0.5%.

–  Aneurysm diameter ≥10 mm: ~1%.

(b)  Predictors of rupture:

●   Group 1. The only independent predictors of rupture were the size 

and location of the aneurysm:

–  Size.  Relative  risk  of  rupture  for  aneurysms  10–24 mm  in 

diameter (compared to aneurysms <10 mm) was 11.6 (p = 0.03) and 59.0 for aneurysms ≥25 mm in diameter (p < 0.001).

–  Location.  Compared  to  other  locations,  the  relative  risk  of 

rupture of aneurysms at the basilar apex was 13.8 (p = 0.001), 13.6  for  aneurysms  of  the  vertebrobasilar  or  posterior  cer-

ebral artery (p = 0.007) and 8.0 for posterior communicating artery aneurysms (p = 0.02).

●   Group  2.  Relative  risk  of  rupture  was  5.1  for  basilar  apex  aneu-

rysms (p = 0.004) and 1.31 for “older age” patients (p = 0.04) (age was not defined).

2.  Prospective  component.  Of  1,172  patients,  996  (85%)  underwent  surgery  and 

the rest had endovascular treatment. Treatment-related results were reported 

for the surgical group only. Overall rates of morbidity and mortality:

(a)  Group 1 (n = 798):

●      30 days: 17.5%. ●      1 year: 15.7%.

(b)  Group 2 (n = 197):

●      30 days: 13.6%. ●      1 year: 13.1%.
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(c)  The lower rates of morbidity and mortality in Group 2 were attributed 

to  the  selection  of  survivors  of  a  first  subarachnoid  hemorrhage  and 

craniotomy for clipping of an aneurysm.

3.  Study conclusions:

(a)  The rate of rupture of anterior circulation aneurysms <10 mm in diam-

eter is very low for patients without a history of SAH. The rate of rupture 

is substantially higher in patients with a history of SAH.

(b)  Surgery-related risks exceed the 7.5 year risk of rupture among patients 

without a history of SAH.

 

ISUIA SECOND STUDY

A total of 4,060 patients were included in the second ISUIA report.99 The study 

was  entirely  prospective;  1,692  patients  did  not  have  treatment,  1,917  underwent surgery,  and  451  had  endovascular  procedures.  As  in  the  first  study,  patients  were divided into Group 1 (no history of SAH) and Group 2 (previous history of SAH from another lesion):

1.  Natural history. Mean follow-up was 4.1 years. A total of 51 patients (3%) in the 

untreated group had a confirmed aneurysmal SAH (mortality rate, 65%). As in 

the first study, patients were divided into Group 1 (no history of SAH) and Group 

2 (previous history of SAH from another lesion). Patients in Group 1 had a lower 

rate of rupture for aneurysms <7 mm than patients in Group 2 (p < 0.0001); oth-erwise, rupture rates did not differ significantly between the groups (Table 13.3).

2.  Treatment. Mean follow-up was 4.0 years for patients undergoing surgery and 

3.7 years for patients who had endovascular treatment. Overall morbidity and 

mortality rates are reported in Table 13.4. Risk factors were assessed as poten-tial predictors of outcome:

(a)  Surgical group. Age was found to be a strong predictor of outcome (Fig. 

13.2). Asymptomatic patients age <50 years with unruptured aneurysms of  the  anterior  circulation ≤24 mm  in  diameter  have  the  lowest  rate  of surgical morbidity and mortality, 5.6% at 1 year. Factors predictive of a 

poor surgical outcome:

●      Age ≥50 years, relative risk, RR 2.4 (p < 0.0001). ●      Aneurysm diameter >12 mm, RR 2.6 (p < 0.0001). ●      Location in the posterior circulation, RR 1.6 (p = 0.025). ●      Previous ischemic cerebrovascular disease, RR 1.9 (p = 0.01). ●  Aneurysmal symptoms other than rupture, RR 1.59 (p = 0.004).

 

Table 13.3 ISUIA annual rupture rates according to location and size of 

unruptured aneurysm

<7 mm              7–12 mm 13–24 mm ≥25 mm 

(%)                   (%)         (%)        (%)

Group 1    Group 2

Anterior communicating       0             0.3          0.52         2.9           8.0

artery/MCA/ICA

Posterior circulation and       0.5             0.68          2.9            3.68           10

posterior communicating 

artery

Cavernous ICA               0             0           0            0.6           1.28

 

Table 13.4 ISUIA outcomes after treatment

Surgery (%)                Endovascular (%)

Group 1      Group 2        Group 1       Group 2

30-day morbidity          13.7                11.0          9.3                      7.1

and mortality

1-year morbidity and       12.6                10.1          9.8                      7.1

mortality
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Fig. 13.2 ISUIA poor outcomes in the surgical cohort by age. Poor outcome is defined 

 

as death, a Rankin score between 3 and 5, or impaired cognitive status. Bars show 95% confidence interval. Reprinted from The Lancet, 362:103–110, Wiebers and International 

Study of Unruptured Intracranial Aneurysms: “Unruptured intracranial aneurysms: natu-

ral history, clinical outcome, and risks of surgical and endovascular treatment.” © 2003 

Elsevier Ltd, with permission from Elsevier.

(b)  Endovascular group. Morbidity and mortality seemed to be less depend-

ent on age in patients undergoing endovascular treatment. Poor outcome 

was associated with:

●      Aneurysm diameter >12 mm, RR 2.4 (p < 0.03). ●      Location in the posterior circulation, RR 2.25 (p = 0.02).

 

ISUIA ANOMALIES AND STUDY LIMITATIONS

The  results  of  the  ISUIA  have  been  controversial  because  the  low  rates  of  rup-

ture  do  not  seem  to  match  actual  practice.  Consider  the  following  calculation.  The prevalence of unruptured intracranial aneurysms is about 2%. If the population of the United States is 280 million, then approximately 5.6 million people are likely to have an  aneurysm.  If  the  average  annual  rupture  rate  is  ~0.1%,  as  the  ISUIA  indicates for most aneurysms, then only about 5,600 cases of aneurysmal SAH should be seen in  the  US  each  year.  However,  some  21,000–33,000  cases  of  aneurysmal  SAH  occur in the US each year.107 Moreover, the average size of ruptured aneurysms is 6–7 mm, well within the range estimated by ISUIA to have a benign natural history. The most plausible explanation for these discrepancies is that the ISUIA results are affected by selection and intervention bias. The patients followed in the ISUIA were evaluated and counseled by cerebrovascular neurosurgeons, and a decision was made in each case to manage the patient expectantly. Patients already at lower risk of rupture may have been selected to be managed without intervention, and, once they were aware of their aneurysms, there is a distinct possibility that the patients and their physicians were successful in modifying risk factors for rupture, such as cigarette smoking and hyper-tension. Therefore, the results of ISUIA are applicable to some patients, but not neces-sarily to all patients, particularly if they are affected by confounding risk factors for hemorrhage. Management decisions for patients with unruptured aneurysms should be made on an individual basis, with careful consideration of life expectancy, risk fac-tors for hemorrhage, and estimated risks associated with treatment (Table 13.5).

 

Table 13.5 Life expectancy table and projected lifetime risk of aneurysm rupture

Estimated lifetime risk of rupture 

 according to annual risk of ruptureb

Average no. of 

Age interval                      a years remaining     0.05%    0.50%     1%      2%     3%

20–24            58.2                   0.06      0.25       0.44      0.69     0.83

25–29            53.5                   0.05      0.24       0.42      0.66     0.8

(continued)
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Table 13.5 (continued)

Estimated lifetime risk of rupture 

according to annual risk of ruptureb

Average no. of 

Age interval                      a years remaining     0.05%    0.50%     1%      2%     3%

30–34            48.7                   0.05      0.22       0.39      0.63     0.77

35–39            44                    0.04      0.2       0.36      0.59     0.74

40–44            39.3                   0.04      0.18       0.33      0.55     0.7

45–49            34.8                   0.03      0.16       0.3       0.5      0.65

50–54            30.3                   0.03      0.14       0.27      0.46     0.6

55–59            26.1                   0.03      0.12       0.23      0.41     0.55

60–64            22                    0.02      0.1       0.2       0.36     0.49

65–69            18.2                   0.02      0.09       0.17      0.31     0.43

70–74            14.7                   0.01      0.07       0.14      0.26     0.36

75–79            11.5                   0.01      0.06       0.11      0.21     0.3

80–84            8.8                    0.01      0.04       0.08      0.16     0.24

85–89            6.5                    0.01      0.03       0.06      0.12     0.18

90–94            4.8                    0         0.02      0.05      0.09     0.14

95–99            3.6                    0         0.02      0.04      0.07     0.1

aAverage number of years of life remaining for beginning of age interval. Life expectancy data obtained from the United States Department of Health and Human Services108 b                                                                          99 Annual rupture rates are approximated from the ISUIA.Lifetime risk of rupture was calculated using the formula 1 − (risk of no hemorrhage)years remaining of life.109 Assumptions include a constant risk of rupture and no confounding factors

 

13.3.      Aneurysm treatment

 

13.3.1.     Conservative management

The term “conservative management” is a bit of a misnomer, since it implies no 

treatment at all. However, it is prudent to follow patients with aneurysms that have not been treated, and attempts should be made to modify risk factors by encouraging smoking  cessation  and  treating  hypertension.  Patients  with  unruptured  aneurysms should be monitored for new onset headaches or cranial nerve palsies, which may be warning  signs  of  impending  rupture.  Periodic  imaging  should  be  done  since  objec-tive  evidence  of  aneurysm  growth  is  associated  with  an  increased  risk  of  rupture. 87 The  authors  use  annual  CTA  or  MRA  exams  to  follow  asymptomatic  patients  with untreated  intradural  aneurysms.  Growing  or  newly  symptomatic  aneurysms  should then be considered for more definitive treatment.

 

13.3.2.     Treatment: Surgical results

Microsurgery  is  the  established  “gold  standard”  for  treatment  of  intracranial 

aneurysms. Successful surgery effectively excludes the aneurysm from the circulation, and recurrence is generally thought to be uncommon. Intraoperative or postoperative catheter angiography is necessary to check for residual aneurysm and to ensure that the  parent  vessels  are  preserved.  Interpretation  of  surgical  series  is  problematic, as  publication  bias  can  confound  the  results.  For  instance,  in  studies  of  surgery  for unruptured aneurysms, single-center series generally report better results than mul-ticenter or community-based studies. 110 As the largest, randomized multicenter trials to  date,  ISUIA  and  ISAT  have  provided  the  most  reliable  data  for  the  treatment  of unruptured and ruptured aneurysms.
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hemorrhage after surgery

1.  The frequency of residual aneurysm after clipping is 3.8–8%.11-115

2.  Rupture or rerupture after clipping usually occurs when residual aneurysm is 

left behind after surgery:

(a)  In a surgical series of 715 patients with an average follow-up of 6 years, 

the  chance  of  rebleeding  from  a  residual  aneurysm  was  3.7%.111  The chance of rehemorrhage for all patients was 0.14%.

(b)  Of a series of 12 cases with known residual aneurysm after surgery, two 

(16.7%)  were  found  to  have  enlarged  on  follow-up  angiography  (mean 

follow-up, 4.4 years).116

3.  Aneurysm recurrence after surgical obliteration:

(a)  In a surgical series of 220 cases, all of whom had postoperative angiog-

raphy  indicating  complete  obliteration  of  the  aneurysm,  three  patients 

(1.4%) had SAH attributable to a recurrent aneurysm; two other patients 

were found to have unruptured recurrent aneurysms on angiography.117 Mean follow-up was 9.9 years.

(b)  Of  135  clipped  aneurysms  shown  to  be  obliterated  on  postoperative 

angiography, two (1.5%) were found to have recurred on follow-up angi-

ography (mean follow-up, 4.4 years).116

(c)  In  a  cohort  study  involving  nine  centers  and  a  total  of  711  patients 

undergoing  clipping  after  SAH,  rerupture  of  the  treated  aneurysm  did 

not occur during 2,666 person-years.118

 

13.3.2.2.    Complication rates with surgery

1.  Unruptured aneurysms:

(a)  A  systematic  review  of  61  studies  involving  2,460  patients  having  elec-

tive aneurysm surgery found a permanent morbidity rate of 10.9% and a 

mortality rate of 2.6%.119

(b)  In  a  state-wide  analysis  of  patients  undergoing  surgery  for  unruptured 

aneurysms in California from 1990 to 1998, an adverse outcome (defined 

as an in-hospital death or discharge to a nursing home or rehab) occurred 

in 25% of cases, and death occurred in 3.5% of cases.120

(c)  ISUIA  treatment  results:  The  30-day  overall  morbidity  and  mortality 

rate  with  surgery  was  13.2%,  and  the  mortality  rate  was  1.5%.99 The 1-year morbidity and mortality rate was 12.2%, and the mortality rate 

was 2.3%.

(d)  Risk  factors  for  complications  with  surgery  for  unruptured  aneurysms 

include age >50 years, aneurysm size >12 mm, posterior circulation loca-

tion, and complex anatomy. 99,121,122

2.  Ruptured aneurysms:

(a)  Surgical  complication  rates  for  ruptured  aneurysms  are  confounded  by 

the multiplicity of problems that affect patients with SAH.

(b)  Population-based  studies  have  found  a  30-day  mortality  rate  of  13.4%, 

and 1-year mortality rates of 13.3–17.9%.123,124

(c)  ISAT: 1-year rate of death or dependency for surgical patients was 30.9%.

 

13.3.3.     Treatment: Endovascular results

 

13.3.3.1.    Angiographic results

Reports  of  angiographic  results  after  endovascular  treatment  of  intracranial 

aneurysms  are  confounded  by  differing  definitions  of  angiographic  findings  as  well as varying aneurysm locations and sizes, and whether the treated lesion was unrup-tured or ruptured (Table 13.6). A graphic scheme for classifying anatomic results is illustrated in Fig. 13.3.
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Table 13.6 Comparison of various classification schemes for angiographic 

results after embolization

References

Dog ear 

 (indicating 

Complete          a unilateral         Residual         Aneurysm    Treatment 

134           occlusion         residual neck)     neck            filling        failure

135           Grade I (totally     Grade II           Grade III 

occluded aneu-    (90–99%         (<90% rysm with no      obliteration,         obliteration lumen or visible    “subtotal”)         “incomplete”) neck remnant)

136           100%           95–99%        <95%

137           Class I (com-     Class II (resid-    Class III 

plete oblitera-       ual neck)           (residual or tion)                                     recurrent 

aneurysm)

Minor          Major 

(saccular 

and size 

large 

enough 

to permit 

retreat-

ment with 

coils)

130           Complete (no      Neck remnant     Incomplete      Attempted 

contrast filling      (residual filling     (indicated         emboli-of the dome,       of part of the       by contrast       zation neck or body of    neck of the        within the         (failure aneurysm)        aneurysm)       body and        to deliver 

dome of the      coils into aneurysm)      aneurysm)

[image: ]

 

Fig. 13.3 Graphical scheme for classification of angiographic results after aneurysm 

embolization. Complete occlusion indicates no filling of the aneurysm; “dog ear” indi-

cates a unilateral residual neck; “residual neck” indicates that there is some filling of the 

neck of aneurysm for the entire length of the aneurysm neck; “aneurysm filling” indi-

cates significant filling of the aneurysm; and “treatment failure” (not shown) indicates no 

embolization of the aneurysm. Adapted with permission from.134

 

IMMEDIATE ANGIOGRAPHIC RESULTS

1.  “Complete” aneurysm obliteration has been reported in approximately 50–60% 

of  cases  immediately  after  embolization,  and  “near  complete”  occlusion  has 

been reported in about 90% of cases.125-132

2.  Treatment failures (i.e., no embolization at all) have been reported in approxi-

mately 5% of cases, 129-131  133  although other reports have indicated higher rates.

3.  A systematic review of 48 studies found that initial occlusion rates seemed to 

be independent of aneurysm size, location, neck configuration, and whether the 

aneurysm was ruptured or unruptured.125
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LONG-TERM ANGIOGRAPHIC RESULTS

1.  By convention, initial angiographic follow-up is typically done 3–6 months after 

treatment, then yearly after that, indefinitely.

2. Aneurysm  recurrence.  There  are  probably  as  many  definitions  of  “aneurysm 

recurrence” after coiling as there are snowflakes, making comparisons between 

studies  nearly  impossible.  The  authors  of  this  handbook  prefer  to  define  sig-

nificant  recurrence  as  recanalization  of  a  volume  within  the  aneurysm  large 

enough  to  permit  retreatment  with  either  endovascular  or  surgical  means 

(i.e.,  recanalizations  classified  as  “major  recurrences”  by  Raymond  and  col-

leagues):137

(a)  Studies  including  cases  mostly  from  the  1990s  found  significant  recur-

rence rates of approximately 20% of cases in the first 12–18 months after 

treatment:

●   In  a  series  of  466  patients  treated  from  1992  to  2002,  the  rate  of 

major recurrences, defined as necessitating retreatment, occurred 

in 20.7% of patients and were found at a mean of 16.5 months.137 Predictors  of  recurrence  included  treatment  of  a  ruptured  aneu-

rysm,  larger  aneurysm  size  and  neck  width,  suboptimal  initial 

angiographic result, and length of follow-up.

●   In  a  series  of  818  patients  treated  at  UCLA  from  1990  to  2002, 

the  overall  rate  of  recanalization  was  20.9%,  at  a  mean  follow-up 

of  11  months.130  Recanalization  was  defined  as  >10%  increase  in contrast filling of the aneurysm. Factors contributing to recanali-

zation included larger aneurysm size and wide necks. The authors 

also found a significant improvement in recurrence rates over time 

(26.1% in the first 5 years vs. 17.2% in the last 6 years), which they 

attributed to technical refinements.

(b) More recent studies have found recurrence rates (including small recur-

rences and recanalization) of approximately 13–15% at 1 year, 138,139 and longer-term recurrence rates of about 20%.139,140

3.  Predictors of recurrence include incomplete occlusion at the initial treatment, 

aneurysm size >10 mm, loose packing of the aneurysm:137,139,141

(a)  Density  of  coil  packing  may  correlate  with  occlusion  durability. 141

Typically, only some 23–26% of the endosaccular volume is replaced by 

coils;142 some studies have suggested that a volumetric percentage occlu-sion of at least 25–33% is necessary for durable occlusion.141,413

(b)  Aneurysm  relationship  with  the  parent  vessel.  Terminal  aneurysms 

seem  to  recur  at  a  higher  rate  compared  to  sidewall  aneurysms.  In  a 

report of long-term results after coiling of 100 asymptomatic aneurysms 

rates of recanalization were 11% and for sidewall aneurysms and 38% for 

terminal aneurysms.144

 

13.3.3.2.    Clinical results with embolization

COMPLICATION RATES

Overall  complication  rates  with  coiling  tend  to  hover  around  8–10%.99,120,130,132

A systematic review of 48 studies totaling 1,383 patients found a rate of permanent complications with embolization of 3.7% (95% CI 2.7–4.9%). 125 An in-depth discussion of complications may be found in Chap. 5.

 

RUPTURE AFTER COILING

Rehemorrhage  after  coiling  of  ruptured  aneurysms  is  uncommon,  occurring  in 

approximately  3%  of  cases.117,126,145-153  Rehemorrhages  occurring  within  6  months usually  involve  aneurysms  that  were  incompletely  occluded  after  the  initial  treat-ment. 154-156 Later rehemorrhages tend to occur in aneurysms that have demonstrated some  degree  of  recurrence,126,150  underscoring  the  need  for  routine  radiographic  sur-veillance of coiled aneurysms.

In ISAT, a total of 35 (3.3%) rebleeds after treatment occurred in patients after 

coiling within 1 year of treatment. 157 Of the patients in whom coils were placed in the aneurysm,  15  (1.5%)  had  a  rehemorrhage  after  the  initial  procedure  and  before  30 days  postprocedure. 158  Among  these  15  patients,  seven  had  incomplete  occlusion  of the aneurysm, three had complete occlusion, and five received thrombolytic therapy to treat thromboembolic complications after the initial endovascular treatment.
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UNRUPTURED ANEURYSMS, RETROSPECTIVE STUDIES

1.  In a cohort study of 2,357 surgical cases and 255 endovascular cases at 60 uni-

versity hospitals, adverse outcomes were significantly more common in surgical 

cases (18.5%) compared to endovascular cases (10.6%) (p = 0.002).159 In-hospital mortality was higher for surgical cases (2.3 vs. 0.4%; p = 0.039). The length of stay and hospital charges were also significantly greater for surgical cases (p < 0.0001 for each).

2.  In a state-wide analysis of patients undergoing surgery for unruptured aneu-

rysms  in  California  from  1990  to  1998,  an  adverse  outcome  (defined  as  an 

in-hospital death or discharge to a nursing home or rehab) occurred in 10% of 

endovascular cases, compared to 25% of surgical cases (           120 p < 0.001). In-hospital death  occurred  in  0.5%  of  endovascular  cases  and  3.5%  of  surgical  cases  (p  < 0.001). Adverse outcomes declined from 1991 to 1998 in patients treated with 

endovascular therapy but not in those who underwent surgery (p < 0.005).

3.  An  aggregate  analysis  of  1,829  endovascular  patients  and  10,541  surgical 

patients found a cumulative adverse outcome rate of 8.8% (95% CI 7.6–10.1%) 

for coiling and 17.8% (95% CI 17.2–18.6%) for clipping.160

 

UNRUPTURED ANEURYSMS, PROSPECTIVE STUDIES

1.  ISUIA:  1,917  patients  underwent  surgery  and  451  patients  had  endovascular 

treatment. Overall morbidity and mortality at 1 year was 12.2% for the surgi-

cal  group  and  9.5%  for  the  endovascular  group.  ISUIA  is  discussed  in  detail 

above.

 

RUPTURED ANEURYSMS, PROSPECTIVE STUDIES

1.  A single-center randomized 109 patients with SAH to either surgery (n = 52) 

or coiling (         154 n = 57). Better angiographic results were obtained after surgery in patients with ACA aneurysms (p = 0.005), and after coiling in patients with posterior circulation aneurysms (p = 0.045). Clinical outcome was not signifi-cantly different at 3 months.

2.  Long-term  rerupture  rates  were  evaluated  in  an  “ambidirectional”  cohort 

study of 711 surgical cases and 299 endovascular cases at nine centers.118 The mean length of follow-up was 4.4 years for surgical patients and 8.9 years for 

endovascular patients. Rerupture of the index aneurysm after 1 year occurred 

in one patient treated with coil embolization during 904 person-years of follow-

up (annual rate 0.11%) and in no surgical patients during 2,666 person-years 

(p  =  0.11).  Aneurysm  retreatment  after  1  year  was  more  frequent  in  patients treated with coiling (p < 0.0001), but major complications during retreatment were rare.

3.  ISAT:  Randomized  trial  of  coiling  vs.  clipping  in  2,143  patients  with  SAH.157

The 1-year rate of death and dependency was lower in the endovascular group 

compared to the surgical group (23.5 vs. 30.9%; p = 0.0001). The ISAT is dis-cussed in detail below.

 

What Should Patients Expect with Aneurysm Coiling?

The  authors  prefer  to  quote  a  risk  of  complications  with  coiling  of  approxi-

mately 10%, and a chance of aneurysm recurrence (necessitating retreatment) of 

about 20% over several years. The actual rates may be lower, but it is often wise 

to err on the conservative side when helping patients and their families formulate 

expectations about treatment. A tendency to err on the conservative side is also 

important when discussing alternatives, including surgical clipping, as well.

 

13.3.4.  Treatment decision making: Clip or coil?

Both surgery and endovascular treatment are valid for many aneurysms. Patient-

specific  factors  are  summarized  in Table  13.7 .  Operator-specific  factors  include  the background and comfort level of the physician in handling any particular case.
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Table 13.7 Patient selection for coiling or clipping

Relative indications                   Relative contraindications

Endovascular treatment

•  Poor surgical candidate                         •   Elongated aortic arch or otherwise 

difficult vascular access

•  Favorable aneurysm anatomy                  •   Cervical or cranial vessel disease 

(e.g., occlusion, dissection, fibromuscular 

dysplasia, friable atherosclerotic plaque)

•  Favorable vascular access anatomy             •  Giant aneurysms

•   Previous contralateral cranial surgery             •  Aortic or femoral artery occlusion

or hemispheric injury

•   Need for long-term anticoagulation               •  Intraluminal thrombus

(e.g., warfarin therapy for atrial fibrillation)

•  High risk for anesthesia complications           •  Intolerance to iodinated contrast

•  Posterior circulation aneurysms •   Intolerance to heparin and/or  antiplatelet 

agents (if stent-assisted coiling is 

 anticipated)

•  Vascular neurosurgeon unavailable •   Patient unable or unwilling to have 

routine radiographic follow-up

Surgical treatment

•  Younger patient                                •  Advanced age

•  Few medical conditions                        •  Multiple medical conditions

•  No previous cranial surgery                     •  Previous cranial surgery

•  Middle cerebral artery aneurysms               •  Giant aneurysms

•   Symptoms attributable to aneurysm             •  Specialized neurosurgical care unavailable

mass affect

•  Surgically accessible •   Calcification or significant atherosclerosis 

of the aneurysm neck

 

13.3.5.  Intracranial aneurysms by type or location

13.3.5.1.  Unruptured intracranial aneurysms presenting 

with mass effect

1.  Solomon and colleagues found that the proportion of patients without hemor-

rhage presenting with mass effect from an intracranial aneurysm to be 8%,161

although currently, the proportion is likely to be lower because of an increase 

in  noninvasive  imaging  detection  of  intracranial  aneurysms.  Cranial  nerve 

palsies  are  a  typical  feature  of  unruptured  aneurysms  presenting  with  mass 

effect;162  oculomotor  palsy  related  to  impingement  on  the  third  cranial  nerve 

from  a  P-comm  aneurysm  is  the  most  frequent  scenario.  Oculomotor  palsies 

are  a  presenting  feature  in  some  7.2–94%  of  patients  with  small  unruptured 

aneurysms.163,164 Cranial nerve palsies have traditionally thought to be due to 

mechanical  compression  of  the  nerve,  although  transmission  of  pulsations  is 

likely to be a significant component as well:165

(a)  Endovascular  treatment  of  aneurysms  with  mass  effect:  Some  degree 

of  improvement  has  been  reported  in  up  to  75%  of  patients,162,166,167 although  overall  rates  of  complete  symptom  resolution  with  coiling  are 

32–50%.162,166

(b)  Dampening  of  pulsations  is  likely  to  be  the  primary  mechanism 

of  improvement  of  symptoms  with  coiling.  Interestingly,  symptoms 

improved  in  three  out  of  four  patients  who  underwent  coiling  of  aneu-

rysms  for  cranial  nerve  dysfunction,  despite  a  significant  increase  in 

aneurysm volume after coiling.165
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(c)  The shorter the duration of symptoms, the higher the likelihood of recov-

ery, for both surgery and endovascular treatment; one series found that 

treatment within 5 days of symptom onset was associated with complete 

resolution of symptoms.

2.  Posterior  communicating  artery  aneurysms.  In  a  retrospective  comparison  of 

clipping  vs.  coiling  for  patients  with  P-comm  aneurysm-induced  oculomotor 

palsy, six out of seven patients (86%) recovered completely, compared with two 

out  of  six  patients  (33%)  treated  with  coiling. 168  Other  series  have  reported complete recovery in 48–92% of patients undergoing clipping:169-171

(a)  The  presence  or  absence  of  a  pupillary  reflex  is  a  prototypical  feature 

that can help distinguish a third nerve palsy due to a compressive lesion, 

such as a P-comm aneurysm, from an intrinsic lesion affecting the nerve, 

such  as  diabetes-associated  oculomotor  palsy.  A  diminished  pupillary 

reaction to light results from involvement of parasympathetic fibers that 

are  in  a  superficial  position  within  the  nerve,  and  are  thus  vulnerable 

to compression. The mnemonic, “If the pupil is involved, we’re involved! 

(i.e., we = neurointerventionalist or neurosurgeon)” applies:

●   Conversely,  third  nerve  dysfunction  in  diabetic  patients  typi-

cally  results  from  small  vessel  ischemia  to  the  nerve.  Since  the 

microvascular blood supply to the nerve is oriented from outside-

to-inside,  the  central  parts  of  the  nerve  are  more  susceptible  to 

ischemic  injury,  and  the  outer  parasympathetic  fibers  are  more 

likely  to  be  spared.  Thus,  pupil  sparing  in  third  nerve  palsy  is 

less  likely  to  be  related  to  extrinsic  compression  by  a  P-comm aneurysm.

(b)  Recovery  of  oculomotor  function  after  surgery  follows  a  predictable 

course.  Ptosis  is  typically  the  first  symptom  to  improve,  but  complete 

recovery can take months.

(c)  The presence of diabetes, older age, delayed intervention, and complete 

oculomotor palsy are poor prognostic factors for recovery of function after 

coiling.171

3.  Cavernous segment ICA aneurysms:

(a)  See below.133,172-175

4.  The authors favor surgical treatment of intradural aneurysms with symptoms 

of  mass  effect  for  younger  patients  who  are  good  surgical  candidates,  and 

reserve coiling for older patients at higher risk for surgical complications.

13.3.5.2.    Cavernous ICA aneurysms

Approximately  4%  of  all  intracranial  aneurysms  arise  from  the  cavernous  seg-

ment  of  the  ICA.  Many  are  discovered  incidentally;  symptomatic  cavernous  aneu-rysms  can  present  with  diplopia,  pain,  or  a  carotid-cavernous  fistula.  There  is  a strong female preponderance, with women accounting for up to 92% of patients with cavernous aneurysms:173

1.  Radiographic appearance and anatomy:

(a)  The  cavernous  segment  of  the  ICA  extends  from  the  petrous  carotid  to 

the distal dural ring. Most cavernous aneurysms are easy to identify and 

are clearly proximal to the distal dural ring.

(b)  Aneurysms  involving  the  cavernous  segment  can  be  difficult  to  dis-

tinguish  from  intradural  aneurysms.  A  useful  landmark  on  CTA  in 

distinguishing  cavernous  aneurysms  from  intradural  aneurysms  is  the 

optic  strut,  seen  on  coronal  CTA  images  (            176 Fig.  13.4 ).  Aneurysms  that arise  proximal  to  the  optic  strut  are  within  the  cavernous  sinus,  and 

aneurysms that arise distal to the optic strut are intradural.

(c) Transitional  aneurysms  involve  both  the  cavernous  segment  and  the 

intradural space. A focal narrowing, or waist, of the aneurysm dome on 

angiography is an indication of subarachnoid extension.178

(d)  The position of several cranial nerves within the cavernous sinus, includ-

ing the third, fourth, and sixth cranial nerves as well as the V1 and V2 

divisions of the trigeminal nerve, makes them vulnerable to compressive 

injury by large cavernous aneurysms, or a carotid-cavernous fistula.

2.  Symptoms and physical findings:

(a)  Unruptured cavernous aneurysms:

●   Cavernous  aneurysms  typically  produce  symptoms  by  interfering 

with  cranial  nerve  function.  Involvement  of  the  trigeminal  nerve 

can produce severe pain and numbness in the face. The pain may be 
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Fig. 13.4 The optic strut and carotid aneurysms. Coronal CTA MIP. The optic strut is 

 

clearly seen on the left (arrow). An intradural, paraclinoid “carotid cave” aneurysm arises 

from the medial aspect of the vessel.

 

constant  and  burning,  or  it  may  include  a  lancinating  component 

evocative of trigeminal neuralgia.

●   The  most  common  symptoms  at  presentation  are  diplopia  (65%) 

and  pain  (59%).173  In  patients  with  diplopia,  all  three  oculomotor nerves  are  involved  most  commonly  (18%  of  patients);  an  isolated 

sixth  cranial  nerve  palsy  is  present  in  17%,  and  an  isolated  third 

cranial  nerve  palsy  is  found  in  12%. 173  Other  physical  findings include a reduced or absent corneal reflex, fifth cranial nerve dys-

esthesias, Horner’s pupil, and compressive optic neuropathy.

●   In contrast to third nerve dysfunction due to P-comm aneurysm, cav-

ernous aneurysms can produce a pupil sparing third nerve palsy.

(b)  Ruptured cavernous aneurysms:

●   In  a  recent  series  of  185  patients  with  cavernous  aneurysms,  rup-

tured aneurysms accounted for 6.5%. In a series of symptomatic cav-

ernous  aneurysms  treated  with  endovascular  techniques,  ruptured 

aneurysms accounted for 24.4% of cases.179

●   Ruptured  cavernous  aneurysms  often  produce  a  spontaneous 

carotid-cavernous  fistula.  In  a  series  of  ten  patients  with  rup-

tured  cavernous  aneurysms,  all  had  an  audible  pulsatile  bruit. 

Exophthalmos, ophthalmoplegia, and diminished vision were com-

mon features. Importantly, five patients were found to have cortical 

venous  drainage,  indicating  some  degree  of  risk  of  intracranial 

hemorrhage.

●                        179                   180-182 Epistaxis  and  SAH  are  rare  sequelae  of  cavernous  aneu-

rysm rupture.

3.  Natural history:

(a)  The risk of rupture of small cavernous segment aneurysms is extremely 

low.180  In  the  ISUIA,  with  a  mean  follow-up  of  4.1  years,  no  cavernous aneurysms  <13 mm  ruptured.99  The  annual  rupture  risk  for  cavernous aneurysms 13–24 mm and ≥25 mm was 0.6% and 1.28%, respectively.
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(b)  Transitional and giant cavernous aneurysms carry a risk of SAH.182 (c)  The natural history of symptomatic cavernous aneurysms can be quite var-

iable.183 Symptoms may progress, or even spontaneously disappear.180,183 In an analysis of 125 untreated cavernous aneurysms manifesting with pain 

or diplopia, pain resolved or improved spontaneously in 56% of cases, and 

diplopia resolved, improved, or became unnoticed in 56% as well. 173

4.  Treatment  (more  discussion  of  this  topic  is  in  Chap.  15, Appendix:  Direct 

Carotid-Cavernous Fistulas):

(a)  Coil embolization or balloon test occlusion, followed by therapeutic sacri-

fice of the ICA is the primary treatment option. Detachable balloons were 

traditionally used for the carotid sacrifice, but are not currently available 

in the US. Companies such as Acta Vascular Systems, Santa Clara, CA, 

are working toward getting FDA approval of detachable balloons.

(b)  Treatment should be reserved for cavernous aneurysms with extension 

into the subarachnoid space, and for selected symptomatic aneurysms:

●   In  a  systematic  review  of  nine  clinical  series  totaling  69  patients 

who  underwent  coil  embolization  for  cavernous  aneurysms  caus-

ing  diplopia,  diplopia  was  improved  in  96%  and  unchanged  or 

increased in 3.6%.172 After coiling, 80% of aneurysms were occluded by >90%.

●   Pain  may  be  more  responsive  to  treatment  than  diplopia.  In  a 

single-center retrospective review, diplopia was resolved, improved or 

became unnoticed in 61% of patients undergoing endovascular treat-

ment; this was not significantly different from the results in patients 

who did not have treatment (56% had the same result). In contrast, 

pain was resolved or improved in 96% of patients having treatment, 

compared to 56% of patients who did not have treatment (p = 0.002).

(c)  Complications:

●   In  a  systematic  review,  none  of  the  68  patients  treated  with 

coil  embolization  had  a  complication. 172  In  a  large  single-center series, stroke occurred in 5% of patients and TIAs occurred in 5%, 

although  the  authors  point  out  that  all  of  these  cases  were  done 

before  1993,  implying  that  improved  technique  and  devices  have 

lead to a reduction in ischemic complications. 173

(d)  A  dilemma  that  occurs  in  the  management  of  symptomatic  cavernous 

aneurysms  is  that,  whereas  a  significant  percentage  of  symptoms  will 

improve without intervention, the chance of symptomatic improvement, 

particularly when vision or oculomotor function is affected, is best when 

treatment is undertaken soon after the onset of symptoms.

5.  The  authors  favor  coiling  of  unruptured  cavernous  aneurysms  with  extension 

into the subarachnoid space, and for ruptured cavernous aneurysms in patients 

with a bothersome bruit, cortical venous drainage, or significant diplopia or pain. 

Selected  patients  with  symptomatic  unruptured  cavernous  aneurysms  are  also 

candidates for endovascular treatment, depending on the clinical situation.

13.3.5.3.    Paraclinoid ICA aneurysms

Intradural  aneurysms  arising  from  the  ICA  between  the  distal  dural  ring  and 

the P-comm artery are classified as paraclinoid aneurysms, because of their proxim-ity  to  the  anterior  clinoid  process.  Bilateral  aneurysms  are  not  uncommon,  being present in some 23% of cases.184 Numerous terms and classification systems exist for aneurysms in this region, which has created considerable confusion. Two main types of aneurysms in this region are named for the branch of the ICA they are associated with, the ophthalmic artery and the superior hypophyseal artery. Much less common aneurysms arising from this segment of the ICA are not associated with an arterial branch and include “carotid cave” and “lateral paraclinoid” aneurysms.

 

OPHTHALMIC ANEURYSMS

Ophthalmic aneurysms arise at the distal aspect of the origin of the ophthalmic 

artery and project in a superior and medial direction. They comprise 33% of paracli-noid aneurysms:185

1. Presentation.  About  half  of  symptomatic  ophthalmic  aneurysms  present  with 

visual  symptoms,  and  the  remaining  present  with  SAH.186  As  the  aneurysm enlarges, distortion of the optic nerve can occur, which may be clinically silent 

despite significant involvement of the nerve. Impingement of the lateral aspect 
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of  the  optic  nerve  can  produce  a  monocular  superior  nasal  quadrantanopia 

(although the patient may not notice it), and in advanced cases complete ipsi-

lateral visual loss may be present. Visual symptoms are almost always attribut-

able to giant (≥2.5 cm) aneurysms. Although giant ophthalmic aneurysms have 

been reported to cause a contralateral superior temporal quadrantanopia, due 

to  involvement  of  the  “anterior  knee  of  Wilbrand”  (nasal  retinal  fibers  which 

travel in an anterior direction for a short distance within the contralateral optic 

nerve  after  they  decussate),187  more  recent  data  suggests  that  the  “anterior 

knee of Wilbrand” does not actually exist.188

2. Surgical  considerations.  Surgical  access  to  ophthalmic  aneurysms  usually 

requires  removal  of  the  anterior  clinoid  process.  Visual  loss  can  occur  from 

manipulation  from  the  optic  nerve  or  disruption  of  optic  nerve  perforating 

vessels during aneurysm exposure, and occurs in some 4% of cases.184 A preop-

erative CT should be checked for the presence of calcification of the neck; sig-

nificant calcification can make clipping difficult. The ophthalmic artery should 

be preserved whenever possible, however some patients will tolerate occlusion 

of this vessel without ischemic injury to the retina thanks to collateral circula-

tion from the external carotid artery branches.

3. Endovascular  treatment.  Coiling  is  an  attractive  option  for  treatment  of 

ophthalmic  aneurysms  because  of  the  risk  of  visual  loss  associated  with 

surgery.  Morbidity  with  endovascular  treatment  of  paraclinoid  aneurysms  is 

2.9–8.3%.189,190 However, ophthalmic aneurysms seem to be prone to recurrence 

after coiling. Strictly speaking, ophthalmic aneurysms are sidewall aneurysms; 

however their location along the bend of the ICA as it arches up from the cavern-

ous sinus may create a hemodynamic effect that is similar to that experienced 

by end-artery aneurysms. Relatively high recurrence rates have been reported 

after  coiling,  occurring  in  26–53%  of  cases.191,192  Because  of  this,  methodical 

radiographic follow-up after coiling of ophthalmic aneurysms is mandatory.

SUPERIOR HYPOPHYSEAL ARTERY ANEURYSMS

Some 47% of paraclinoid aneurysms are associated with the origin of the superior 

hypophyseal  artery.185  These  aneurysms  arise  from  the  inferomedial  aspect  of  the ICA and project inferiorly and medially. Most aneurysms of this type are incidental findings  or  present  with  SAH.  Rarely,  superior  hypophyseal  aneurysms  can  become large enough to compress the pituitary stalk and the optic chiasm. Surgical access to these  aneurysms  is  technically  challenging  because  the  aneurysm  is  located  on  the opposite side of the ICA as the vessel is approached via a pterional craniotomy, and the aneurysm dome may be adherent to the parasellar dura.

 

OTHER PARACLINOID ANEURYSMS

Some  20%  of  paraclinoid  aneurysms  are  not  associated  with  a  branch  of  the 

ICA.185 Most of these are arise from the ICA in either a medial or lateral direction:

1. Medial clinoidal segment aneurysms. Also described by some as “carotid cave” 

aneurysms.  The  term  “carotid  cave”  refers  to  a  space  inferior  to  a  redundant 

fold of dura, which extends from the medial aspect of the distal dural ring,193

and  is  present  in  some  68–77%  of  cases. 194  Aneurysms  extending  into  the 

carotid cave are usually small and project medially in the AP plane (Fig. 13.4). 

They  are  distinguished  from  superior  hypophyseal  aneurysms  by  their  more 

proximal location and the absence of an associated branching artery.

2. Lateral  paraclinoid  aneurysms.  These  aneurysms  project  in  a  superior  and 

lateral  direction  and  are  uncommon,  accounting  for  only  8.2%  of  paraclinoid 

aneurysms. 185 They can present with SAH, even when small.

 

13.3.5.4.    Supraclinoid ICA aneurysms

Aneurysms  arising  from  the  ICA  between  the  P-comm  artery  and  the  carotid 

terminus are classified as supraclinoid aneurysms, and account for 50% of all intrac-ranial aneurysms.195

 

POSTERIOR COMMUNICATING ARTERY ANEURYSMS

P-comm  aneurysms  usually  arise  just  distal  to  the  origin  of  the  posterior  com-

municating artery, and project inferiorly and laterally. Both surgery and endovascular 
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1. Presentation.  Unruptured  P-comm  aneurysms  are  a  common  cause  of  acute 

third cranial nerve palsy and are discussed above, in Unruptured Intracranial Aneurysms  Presenting  with  Mass  Effect  section.  P-comm  aneurysms  are  also a  common  cause  of  SAH;  blood  on  CT  is  usually  concentrated  in  the  lateral 

suprasellar and ambient cisterns.

2. Surgical  considerations.  The  standard  approach  for  P-comm  aneurysms  is  a 

pterional  craniotomy;  resection  of  the  anterior  clinoid  process  can  improve 

access to the proximal ICA. P-comm aneurysms have a tendency to rupture or 

rerupture during surgery at a higher rate than other aneurysms, 196 particularly with retraction of the temporal lobe.197

3. Endovascular  treatment.  Endovascular  access  and  coiling  P-comm  aneurysms 

is  usually  uncomplicated,  although  P-comm  aneurysms  seem  to  have  a  ten-

dency  to  be  relatively  wide-necked.  Sometimes  these  aneurysms  arise  at  a 

bizarre  reverse  angle  from  the  parent  vessel,  requiring  the  use  of  sharply 

curved, preshaped microcatheters to access the lesion. Stent-assisted coiling is 

appropriate for unruptured wide-necked P-comm aneurysms. In patients with 

SAH due to a wide-necked P-comm aneurysm, capping of the dome with coils 

can protect against rerupture in the acute phase after SAH, with more defini-

tive stent-assisted coiling of the remnant at a later date.

 

ANTERIOR CHOROIDAL ARTERY ANEURYSMS

Anterior  choroidal  artery  aneurysms  account  for  4%  of  all  intracranial  aneu-

rysms. They tend to be small (average size in one series was 4 mm), 198 and project in an inferior and posterior direction. In most cases they arise near or adjacent to the origin  of  the  anterior  choroidal  artery,  although  in  18%  of  patients  the  aneurysm originates entirely or in part from the anterior choroidal artery itself.199 In treatment of  these  aneurysms,  preservation  of  the  anterior  choroidal  artery  is  critical,  as  the vessel  is  notorious  for  having  poor  collateral  circulation  to  the  proximal  territory  of the anterior choroidal, which, unfortunately, is just that part of this vessel that sup-plies  the  internal  capsule.  Ischemic  stroke  from  occlusion  of  the  anterior  choroidal artery, described as Anterior Choroidal Syndrome, can cause contralateral hemiple-gia, hemianesthesia, and hemianopia, although in a series of ischemic complications with surgery for anterior choroidal aneurysms, sensory and visual changes were less consistent than motor deficits:199

1. Presentation.  Most  anterior  choroidal  artery  aneurysms  present  with  SAH  or 

are incidental findings. Much less commonly, they can present with acute third 

cranial  nerve  palsy  or  cerebral  ischemic  symptoms  from  embolization  of  the 

intraluminal thrombus.

2. Surgical considerations. Anterior choroidal aneurysms are accessible via a pteri-

onal craniotomy. The greatest technical challenge occurs because the aneurysm 

usually appears on the side of the ICA opposite to the surgeon’s approach, and 

visualization  of  the  anterior  choroidal  artery  origin  can  be  problematic.  In  a 

series of 50 patients undergoing surgery for anterior choroidal aneurysms, 16% 

of  patients  had  anterior  choroidal  territory  ischemic  strokes.199  Most  of  these strokes occurred in a delayed fashion, 6–36 h after surgery.

3. Endovascular  treatment.  The  small  size  of  anterior  choroidal  aneurysms  and 

the  orientation  of  the  aneurysm,  at  a  right  angle  to  the  axis  of  the  ICA,  can 

make coiling these lesions tricky. Published results, however, are encouraging. 

In a series of 18 patients undergoing coiling of anterior choroidal aneurysms, 

the  overall  complication  rate  was  11%.198  There  was  one  treatment-related death due to aneurysm perforation, and another patient developed a transient 

contralateral  hemiparesis.  No  rehemorrhages  occurred  during  an  average 

follow-up of 14 months.

 

CAROTID BIFURCATION ANEURYSMS

The  internal  carotid  bifurcation  is  the  location  of  some  5%  of  all  intracranial 

aneurysms, and men and women appear to be affected equally. 200 Some data suggest that  these  aneurysms  hemorrhage  at  a  lower  age  than  aneurysms  in  other  loca-tions. 200 These aneurysms tend to arise on the side of A1, at an average distance of 1.6 mm (between the midline of the ICA and the midline of the aneurysm neck).201
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Together,  the  ACA  and  A-comm  are  the  most  common  location  for  intracranial 

aneurysms, accounting for some 39% of all ruptured aneurysms.202

 

ANTERIOR COMMUNICATING ARTERY ANEURYSMS

The A-comm is the single most common site of aneurysms presenting with SAH. 

Like P-comm aneurysms, both surgery and endovascular treatment of A-comm aneu-rysms are often relatively straightforward, and therefore each approach is generally valid. Some 45% of the aneurysms randomized in ISAT were A-comm aneurysms:158

1. Presentation.  On  CT  there  is  typically  a  clot  in  the  interhemispheric  fissure. 

Intraventricular  hemorrhage  is  present  in  79%  of  cases,  and  acute  hydro-

cephalus  occurs  in  25%  of  patients.203  Hyponatremia  occurs  more  frequently 

in  patients  with  ruptured  A-comm  aneurysms  (51%)  than  in  patients  with 

ruptured aneurysms in other location, presumably because of the proximity of 

the A-comm complex to the hypothalamus.204 Another common consequence of 

SAH  due  to  a  ruptured  A-comm  aneurysm  is  cognitive  dysfunction,  occasion-

ally referred to as the “A-comm Syndrome.” Features of this syndrome include 

short-term  memory  impairment,  personality  changes,  and  confabulation,  and 

are attributed to injury to the basal forebrain.205 Some data suggests that surgi-

cal patients have higher chance of memory and frontal lobe executive function 

deficits compared to patients treated with endovascular means.206

2. Surgical  considerations.  The  standard  surgical  approach  for  A-comm  aneu-

rysms  is  a  pterional  craniotomy.  Opening  of  the  Sylvian  fissure  and  partial 

resection  of  the  gyrus  rectus  are  maneuvers  that  can  enhance  access  to  the 

A-comm  region.  The  orientation  of  the  aneurysm  strongly  affects  the  ease  of 

surgery; larger, inferiorly directed aneurysms can make surgical access to the 

contralateral A1 – necessary for proximal control – challenging.

3. Endovascular treatment. Several studies of endovascular treatment of A-comm 

aneurysms  have  been  published.153,207,208  Technical  factors  that  can  limit 

endovascular treatment are the acute angle formed by the A1 segment relative 

to the ICA (which can make catheter access difficult), the relative small size of 

A-comm aneurysms, and the difficulty, in some cases, of adequate fluoroscopic 

visualization  of  the  A-comm  complex  during  the  procedure.  A  recent  analysis 

of  123  patients  with  A-comm  aneurysms  reported  that  successful  emboliza-

tion was accomplished in 70% of patients.208 Embolization was attempted but 

not  successful  in  9.8%  of  patients.  At  a  mean  follow-up  of  8.6  months,  some 

degree of recanalization was observed in 33.3% of cases. Anteriorly projecting 

aneurysms  were  more  likely  to  be  successfully  coiled  than  either  inferiorly  or 

posteriorly/superiorly directed aneurysms, and inferiorly projecting aneurysms 

and wide-necked aneurysms had significantly higher rates of recanalization.

4.  The authors of this handbook prefer surgery in younger patients, and endovas-

cular  treatment  in  older  patients,  and  in  those  with  complex  or  inferiorly 

directed aneurysm anatomy.

 

DISTAL ANTERIOR CEREBRAL ARTERY ANEURYSMS

ACA aneurysms arising distally to the A-comm artery comprise about 5% of all 

intracranial aneurysms. 209 Most are located at the A2–A3 junction (usually referred to  as  pericallosal  artery  aneurysms);  however  aneurysms  are  also  often  located  on the A2 and A3 segments. Some 41% of patients with distal ACA aneurysms have one or  more  additional  intracranial  aneurysms.209  Although  an  azygous  A2  is  found  in <1% of the general population,210 the anatomical variant is strongly associated with aneurysms;  some  41%  of  azygous  A2  segments  have  a  terminal  aneurysm.211  The distal ACA is also a common site for traumatic aneurysms; some 25–30% of traumatic aneurysms are located on the distal ACA:212,213

1. Presentation.  Ruptured  distal  ACA  aneurysms  appear  with  an  intracerebral 

hematoma  in  50%  of  cases214,215  or  an  interhemispheric  subdural  hematoma. 

Patients  with  a  ruptured  distal  ACA  aneurysm  tend  to  present  at  a  poorer 

grade compared to patients with aneurysms at other locations; some 60–63% of 

patients present with a Hunt and Hess grade of 3 or higher.215,216

2. Surgical  considerations.  The  surgical  approach  depends  on  the  location  of 

the  aneurysm.  Aneurysms  <1 cm  distal  to  the  A-comm  aneurysm  may  be 

approached  via  a  pterional  craniotomy.  Aneurysms  in  the  proximity  of  the 
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genu  of  the  corpus  callosum  usually  require  a  bicoronal  skin  incision,  frontal 

craniotomy, and interhemispheric approach. More distal aneurysms (“supracal-

losal” aneurysms) can be approached with a horseshoe skin flap and a posterior 

frontal craniotomy.

3. Endovascular treatment. Distal ACA aneurysms are typically small and located 

some distance along the ACA, making endovascular treatment challenging in 

some  cases.217  Pericallosal  aneurysms,  particularly  those  associated  with  an azygous A2, are the most accessible (Fig. 1.26).

13.3.5.6.    Middle cerebral artery aneurysms

Middle cerebral artery aneurysms constitute about 20% of all intracranial aneu-

rysms  and  are  the  third  most  common  cause  of  aneurysmal  SAH.218,219  Mirror  MCA aneurysms  occur  in  up  to  11%  of  patients,  and  patients  with  MCA  aneurysms  also have  an  increased  incidence  of  pericallosal  artery  aneurysms.220  Some  85%  of  MCA aneurysms arise at the bifurcation, 10–15% are located along the M1 segment, 218 and the remaining MCA aneurysms, appearing on the M2–4 segments, are more likely to be infectious or inflammatory in origin.221 The anatomy of the MCA makes the vessel somewhat  unique  compared  to  other  common  aneurysm  locations.  The  MCA  trunk forms a true bifurcation, giving rise to two M2 divisions, in about 80% of cases; in 12% of cases there is a trifurcation, and in the remaining cases there are multiple branches.222 MCA aneurysms project laterally in 45% of cases and inferiorly in 38% of cases:220

1. Presentation.  Unruptured  MCA  aneurysms  are  less  likely  to  be  symptomatic 

than  aneurysms  at  other  locations.223  Cerebral  ischemic  phenomena  such  as TIAs and stroke are more likely to occur with MCA aneurysms than with others. 

Patients with seizure disorders attributable to an unruptured MCA aneurysm 

have  been  reported.224,225  Ruptured  MCA  aneurysms  are  commonly  associated with intracerebral hematomas, which are found in nearly 40% of cases.226

2. Surgical  considerations.  There  are  three  surgical  approaches  to  MCA  aneu-

rysms. The medial transsylvian approach provides early access to the ICA for 

proximal control, and is often favored for surgery on ruptured MCA aneurysms. 

The lateral transsylvian approach is advantageous because it minimizes frontal 

and temporal lobe retraction and is useful for distal aneurysms, for aneurysms 

that project in an anterior direction, and for cases with a long MCA trunk.227 The superior temporal gyrus approach is the preferred approach when evacua-

tion of an intracerebral hematoma is required.228

3. Endovascular treatment. Aneurysms at the M1 segment terminus are typically 

wide-necked  and  eccentric  toward  one  division,  and  the  aneurysm  neck  may 

incorporate one or more branches. Coil embolization can be difficult to accom-

plish without risk of stenosis or occlusion of at least one division. In addition, 

the  wide-neck  configuration  leads  to  a  relatively  high  surface  area  of  the  coil 

mass exposed to blood flowing past the aneurysm after coiling, raising the risk 

of  platelet  activation  and  thromboembolic  complications.  In  an  early  report, 

published in 1999, coil embolization was attempted but unsuccessful in 85% of 

cases.229 Improved technique and better case selection has led to better results in  recent  publications.140,230  Doerfler  and  colleagues  reported  complete  occlu-sion in 33 of 38 MCA aneurysms treated with coiling.230 Thromboembolic occlu-sion  occurred  in  five  patients  (13%),  although  recanalization  of  the  occluded 

vessel was obtained in four of these patients with thrombolytic treatment.230 In a  series  of  154  MCA  aneurysms  treated  with  coiling,  thromboembolic  compli-

cations occurred in 13.4% of cases, and recanalization was found on follow-up 

angiography  in  20%  (mean  follow-up  15  months).140  The  advent  of  3D  angi-ographic imaging during endovascular treatment of complex MCA aneurysms 

has greatly improved the ability to safely treat these aneurysms.

13.3.5.7.    Posterior circulation aneurysms

Posterior circulation aneurysms comprise about 15% of all intracranial  aneurysms.

 

BASILAR APEX

Some 50% of all posterior circulation aneurysms are located at the basilar apex. 

In a systematic review of endovascular treatment of posterior circulation aneurysms, 82% were basilar apex aneurysms:231
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1. Presentation.  If  large  enough,  unruptured  basilar  apex  aneurysms  can  cause 

a  third  cranial  nerve  palsy  or  brainstem  compression,  or,  rarely,  interference 

with  the  optic  chiasm.232  The  pattern  of  blood  seen  on  the  CT  after  SAH  can 

be similar to that seen with some anterior circulation ruptured aneurysms and 

perimesencephalic aneurysmsal SAH.

2. Surgical considerations. Surgery of the basilar apex is challenging because of 

the location, the presence of brainstem perforating vessels, and the difficulty of 

obtaining proximal control:

(a)  Approach. An array of approaches to the basilar apex exist and selection 

of the surgical approach usually depends on the height of the aneurysm 

relative  to  the  posterior  clinoid  process.  The  transsylvian  approach  is 

typically  employed  for  relatively  “high”  basilar  apex  aneurysms,  origi-

nating between the midlevel of the sella turcica and about 1 cm superior 

to the posterior clinoid. A subtemporal approach provides better access 

to  low-lying  and  posteriorly  projecting  aneurysms.  An  orbitozygomatic 

osteotomy and division of the tentorium are maneuvers that can enhance 

access to the basilar apex. Intraoperative hypothermic cardiac arrest is 

another strategy that can reduce the chance of ischemic injury, particu-

larly with large and giant aneurysms. A major priority of surgery of the 

basilar  artery  is  preservation  of  the  numerous  brainstem  perforating 

vessels that arise in this region.

(b)  Complications. Postoperative third cranial nerve palsy is common, occur-

ring  32–52.8%  of  cases;233,234  however  complete  resolution  of  the  palsy occurs in 80% of patients within 6 months.234 Younger patients and poste-riorly pointing aneurysms are risk factors for third cranial nerve palsy.

3. Endovascular treatment. Because of the technical difficulty with surgery, and 

the relative ease of catheter access, coiling has become the treatment of choice 

for basilar apex aneurysms in most centers. Randomized data is not available; 

in ISAT, only 17 (0.7%) of the cases were at the basilar apex.158 In a review of six 

basilar  apex  aneurysm  coiling  series,  the  procedural  morbidity  was  6.6%  and 

the procedural mortality was 1.3% (both ruptured and unruptured aneurysms 

were included in these figures).235 In a recent series of 316 coiled basilar apex 

aneurysms, a 90–100% occlusion was obtained in 86% of cases, and the overall 

complication  rate  was  19%.235  The  end-artery  position  of  basilar  apex  aneu-

rysms may make them more vulnerable to recurrence after coiling. At a mean 

follow-up period of 19 months, coil compaction was evident in 24% of cases.235

 

How Many Names Can There Be?

Aneurysms at the basilar apex have been called by a variety of names, includ-

ing basilar summit,14 basilar top,236 basilar tip,237 basilar terminus,238 and basilar 

bifurcation. Although the authors consider terms such as “summit” and “top” to 

be quaint, they prefer the term basilar apex aneurysm.

 

POSTERIOR CEREBRAL ARTERY

PCA  aneurysms  are  uncommon,  comprising  some  1%  of  all  intracranial  aneu-

rysms. 239-241                                                                              242  They  have  a  predilection  for  the  P1  and  P2  segments  and  they  are frequently discovered at an earlier age than aneurysms in other anatomic sites. 239 In addition,  they  are  more  likely  to  be  large  or  giant  compared  to  aneurysms  at  other locations,243 242  and have a relatively high incidence of coexisting vascular dysplasias.

1. Presentation.  Most  PCA  aneurysms  present  with  SAH.  Approximately  25% 

of  patients  present  with  hemianopia  or  oculomotor  disturbances.242,244  Giant 

aneurysms of the P3 segment can cause memory loss due to compression of the 

hippocampus.242

2. Surgical considerations. P1 aneurysms can be approached via a pterional crani-

otomy.245 Most aneurysms of the P2 segment can be approached subtemporally. 

P2  aneurysms  that  are  superior  to  the  tentorium  may  be  reached  transcorti-

cally  and  via  the  temporal  horn  of  the  lateral  ventricle  and  the  choroidal  fis-

sure.246 P3 aneurysms may be reached through the occipital interhemispheric 

fissure.

3. Endovascular  treatment.  Endovascular  strategies  include  coil  embolization  or 

sacrifice  of  the  parent  vessel.  In  a  series  of  20  patients  with  PCA  aneurysms 

treated  with  endovascular  techniques,  66%  were  treated  with   preservation  of 
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the parent vessel and in the remaining 33% the parent vessel was occluded.242 The overall permanent morbidity rate was 10% with no mortality. Endovascular 

occlusion  of  the  PCA  should  be  done  distal  to  the  P1  segment,  to  preserve 

important brainstem and thalamic perforators. It is often well tolerated due to 

well-developed  collateral  circulation  between  the  distal  PCA  and  the  anterior 

circulation and other branches of the vertebrobasilar system. In a series of nine 

P2 segment aneurysms cases which were treated with occlusion of the parent 

vessel, no neurologic deficits occurred after treatment. 247

 

SUPERIOR CEREBELLAR ARTERY ORIGIN

Most superior cerebellar artery aneurysms arise from the lateral basilar artery 

wall, in the crotch between the origins of the PCA and SCA. Many surgical series have combined SCA aneurysms with basilar apex aneurysms. Because of the lateral posi-tion of these aneurysms, surgery is somewhat more straightforward than surgery for basilar apex aneurysms. Moreover, the approach is similar and the risk of postopera-tive third cranial nerve palsy (39%) is also comparable. 234 SCA aneurysms are typi-cally small and arise from the basilar artery at a 90° angle, characteristics that can make endovascular treatment challenging. In a series of 12 SCA aneurysms treated with coiling, complete occlusion was obtained in 50%, and procedural morbidity was limited to one SCA territory infarct with good recovery. 248

 

DISTAL SUPERIOR CEREBELLAR ARTERY

Distal SCA aneurysms are rare and usually present with SAH or fourth cranial 

nerve dysfunction. 249-251 They are also frequently associated with an AVM or are trau-matic in origin.249,252

Distal SCA aneurysms can be treated effectively with endovascular parent vessel 

sacrifice,253-255  particularly  since  the  collateral  circulation  between  the  SCA  and  the AICA and PICA, and even the proximal PCA is generally well developed.

 

BASILAR TRUNK

Aneurysms  of  the  basilar  artery  trunk  are  rare,  comprising  <1%  of  all  intrac-

ranial  aneurysms,  and  8%  of  vertebrobasilar  aneurysms.256  Approximately  twice  as many  are  located  in  the  upper  basilar  artery  as  there  are  in  the  lower  part  of  the vessel 257:

1. Presentation. Basilar trunk aneurysms typically present with SAH; large and 

giant aneurysms may present with brainstem or cranial nerve symptoms.

2. Surgical  considerations.  Surgery  in  this  region  is  impaired  by  the  petrous 

bone, which interferes with direct surgical access to this region. Surgical series 

reports complete aneurysm occlusion rates ranging from 34 to 91%.258-260

3. Endovascular treatment. Coil embolization of basilar trunk aneurysms is pre-

ferred in most centers because of the difficulty with surgery and because cath-

eter access to this region is relatively easy. The technical ease of endovascular 

treatment was illustrated by a series in which the average procedure time was 

only 61 min.261 A number of endovascular series have reported generally favora-ble results, although basilar trunk aneurysms may tend to recur after coiling. 

In a report of 14 cases of coiling of basilar trunk aneurysms with an average 

follow-up of 20 months, recanalization occurred in 4 (28.6%).262 An alternative strategy  is  parent  vessel  sacrifice.  Surgical,263  or  endovascular  basilar  trunk occlusion  can  be  relatively  safe  and  effective  in  carefully  selected  patients.264 The authors caution that management of patients after basilar artery occlusion 

can be challenging.

 

ANTERIOR INFERIOR CEREBELLAR ARTERY

Aneurysms  of  the  anteroinferior  cerebellar  artery  (AICA)  usually  arise  at  the 

origin of the vessel. In a series of 3,500 aneurysms treated with surgery, AICA aneu-rysms comprised 1.3%. 265 Most surgical series combine AICA aneurysms with basilar trunk aneurysms. AICA aneurysms typically present with SAH, although brainstem compression is a feature in some 20% of cases.265 Like SCA aneurysms, AICA aneu-rysms can be associated with an AVM.266 Surgical strategies include the retrosigmoid, transpetrosal, far lateral, and subtemporal-transtentorial approach. Possibly because of their infrequency, relatively few reports of endovascular treatment of AICA origin aneurysms have been published so far. Of four basilar artery/AICA aneurysms treated 

 

458                  13.3. Aneurysm treatment                                  INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE with coiling, complete occlusion was obtained in two and excellent or good outcomes were had by all.262

Distal  AICA  aneurysms  are  rare,  and  usually  arise  from  the  rostral  branch  of 

the vessel. 265 They typically present with SAH, and hearing loss may be present due to involvement of the internal auditory artery.267 Endovascular occlusion of the par-ent vessel distal to the origin of the internal auditory artery is feasible for treatment of  these  aneurysms  because  the  collateral  circulation  in  this  region  is  usually  well developed.268

 

VERTEBROBASILAR JUNCTION

Vertebrobasilar junction aneurysms arise at the confluence of the vertebral arter-

ies,  and  are  very  uncommon,  accounting  for  some  3–4%  of  all  posterior  circulation aneurysms.257  They  are  frequently  associated  with  vertebrobasilar  fenestrations.269 Dissecting  aneurysms  have  a  tendency  to  appear  in  this  location.270 Surgical  access to this region is limited. Endovascular options include primary coiling, stenting and stent-assisted coiling, and parent vessel sacrifice. Because aneurysms at this location may be filled from both vertebral arteries the resulting hemodynamic stress may lead to a relatively high risk of recanalization after coiling. In one series, three out of five VBJ  aneurysms  required  permanent  occlusion  of  one  or  both  vertebral  arteries.262 A potential hazard is occlusion of brainstem perforators or the anterior spinal artery; in  a  series  of  basilar  artery  aneurysms,  two  out  of  three  ischemic  complications occurred in VBJ aneurysms.262

 

DISTAL VERTEBRAL/PROXIMAL PICA

Aneurysms of the vertebral artery at the origin of the PICA comprise about 2% of 

all intracranial aneurysms, and 80% of aneurysms involving the PICA.271 They tend to be relatively small (<12.5 mm).271 Fusiform, nonsaccular aneurysms are more common in the distal vertebral artery than at other locations, and dissecting aneurysms are also more common, accounting for 28% of intracranial vertebral artery aneurysms in one series:272

1. Presentation.  The  most  frequent  presentation  of  PICA  origin  aneurysms  is 

SAH,  and  intraventricular  hemorrhage  along  with  acute  hydrocephalus  are 

present  in  >95%  of  these  cases.273  Some  9–12%  of  distal  vertebral  or  PICA 

origin aneurysms present with symptoms of mass effect or ischemia.274

2. Surgical  considerations.  Aneurysms  at  the  PICA–vertebral  junction  usually 

occur at least 1 cm above the foramen magnum and arise distally to the PICA 

origin  in  the  angle  between  the  two  vessels.  A  far  lateral  suboccipital  crani-

otomy usually provides adequate access. When clipping of the aneurysm with 

preservation of the PICA is not feasible, a PICA–PICA bypass is an option.275

3. Endovascular  treatment.  Recent  reports  of  endovascular  treatment  of  PICA 

aneurysms are encouraging. In a series of 31 patients treated with coiling for 

proximal  PICA  aneurysms,  angiographic  occlusion  was  achieved  in  30  (97%) 

patients.276 Procedural complications occurred in three (10%) patients, includ-

ing  one  aneurysm  rupture  during  coiling,  one  minor  PICA  ischemic  stroke, 

and one temporary femoral neuropathy. No recanalizations were observed at a 

mean angiographic follow-up of 9 months.

 

DISTAL PICA

Distal  PICA  aneurysms  account  for ≤1%  of  all  intracranial  aneurysms.271,277,278

They may arise from any segment of the PICA but typically occur at branching sites and  at  curves  in  the  vessel,  and  project  in  the  direction  in  which  flow  would  have continued  if  the  curve  had  not  been  present. 271  They  are  commonly  associated  with AVMs and other vascular abnormalities, such as dural AV fistulas.277,279 Unlike distal aneurysms in other vascular territories, which are often mycotic or traumatic, distal PICA aneurysms are usually sporadic and are almost never related to an infectious etiology.  Men  and  women  are  affected  equally.277,280  Most  authors  recommend  treat-ment of unruptured distal PICA aneurysms of any size, as a significant percentage of ruptured distal PICA aneurysms are <5 mm in size:277,281

1. Presentation. The majority of distal PICA aneurysms present with hemorrhage, 

and intraventricular hemorrhage and acute hydrocephalus are common.277,279

2. Surgical considerations. The surgical approach depends on the location of the 

aneurysm;  aneurysms  arising  from  the  most  distal  part  of  the  PICA,  the  tel-

ovelotonsillar and cortical segments can be approached via a midline suboccipital 
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craniectomy. More proximal PICA aneurysms, of the anterior and lateral med-

ullary segments, usually require a far lateral suboccipital approach. Sacrifice 

of the PICA is a valid strategy for the treatment of distal PICA aneurysms, and 

is generally agreed to be safe when it is done distally to the portion of the PICA 

that  gives  rise  to  important  perforating  vessels  (i.e.,  distal  to  the  choroidal 

point, or the top of the cranial loop).281 For aneurysms of the proximal segments of the PICA that cannot be clipped with preservation of the parent vessel, trap-

ping with a PICA–PICA bypass is an option.275

3. Endovascular treatment. Endovascular treatment can be problematic due to the 

difficulty of navigating a catheter into the distal PICA, and because distal PICA 

aneurysms  tend  to  be  relatively  wide-necked.  Therefore,  parent  vessel  occlu-

sion, when possible, is usually the most feasible endovascular approach.255 Very distal aneurysms may require treatment with acrylic glue, rather than coils, if 

soft, flow-directed catheters must be used to catheterize the distal vessel.

13.3.5.8.    A brief history of endovascular treatment 

of intracranial aneurysms

The first successful case of the treatment of an intracranial aneurysm by “elec-

trothrombosis”  was  reported  in  1941.282  For  the  treatment  of  an  ICA  aneurysm, “thirty feet of No. 34 gauge coin silver enamel wire was introduced into the aneurysm through a special needle” advanced through the orbit, and the wire was “heated to an average temperature of 80°C for a total of 40 seconds. The aneurysm no longer bled when the needle was cleared at the end of the operation.” Further attempts to treat intracranial aneurysms by electrothrombosis via the stereotactic insertion of a needle passed through a burr hole and into the aneurysm were reported by Sean Mullan and colleagues in 1965. 283

Several creative approaches to aneurysm treatment were explored in the 1960s 

and 1970s. The “pilojection” technique involved the forcible injection of hog hairs or horse  hairs  into  the  aneurysm  with  a  pneumatic  gun.284  Stereotactic  magnetically guided embolization of aneurysms with iron particles was also investigated. 285

Alfred Luessenhop and A.C. Velasquez published the first report of an endovas-

cular attempt at the treatment of an intracranial aneurysm in 1964.286 They described an  effort  to  occlude  a  supraclinoid  aneurysm  with  a  silicone  balloon.  Inspired  by watching  helium  balloons  on  tethers  during  a  May  Day  celebration  in  Moscow  in 1959, Fedor Serbinenko, a Russian neurosurgeon, developed silicone and latex balloon catheters, initially intended for diagnostic procedures. The balloon at the end of the catheter was used for flow-directed navigation and temporary diagnostic occlusion of major cerebral arteries. Serbinenko accomplished his first successful detachable bal-loon embolization for sacrifice of an ICA to treat a carotid-cavernous fistula in 1969; the technique involved filling a balloon when it was positioned at the target site with silicone  polymer  and  detaching  it  by  severing  the  catheter  with  the  cutting  edge  of an arterial introduction needle.287 Later, technical refinements in the balloon detach-ment mechanism permitted placement of the detachable balloons within intracranial aneurysms.288

Although  balloon  embolization  of  intracranial  lesions  was  popularized  in  the 

late  1970s  and  1980s, 289,290  the  technique  had  several  drawbacks.  Placement  of  bal-loons  inside  aneurysms  was  problematic  because  no  guidewire  could  be  used,  and the preformed spherical or oval shapes of balloons limited their usefulness in aneu-rysms with complex shapes. In addition, a balloon placed inside an aneurysm could have  a  ball-valve  effect,  leading  to  an  accumulation  of  blood  inside  the  aneurysm, recanalization, and rupture.291 Because of these problems and the later introduction of  detachable  coils,  balloon  embolization  of  intracranial  lesions  has  trailed  off;  the last  manufacturer  of  detachable  balloons  in  the  US,  Boston  Scientific,  Inc.,  stopped selling them in the US because of low demand and regulatory issues with the FDA. Detachable balloons continue to be available in other countries, and will likely even-tually be reintroduced into the US, although it is doubtful that they will ever return as a potential treatment for aneurysms, except as a method for achieving large vessel parent artery occlusion.

Therapeutic  arterial  occlusion  with  endovascular  “pushable”  metal  coils  was 

originated for the treatment of lesions in the peripheral vasculature. 292 Although some operators (including the authors) have used pushable coils for the treatment of intrac-ranial aneurysms,293,294 pushable coils were severely hampered by their stiffness, and by  an  inability  to  manipulate  the  coil  inside  the  aneurysm  and  to  retrieve  each  coil, if  necessary,  after  it  is  deployed.  Continued  experimentation  with  electrothrombosis 

 

460                  13.3. Aneurysm treatment                                  INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE eventually  lead  to  the  development  of  detachable  coils.  Guido  Guglielmi,  an  Italian neurosurgeon, conceived of detachable coils serendipitously in the early 1980s. During the treatment of an experimental aneurysm with a stainless steel electrode to promote electrothrombosis, accidental detachment of the electrode tip occurred. Later, working with  engineers  at  Target  Therapeutics,  Inc.,  he  developed  the  Guglielmi  detachable coil (GDC, Boston Scientific/Target Therapeutics, Fremont, CA). The GDC coil system permits placement of a platinum alloy coil inside the aneurysm, through a microcath-eter; the coil remains attached to the pusher wire until it is in a satisfactory position. The operator then detaches the coil from the wire by applying a low-amplitude electri-cal  current  to  the  pusher  wire,  which  causes  electrolysis  of  the  connection  between the wire and the coil. Clinical use of GDC coils began in 1991, and in 1995 the FDA granted approval of GDC coils for the treatment of high-risk, inoperable, or ruptured intracranial aneurysms.

A number of technical refinements in the design of aneurysm coils have occurred 

over  the  last  decade.  An  array  of  shapes  and  sizes  of  coils  have  been  introduced. Stretch resistant coils contain a filament inside the coil to bind the distal end of the coil  and  resist  stretching  of  the  coil  when  tension  is  applied.  Alternative  detach-ment  systems  have  been  introduced,  some  of  which  (including  TruFill  DCS,  Cordis Neurovascular, Miami Lakes, FL) are hydraulic rather than electrolytic.

The  greatest  drawback  to  the  coiling  of  aneurysms  has  been  the  occurrence  of 

recanalization in a significant percentage of treated aneurysms over time, occurring in  as  many  as  approximately  20%  of  coiled  aneurysms  in  5  years.130 Bioactive  coils have  attracted  much  interest,  as  a  means  of  enhancing  thrombosis  and  eventual fibrosis  within  the  aneurysm  to  reduce  the  likelihood  of  recanalization.  Bioactive coils include the Matrix™ (Boston Scientific, Inc., Natick, MA) and Cerecyte™ (Micrus Endovascular, Sunnyvale, CA) systems, both of which contain polyglycolic–polylactic acid  (PGLA),  and  the  HydroCoil®  system  (Terumo  Medical/MicroVention,  Inc.,  Aliso Viejo,  CA),  in  which  the  coils  are  treated  with  a  gel  that  swells  upon  contact  with water  and  occupies  space  within  the  aneurysm.  Although  bioactive  coils  currently seem to occupy a significant niche in the industry, clinical evidence of their effective-ness in reducing recanalization rates is currently lacking.

The  treatment  of  wide-necked  aneurysms  can  be  problematic,  and  several 

techniques  and  devices  have  evolved  to  facilitate  coiling  of  these  lesions.  Balloon remodeling, a technique popularized by Jacques Moret,295 involves the positioning of a temporary balloon in the parent vessel adjacent to the aneurysm neck. The balloon is inflated and permits the placement of a nest of coils within the aneurysm, which are  stable  once  the  balloon  is  deflated  and  removed.  Stent-assisted  coiling  involves the deployment of a thin wire mesh stent in the parent vessel across the neck of the aneurysm; a microcatheter is then guided through the interstices of the stent for coil deployment.  The  stent  acts  as  a  scaffold  to  prevent  the  coils  from  prolapsing  into the  parent  vessel.  The  Neuroform™  stent  (Boston  Scientific,  Natick,  MA),  designed specifically  for  the  treatment  of  wide-necked  aneurysms,  is  currently  in  its  third generation. Another stent for the treatment of aneurysms, the Enterprise™ Vascular Reconstruction  Device  (Cordis  Neurovascular,  Miami  Lakes,  FL)  received  an  FDA Humanitarian Device Exemption in 2007.

The International Subarachnoid Aneurysm Trial (ISAT) (see below) was the first 

multicenter,  randomized  trial  to  compare  surgery  coiling  in  patients  with  ruptured aneurysms.  The  results  of  the  trial,  which  demonstrated  a  significant  advantage  to coiling in 1-year outcomes, led to greater acceptance of the use of coils in all types of intracranial aneurysms.

 

13.4.      Subarachnoid hemorrhage

 

This  section  will  focus  on  aneurysmal  SAH,  which  accounts  for  approximately 

80% of all nontraumatic SAH cases. 296 Traumatic SAH is considered separately below. The remaining ~20% of spontaneous SAH:

1.  Angiographic work-up is negative in approximately in some 15–20% of patients 

with spontaneous SAH.297

2. Perimesencephalic nonaneurysmal subarachnoid hemorrhage (PMSAH) – a dis-

tinct entity with characteristic clinical and imaging features and an excellent 

prognosis:

(a)  Overall  incidence:  0.5  per  100,000  persons  age ≥18,298 representing 

approximately 5% of all SAH.
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(b)  Diagnosis:

●      Patients  typically  present 

as HH 1 or 2.

●      Usual  CT  appearance: 

Hemorrhage  is  centered 

anterior  to  the  pons  (Fig. 13.5), although a posterior variant has been described, 

with  the  hemorrhage  pri-

marily  in  the  in  the  quad-

rigeminal cistern.299

●      Radiographic  work-up  is 

negative for an aneurysm.

(c)  Mechanism    is     unknown, 

although  a  venous  source  is 

suspected.  PMSAH  is  associ-

ated with a pattern of primitive 

venous  drainage  directly  into 

dural sinuses, instead of via the 

vein of Galen, as is seen in most 

patients with SAH.300

(d)  Outcome:  Excellent.  In  a  series     Fig. 13.5 CT appearance of perimes-

of  24  patients  with  this  syn- encephalic nonaneurysmal subarach-

drome, only one had a neurologi- noid hemorrhage. In patients with 

cal change (and it was transient),  perimesencephalic nonaneurysmal 

and no rebleeds occurred.301 subarachnoid hemorrhage, the pattern 

3.  Other causes of SAH302: of blood is frequently asymmetric and 

(a)  Intracranial arterial dissection. includes the ambient cisterns.

(b)  AVM.

(c)  Dural AVF.

(d)  Infectious aneurysms.

(e)  Infectious endocarditis.

(f)  Trauma.

(g)  Coagulation disorders.

(h)  Cocaine abuse.

(i)  Cervical origin of the hemorrhage (e.g., spinal AVM or fistula).

(j)  Cavernous malformations.

(k)  Vasculitis or other vasculopathy.

(l)  Intracranial tumor.

(m)  Sickle cell disease.

(n)  Pituitary apoplexy.

(o)  Intracranial venous sinus thrombosis.

 

13.4.1.     Aneurysmal SAH

 

13.4.1.1.    Incidence

1.  Global annual incidence of aneurysmal SAH is approximately 10/100,000.303-305

2.  Some 21,000–33,000 new cases of SAH occur in the US each year. 107

3.  Mean age at presentation: 55 years.306

4.  Risk of SAH for women is 1.6 times that of men, and compared to Caucasians, 

the risk for African Americans and for Hispanics is elevated by a factor of 1.6 

and  1.3,  respectively.305  Other  risk  factors  for  SAH,  such  as  connective  tissue disorders and smoking, are discussed above.

13.4.1.2.    Diagnosis

PRESENTATION

It is typically described as the “worst headache of my life.” Nausea and vomiting, 

meningismus, diminished level of consciousness, focal neurological findings, and the presence of risk factors for SAH should raise suspicion of aneurysmal SAH:

1.  Vomiting occurs in up to 70% of patients with aneurysmal SAH.307
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2.  A history of “sentinel headache” is present in 10–43% of patients, and may be 

the only presenting symptom of SAH.308

3.  Intraocular hemorrhage occurs in approximately 17% of patients with SAH:309, 310

(a) Terson Syndrome, i.e., hemorrhage in the vitreous humor, has been seen in 

8–17%, and is associated with a significantly elevated mortality rate.310, 311

(b)  Subhyaloid  (i.e.,  preretinal)  hemorrhage  is  seen  in  11–33%  of  cases, 

and appears fundoscopically as bright red blood near the optic disc that 

obscures the retinal vessels.312

4.  Seizures with the onset of SAH occur in approximately 6% of patients.313

RADIOGRAPHIC WORK-UP

1.  The characteristic appearance of aneurysmal SAH on CT is hyperdense blood 

in the cisterns and fissures.

2.  CT  is  falsely  negative  in  some  2.5–7%  of  aneurysmal  SAH  cases.314  Because 

blood can be cleared from CSF spaces relatively rapidly, the sensitivity of CT 

drops to 50% at 7 days.315

(a)  When the clinical suspicion for SAH is high but CT is negative, lumbar 

puncture (LP) is indicated, to detect blood in the CSF:

●   Optimal results are obtained if at least 6 h, and preferably 12, have 

elapsed  between  the  onset  of  the  headache  and  the  LP,  to  permit 

lysis of the red blood cells and the appearance of xanthochromia (a 

yellow tinge after centrifugation).316

●   Technique: Four sequential aliquots of CSF are collected; the first 

and fourth tubes are sent for cell count and differential. The speci-

mens should be examined for the presence of xanthochromia.

●   True LP evidence of SAH can be distinguished by the presence of 

xanthochromia  (a  yellow  tinge  after  centrifugation)  or  by  a  sig-

nificant drop (defined as ≥25% in one study)317 in the red blood cell count between the first and fourth tube.

3.  CT  angiography  (CTA)  is  rapidly  replacing  catheter  angiography  as  the  first-

line study in the work up of spontaneous SAH:

(a)  CTA  has  sensitivity  in  the  detection  of  intracranial  aneurysms  that  is 

comparable or even superior to angiography. 318, 319

(b)  CTA carries less risk and expense than angiography, and has the addi-

tional  advantage  of  demonstrating  bony  anatomy,  which  is  helpful  in 

surgical planning.

(c)  The authors believe that the era of the late-night angiogram for patients 

with SAH, in anticipation of surgery or coiling the next morning, is com-

ing to an end.

4.  Catheter angiography remains the “gold standard” for imaging the intracranial 

vasculature  and  is  indicated  for  cases  in  which  the  CTA  does  not  explain  the 

hemorrhage.

5.  Angiogram-negative SAH:

(a)  A brain and cervical-spine MRI should be obtained. Causes of SAH that 

may not be detected on a cerebral angiogram include cavernous malfor-

mations,  vasculitis,  and  spinal  vascular  malformations  or  tumors.  MR 

imaging revealed abnormalities in 14% of patients with angiographically 

negative  SAH,  and  resulted  in  a  significant  change  in  management  in 

6% of patients.320

(b)  A  repeat  angiogram  may  be  needed.  An  aneurysm  can  be  obscured  on 

the initial angiogram because of thrombosis or vasospasm. The combined 

result of a second angiogram in eight reported series was 30 aneurysms 

in 177 patients (17%). 321

Table 13.8 Hunt–Hess scale

Grade                            Description

1          Asymptomatic, mild headache, slight nuchal rigidity

2 Moderate-to-severe headache, nuchal rigidity, no neurological deficit other than cranial 

nerve palsy

3          Drowsiness/confusion and/or mild focal neurological deficit

4          Stupor, moderate-to-severe hemiparesis

5          Coma, decerebrate posturing

From reference 322.
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Table 13.9 Fisher grading system for SAH

Fisher grade                     Appearance of blood on CT

1                       No subarachnoid blood visualized

2                       Diffuse or thin sheets (vertical layers < 1 mm thick)

3                       Localized clot and/or vertical layers (≥1 mm thick)

4 Diffuse or no SAH, but with intraventricular or intraparenchymal clot

From reference 323.

 

MORTALITY, MORBIDITY AND OUTCOMES

1.  SAH accounts for 4.4% of stroke mortality but 27.3% of all stroke-related years 

of potential life lost before age 65.324

2.  Mortality:

(a)  The  in-hospital  mortality  rate  is  26.3%,325  and  the  30-day  case  fatality 

rate is 38%. 326, 327

(b)  Prospective  studies,  which  include  deaths  occurring  prior  to  hospital 

admission, have shown consistently higher mortality rates, ranging from 

56 to 86%. 99, 328, 329

3.  Most deaths occur within 2 weeks of the initial hemorrhage, with 61% occurring 

within 48 h of the event. 330

4.  Patients with posterior circulation aneurysms are three times more likely to die 

before  reaching  the  hospital  or  within  the  first  48 h  after  SAH  than  patients 

with anterior circulation aneurysms. 331

5.  Some 10–20% of SAH survivors remain dependent.332

6.  Overall fatality and outcomes seem to have improved in recent decades.332,333

 

REBLEEDING AND TIMING OF TREATMENT

1.  Rebleeding prior to treatment:

(a)  The peak rate of rehemorrhage occurs in the first 24 h334 – the “spike of 

death” – and ranges as high as 17–19%. 335, 336, 337

(b)  The  rebleed  rate  appears  to  be  approximately  20%  within  the  first  2 

weeks of the ictus, 335, 338, 339                                    338 and 40% at 1 month:

●      The rate of rebleeding is roughly 2–3% per day.

(c)  Patients with higher Hunt and Hess grades and larger aneurysms are at 

higher risk of rebleeding.340

(d)  Rebleeding after SAH carries a mortality rate of up to 74%. 341, 342 (e)  Antifibrinolytic therapy:

●                                                                       ® Epsilon-aminocaproic  acid  (Amicar,  Wyeth-Ayerst,  Carolina,  PR) 

and  tranexamic  acid  are  synthetic  lysine  analogues,  which  block 

lysine binding sites on plasminogen molecules, inhibiting plasmin 

formation and thereby inhibiting fibrinolysis. 343

●   Prolonged  administration  of  each  agent  has  been  shown  to  protect 

against  recurrent  hemorrhage, 344-348  although  overall  outcome  did not  improve  due  to  aggravated  vasospasm  and  delayed  ischemia 

caused by these agents. 345, 348 In addition, some studies have reported a 24–48 h lag in the effectiveness of epsilon-aminocaproic acid. 349, 350

●   There  has  been  a  revival  in  interest  in  the  use  of  antifibrinolytic 

agents, specifically to protect against rebleeding in the short term, 

from the time of diagnosis to treatment of the aneurysm:

–  Leipzig  and  colleagues  circumvented  the  drawbacks  to  epsi-

lon-aminocaproic acid by using a loading dose – to overcome 

the  lag  in  effectiveness  –  and  limited  administration  of  the 

drug to a brief course, prior to early surgical intervention.351 The  overall  rebleed  rate  of  1.3%  compared  favorably  to  his-

torical controls.

–  A multicenter randomized trial of immediate administration 

of  tranexamic  acid,  prior  to  early  clipping  or  coiling  of  the 

aneurysm,  showed  a  reduction  in  the  rebleeding  rate  from 
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10.8 to 2.4% (p < 0.01) and an 80% reduction in the mortality rate from early rebleeding (          352 p < 0.05).

2.  Timing of treatment:

(a)  Several large-scale studies in the 1970s and 1980s showed that outcomes 

are  better  the  earlier  surgery  is  done  for  ruptured  aneurysms  in  most 

patients.353-355

(b)  The  primary  rationale  for  early  treatment  of  ruptured  aneurysms  is 

to  minimize  the  risk  of  rehemorrhage  and  to  undertake  the  procedure 

(surgery  or  coiling)  prior  to  the  onset  of  vasospasm,  when  the  risk  of 

complications from treatment may be greater.

3.  Long-term risk of recurrent SAH after aneurysm clipping:

(a)  In the first 10 years after the initial SAH, the cumulative risk of recur-

rent  SAH  after  clipping  is  3.2%,  with  an  incidence  of  286  per  100,000 

patient-years. 88  This  is  22  times  higher  than  expected  in  the  general population.

 

HYDROCEPHALUS

1.  Some degree of ventricular enlargement is common in SAH, occurring in about 

20% of patients.356-359 Often the ventricles, especially the temporal horns, will 

“flare” in the first day or two after the ictus, then return to normal:

(a)  50% of patients who have clinical hydrocephalus recover spontaneously 

within the first 24 h.358

2.  Hydrocephalus causing a depressed level of consciousness occurs in some 8% of 

patients.360

3.  Risk factors for acute hydrocephalus after SAH:

(a)  Intraventricular hemorrhage, diminished level of consciousness, increas-

ing  age,  posterior  circulation  aneurysm  site,  and  a  larger  volume  of 

subarachnoid blood. 361

4.  Ventriculostomy  prior  to  protection  of  the  ruptured  aneurysm  should  be 

reserved only  for  patients  with  a  diminished  level  of  consciousness  and  ven-

triculomegaly.

(a) Important. During the ventriculostomy procedure, care should be taken 

to avoid overdrainage of CSF, to prevent an abrupt change in intracranial 

pressure – and transmural aneurysm pressure – that may increase the 

risk of rehemorrhage:

●   Placement  of  a  ventriculostomy  is  associated  with  an  increased 

incidence of rebleeding.360, 362

(b)  The  ICP  after  ventriculostomy  should  be  maintained  at  or  above 

20–25 mmHg,  because  lower  values  have  been  associated  with  higher 

incidence of rebleeding. 363

(c)  For patients undergoing craniotomy for clipping, a ventriculostomy done 

at the time of surgery can produce brain relaxation and help with expo-

sure.

5.  Chronic hydrocephalus:

(a)  Incidence is unclear. Reports vary widely, with rates of shunt-dependent 

post-SAH hydrocephalus ranging from 20 to 63.4%.359, 364

●   The  indications  for  shunt  placement  typically  include  persistent 

or  progressive  ventriculomegaly,  chronic  headaches,  and  a  lack  of 

neurological improvement after SAH.

(b)  In a randomized trial, gradual weaning was not found to lead to a lower 

rate of chronic hydrocephalus compared to rapid weaning.364

(c)  The authors’ preference is to routinely obtain a head CT 1 month after 

SAH to check for progressive hydrocephalus.

 

SEIZURES

1.  Seizures after SAH occur in some about 8% of patients, and 90% occur in the 

first 24 h after aneurysm rupture.365-367

2.  Any patient who has a seizure after SAH should be evaluated with a CT to rule 

out recurrent hemorrhage.

3.  Prophylactic  anticonvulsant  treatment  was  routine  in  many  centers  until 

recently. Seizure prevention, usually with phenytoin, was felt to be necessary 

to minimize the risks of rebleeding and chronic seizure disorder. Accumulating 

evidence suggests that routine seizure prophylaxis is not advantageous, for the 

following reasons:
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(a)  In a multivariate model, seizures were not found to be associated with an 

increased risk of rebleeding. 340

(b)  The  majority  of  seizures  occur  prior  to  hospitalization  and  are  uncom-

mon after 7 days of hospitalization.367

(c)  Phenytoin exposure is associated with functional and cognitive disability 

after SAH. 368

(d)  Early seizures (within 1 week of SAH) are not a risk factor for late epi-

lepsy.366, 369

(e)  The  authors  of  this  handbook  prefer  to  reserve  anticonvulsants  for 

patients who have had, or are suspected to have had, a seizure.

4.  Treatment of seizures after SAH:

(a)  An active seizure can usually be controlled with lorazepam, 1–2 mg IV.

(b)  Load  with  phenytoin,  1 g  (or  17 mg  kg−1)  IV,  then  maintenance  dose  of 

100 mg PO/NG/IV TID.

(c)  Levetiracetam  (Keppra®,  UCB  Pharma,  Inc.,  Brussels,  Belgium)  is  a 

recently introduced anticonvulsant with a favorable side effect profile. 

Although the drug has not been studied in patients with seizures after 

SAH, it appears to be a good alternative to phenytoin. Typical starting 

dose is 500 mg PO/NG BID; can be increased to a total of 1,500 mg BID 

if necessary to control seizures. An IV form of the drug is not available 

and  serum  levels  cannot  be  monitored;  dosing  is  titrated  to  clinical 

effect (seizure elimination). Primary side effect is drowsiness, and the 

principle  drawback  is  that  it  is  expensive  compared  to  phenytoin  and 

valproic acid.

(d)  By  convention,  patients  who  have  seizures  after  SAH  should  be  main-

tained on an anticonvulsant for at least 6 months and then weaned off, 

depending on how the patient is doing.

(e)  In  most  states,  patients  with  a  history  of  seizure  after  SAH  must  be 

seizure-free  for  6  months  before  being  allowed  to  resume  driving  an 

automobile.

5.  The incidence of epilepsy after SAH (defined as ≥2 seizures at least 1 week after 

SAH) is 3–8%.369-371

(a)  In ISAT, there were significantly fewer seizures in patients undergoing 

coiling compared to craniotomy and clipping (see below). 157

 

13.4.2.     Associated medical problems

Medical  problems  are  a  major  source  of  morbidity  in  patients  with  SAH.  In  a 

study of 457 patients with SAH, 40% of patients had at least one life-threatening med-ical complication, and 23% of all deaths were attributable to medical complications.372 The occurrence of fevers, anemia, hyperglycemia, and acute hypoxia and hypotension related to neurogenic cardiac injury each have a significant impact on mortality and functional  outcome.373 There  is  a  growing  recognition  that  optimal  medical  manage-ment  of  SAH  patients  includes  tight  control  of  serum  glucose  and  electrolyte  levels and fluid volume.

 

13.4.2.1.    Hyperglycemia

Hyperglycemia  is  common  in  patients  with  SAH,  occurring  in  some  30%  of 

patients  and  is  an  independent  predictor  of  a  poor  outcome. 374,375, 376  Hyperglycemia in  this  setting  is  presumably  due  to  a  catecholamine  surge  and  generalized  stress response.377,378 379  Ischemic injury to the insula is also associated with hyperglycemia.

Hyperglycemia  exacerbates  cerebral  ischemic  injury.380,381  Hyperglycemia 

appears  to  worsen  cerebral  acidosis,  leads  to  free  radical  production382,  and  has direct  cerebrovascular  effects  that  can  worsen  ischemia.383 In  severely  ill  patients in a surgical ICU, intensive insulin therapy to maintain serum glucose at or below 110 mg  dL−1,  even  in  patients  without  diabetes,  was  shown  to  reduce  morbidity and  mortality. 384  A  preliminary  trial  of  glucose  and  insulin  infusions  to  maintain serum  glucose  within  a  target  range  of  5.0–7.0 mmol  L−1  (90–125 mg  dL−1)  in  SAH indicates that this strategy is safe, although larger trials to evaluate the benefit of this strategy are needed.
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HYPONATREMIA

Hyponatremia  occurs  in  as  many  as  30–43%  of  patients.385- 387  Although 

hyponatremia  typically  appears  within  days  of  SAH,  it  appears  >7  days  following SAH in 21.4% of patients.388 Hyponatremia is strongly associated with cerebral vasos-pasm (84% of patients with hyponatremia had symptomatic vasospasm389), and may be a causative factor.390 Hyponatremia is also associated with CT evidence of raised intracranial pressure 391:

1.  Risk factors for hyponatremia after SAH:

(a)  Aneurysmsal  SAH  (compared  to  angiogram-negative  spontaneous 

SAH).388 Hyponatremia occurs significantly more often in patients with ruptured anterior communicating artery aneurysms (51%) compared to 

patients with aneurysms in other locations.204

(b)  Third ventricular enlargement. 392 (c)  Diabetes, congestive heart failure, cirrhosis, and adrenal insufficiency.

2.  Cerebral  salt  wasting  (CSW)  is  defined  as  the  renal  loss  of  sodium  during 

intracranial  disease  leading  to  hyponatremia  and  a  decrease  in  extracellular 

fluid  volume.  CSW  must  be  distinguished  from  the  syndrome  of  inappropri-

ate ADH secretion (SIADH) because the primary treatment for SIADH, water 

restriction, will exacerbate hypovolemia in patients with CSW and may place 

them at risk of cerebral ischemia.

3.  CSW  appears  to  occur as  frequently  or  more  frequently  than  SIADH  in  neu-

rosurgical  patients.393  A  decrease  in  plasma  volume  of  >10%  occurs  in  some 

50% of patients with aneurysmal SAH394; this finding supports the notion that 

volume  depletion  –  and  thus  CSW,  when  hyponatremia  appears  with  volume 

depletion – is relatively common in SAH.

4.  The  mechanism  of  CSW  has  not  been  clearly  elucidated.  Intracranial  pathol-

ogy is thought to lead to a release of one or more natriuretic factors, causing 

natriuresis  and  diuresis.  Although  early  reports  implicated  atrial  natriuretic 

factor  (ANP)  as  the  primary  natriuretic  factor,  more  recent  data  has  linked 

an  increase  in  serum  levels  of  brain  natriuretic  factor  (BNP)  with  cerebral 

salt wasting.395 Serum levels of BNP are consistently elevated in patients with 

SAH.396, 397 BNP is released by the cardiac ventricles; sympathetic stimulation 

during SAH,398                                399 and during vasospasm, may cause release of BNP. BNP has 

also been localized to the hypothalamus,400 and may be released when that part 

of the brain is injured.396

5.  Diagnosis:

(a)  The  critical  feature  distinguishing  CSW  from  SIADH  is  volume  status; 

patients with CSW are hypovolemic, as evidenced by a negative water bal-

ance and diminished weight, and central venous pressure. Serum osmola-

lity, blood urea nitrogen concentration, and hematocrit may be elevated. 

In contrast, SIADH is invariably a normovolemic or hypervolemic state.

(b)  Urine  sodium  concentration  may  be  elevated  in  both  CSW  and  SIADH 

and  therefore  is  not  useful  in  this  setting.  Similarly,  serum  ADH  and 

ANP levels are also not helpful in distinguishing CSW from SIADH.

6.  Management:

(a)  CSW is treated with volume replacement and maintenance of a positive 

salt  balance.  IV  hydration  should  be  undertaken  with  0.9%  NaCl  (at 

least 100 mL h−1 or at a rate sufficient to match fluid losses). For most cases of mild and moderate cases of hyponatremia attributable to CSW, 

sodium  repletion  with  NaCl  tablets,  2 g  PO/NG  TID  is  sufficient.  For 

symptomatic CSW and a serum sodium level <130 mEq L−1), a 3% NaCl IV infusion may be necessary.

(b)  Overcorrection  should  be  avoided.  Rapid  correction  of  hyponatremia  is 

associated  with  central  pontine  myelinolysis.  Elevation  of  the  serum 

sodium level should not be faster than 0.7 mEq L−1   −1 h, for a maximum total daily change not to exceed 20 mEq L−1.

HYPERNATREMIA

Some degree of hypernatremia (serum sodium >150 mmol L −1) has been found in 

20% of patients375 and is an independent predictor of a poor outcome.387 Hypernatremia typically  arises  in  patients  with  SAH  as  the  result  of  mannitol  administration,  dia-betes  insipidus,  or  widespread  brain  injury.  Diabetes  insipidus  has  been  reported in  some  0.04%  of  subarachnoid  patients. 401  Treatment  of  hypernatremia  consists  of 
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HYPOKALEMIA

Some 27% of patients with SAH have hypokalemia.402 Hypokalemia can lead to 

QTc prolongation and serious ventricular arrhythmias. 403 Women are at higher risk of hypokalemia after SAH,404 and female sex and hypokalemia are independent risk factors for severe QTc prolongation in patients with SAH. 405 In a literature review of 1,139 patients with SAH, there were five cases of torsade de pointes, and all of these patients  were  hypokalemic.406  Serum  potassium  levels  should  be  checked  daily  and repleted  as  necessary  to  maintain  the  serum  potassium  level ≥3 mmol  L−1  (7.3 mg dL−1).

 

HYPOMAGNESEMIA

Hypomagnesemia  (<0.70 mmol  L−1  or  1.7 mg  dL−1)  occurs  in  nearly  40%  of 

patients with SAH. 402,407 Hypomagnesemia at admission is associated with more blood on  CT  and  a  greater  severity  of  illness,407  and  is  also  associated  with  EKG  changes in patients with SAH. 402 Although some authors have found an association between hypomagnesemia  and  cerebral  ischemic  injury  in  patients  with  SAH,407 others  have not.408  Some  operators  administer  magnesium  sulfate  infusion  to  patients  after SAH,  although  the  data  to  support  this  treatment  is  incomplete  (see  discussion  of Prevention of Ischemic Injury Due to Vasospasm section).

13.4.2.3.    Cardiac abnormalities

EKG CHANGES

EKG  changes  are  common  after  SAH.  Changes  in  the  ST  segment  (15–51%  of 

patients),  T  waves  (12–92%),  the  appearance  of  U  waves  (4–47%),  QT  prolongation (11–66%), and sinus dysrhythmias are the most frequent changes.409,410 Although EKG abnormalities correlate with the severity of SAH, 411 they usually disappear within a day  with  no  change  in  the  neurological  or  cardiac  condition,403, 412  and  are  generally not predictors of serious cardiac complications. 409, 413, 414

 

CARDIAC ARRHYTHMIAS

Serious  cardiac  arrhythmias  in  some  1–4%  of  patients  with  SAH,372,403  with 

malignant  ventricular  arrhythmias  (i.e.,  torsade  de  pointes  and  ventricular  flutter or  fibrillation)  in  reported  in  4.3%;  these  patients  also  had  QTc  prolongation  and hypokalemia. 403 An increased frequency of arrhythmias was found to occur on the day of, or the day after, aneurysm surgery.372 Increased sympathetic tone and electrolyte alterations appear to be the primary factors; the insula and injury to this region of the brain, has also been linked to the occurrence of cardiac arrhythmias.415, 416 Continuous EEG monitoring in the acute phase after SAH is essential.417

 

REVERSIBLE CARDIOMYOPATHY

A  syndrome  of  reversible  cardiomyopathy,  described  as  “stunned  myocardium,” 

occurs  in  a  significant  percentage  of  patients  with  SAH.  Left  ventricular  dysfunc-tion  occurs  in  about  10%  of  patients,414,418  and  20%  of  patients  with  SAH  develop cTI  >1.0 µ    −1 419 g  L .  Cardiac  dysfunction  is  believed  to  be  due  to  massive  sympathetic nervous  activation  that  occurs  after  SAH;419-422  coronary  vasospasm  has  also  been implicated: 423

1.  Risk factors:

(a)  Hunt–Hess score >2, female sex, larger body surface area and left ven-

tricular  mass,  lower  systolic  blood  pressure,  and  higher  heart  rate  are 

independent predictors of troponin elevation.419

2.  Management implications:

(a)  Cardiac troponin I elevation after SAH is associated with an increased 

risk  of  cardiopulmonary  complications,  delayed  cerebral  ischemia,  and 

death or poor functional outcome at discharge. 424,425

(b)  In most cases, the cardiac changes are reversible.426,427
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(c)  The  optimal  management  of  severely  affected  patients  is  unclear.428

Low cardiac output in these patients may exacerbate cerebral ischemia 

and  inotropic  agents  such  as  dobutamine  may  be  beneficial.414,426,429  In patients with profound cardiac dysfunction and cerebral vasospasm, an 

intra-aortic  balloon  pump  may  augment  cerebral  perfusion  and  assist 

cardiac function. 430

(d)  In  patients  with  cardiac  complications  and  symptomatic  vasospasm, 

aggressive  hyperdynamic  therapy  should  be  avoided.  In  these  patients, 

angioplasty  may  be  more  beneficial  than  hyperdynamic  therapy  in  the 

treatment of vasospasm. 427

13.4.2.4.    Neurogenic pulmonary edema

Pulmonary  complications  are  common  in  patients  with  SAH.  The  incidence  of 

acute pulmonary edema in SAH is 20–27%,372,431,432 with some 6% of patients having severe pulmonary edema.372                                                  375 The incidence of pneumonia is 20%. The syndrome of neurogenic  pulmonary  edema  is  likely  to  be  due  to  sustained  elevated  sympathetic tone,  leading  to  a  catecholamine-induced  increase  in  pulmonary  capillary  perme-ability and pulmonary vasoconstriction.433 Diastolic dysfunction may also contribute to  pulmonary  edema. 434                                                                 431  Risk  factors  include  symptomatic  vasospasm,  severity of  illness,  clinical  grade  of  hemorrhage,  red  blood  cell  transfusions,  and  sepsis.432 Neurogenic pulmonary edema appears most often on days 3–7 after SAH, 372 although it has been observed at any time from day 1 to day 14:

1.  Management:

(a)  Intubate if necessary. Mechanical ventilation parameters should be cho-

sen to minimize positive end-expiratory pressure (PEEP), and maintain 

PaO2 > 96%.435

(b) Judicious  use  of  diuretics,  while  maintaining  normovolemia,  may 

improve pulmonary function without compromising cerebral perfusion.

(c)  Dobutamine  infusion  may  also  be  a  useful  adjunctive  measure;  this 

drug has the advantage of not impairing cerebral perfusion.436

13.4.2.5.    Vasospasm

Cerebral vasospasm is defined as narrowing of large or small intracranial arter-

ies after SAH. Symptomatic vasospasm (also known as clinical vasospasm, or delayed ischemic neurological deficit) is the leading cause of death and disability in patients with  SAH.  The  pathogenesis  of  vasospasm  is  not  well  understood.  Arterial  hemor-rhage surrounding the major cerebral arteries in the subarachnoid space appears to initiate  a  series  of  changes  in  the  arterial  walls  that  results,  several  days  after  the hemorrhage, in narrowing of the vessel lumen. Sustained smooth muscle cell contrac-tion appears to be the primary mechanism of vasospasm,437 although inflammatory, immune-mediated, and proliferative processes have also been implicated.438 Red blood cells are necessary for vasospasm to occur, and the 3–5 day time course of red cell lysis corresponds to the onset of clinical vasospasm. An array of vasoconstrictive mediators have  also  been  identified  which  appear  to  have  a  role  in  vasospasm;  these  include oxyhemoglobin and other erythrocyte breakdown products, free radicals, eicosanoids, nitric oxide, endothelin, and various neurogenic factors.

 

FREQUENCY AND TIME COURSE

1.  Some degree of vasospasm is seen on approximately 70% of angiograms done 

during the second week after SAH.439,440

2.  Symptomatic vasospasm occurs in some 20–25% of patients441,442:

(a)  Symptoms of vasospasm probably do not appear unless there is at least 

a 50% reduction in arterial caliber.443

(b)  Angiographic vasospasm with >50% reduction in arterial caliber is seen 

in 23–30% of patients.444-446

3.  Onset of vasospasm rarely occurs prior to day 3 after SAH. Vasospasm is maxi-

mal at days 6–8, and is significantly reduced or gone in most patients within 2 

weeks447,448:

(a)  Fewer than 4% of cases occur after day 12 after SAH.440

4.  The onset of symptomatic vasospasm has been reported as long as 35 days after 

SAH.449
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RISK FACTORS

1.  The best predictor of vasospasm is the amount of blood seen on the initial head 

CT scan, which correlates with the frequency and severity of vasospasm.450-452

2.  Other risk factors for symptomatic vasospasm include age <50 years, hypergly-

cemia, history of hypertension, larger aneurysm size, intraventricular hemor-

rhage, and cocaine use.453

3.  The question of whether vasospasm is more likely after clipping or coiling 

is  unresolved,  as  each  modality  has  been  found  by  various  authors  to  be 

associated with a lesser incidence of vasospasm.454,455

 

CLINICAL FEATURES AND DIAGNOSIS

1.  Symptomatic  vasospasm  typically  presents  as  confusion  and  a  decline  in  the 

level of consciousness. Focal neurological deficits may appear as well.

2.  The onset of symptoms may be sudden or insidious.447

3.  Neurological change is the best indicator of symptomatic vasospasm, and there-

fore frequent neurological exams are essential in patients with SAH:

(a)  Daily  interruption  of  sedation  was  found  to  reduce  ICU  length  of  stay 

and the incidence of complications of in-patients in a medical intensive 

care unit. 456

4.  Autoregulation is impaired.457

5.  Radiographic evaluation:

(a)  Catheter angiography:

●      Gold standard for diagnosis of cerebral vasospasm. ●   Significant  vasospasm  is  indicated  by  a  reduction  in  arterial  cal-

iber by 25–50% or more.

(b)  CTA:

●   CTA is relatively accurate for ruling in (90.7%) or ruling out (99.5%) 

hemodynamically significant vasospasm affecting large intracranial 

vessels.458  It  is  less  accurate  for  evaluating  distal  vessels  and  for detecting mild or moderate vasospasm. Sources of error in CTA in 

this setting include over-windowing and an excessive delay in scan-

ning after administration of the contrast dose.

(c)  CT perfusion:

●   CT  perfusion  can  detect  reductions  in  regional  CBF  indicative  of 

symptomatic  vasospasm.  CT  perfusion  using  the  deconvolution 

technique  has  significant  drawbacks  including  the  necessity  of 

selecting  a  reference  artery  and  a  dependence  on  hemispheric 

asymmetry  to  identify  ischemia,  when  cerebral  vasospasm  can 

be  a  global  phenomenon.  Deconvolution  CT  perfusion  appears  to 

be  most  useful  in  this  setting  when  combined  with  CTA.459  The authors have had satisfactory results with CT perfusion using the 

maximum slope model.460

(d)  Transcranial Doppler (TCD) ultrasonography:

●   Flow velocity within a vessel is directly proportional to the volume 

of blood flow and inversely proportional to the square of the diam-

eter of the vessel. Therefore, TCD velocity changes can be nonspe-

cific  and  can  reflect  either  vasospasm  or  an  461  increase   in  CBF.

TCD  measurements  are  also  notoriously  vulnerable  to  operator 

technique.

●                                                                                              462 The  MCA  is  the  most  reliable  vessel  to  assess,  and  mean  flow 

velocities  >200 cm  s −1  are  highly  suggestive  of  significant  vasos-pasm, whereas velocities <100 cm s−1          463 are not:

–  Most  studies  have  defined  an  MCA  flow  velocity  of  >120 cm 

s −1                                                    464,465 as evidence of some degree of vasospasm.

–  Velocities            −1                   −1 ≥ 130 cm  s  and ≥ 110 cm  s  are  indicative  of  ACA 

and PCA vasospasm, respectively. 466

–  Velocities in the vertebral artery of ≥        −1 80 cm s or the basilar 

artery  of ≥         −1 95 cm  s  have  been  found  to  indicate  posterior circulation vasospasm.467

–  TCD  seems  to  be  more  useful  in ruling  in  vasospasm  than 

ruling it out. A systematic review found the positive predictive 

value of MCA velocity changes in the diagnosis of vasospasm 

to be 97%, and the negative predictive value to be 78%. 462

●   Lindegaard  ratio:  Attempts  to  correct  for  changes  in  CBF  by 

calculating  the  ratio  between  the  MCA  velocity  and  the  ICA 
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 velocity.468 A ratio of <3 is normal and a ratio >6 is highly sugges-tive of vasospasm; intermediate values are indeterminate:

–  A “modified Lindegaard ratio” for basilar artery vasospasm: 

the ratio between the basilar artery velocity and the extracra-

nial vertebral artery ratio. A ratio >2 had 100% sensitivity in 

identification of patients with basilar artery vasospasm. 469

●   The authors prefer to use TCD examinations selectively. A baseline 

TCD  examination  is  done  on  all  patients  on  admission,  to  create 

a baseline, and then TCD values are obtained on a daily basis for 

surveillance in patients for whom it is difficult to rely on a change 

in the neurological exam to identify vasospasm, such as high-grade 

SAH patients, or patients on a mechanical ventilator.

PREVENTION OF ISCHEMIC INJURY DUE TO VASOSPASM

Standard management of all patients with SAH should include adequate hydra-

tion, maintenance of normonatremia, and ventricular drainage, if needed. Both hypo-volemia and hyponatremia have been shown to increase the risk of cerebral ischemia in patients with SAH.385 Nimodipine is firmly established as a prophylactic measure in  patients  with  SAH.  Recent  evidence  also  indicates  that  statin  therapy  may  be significantly  beneficial  as  well.  Some  evidence  has  also  suggested  that  magnesium infusion  and  lumbar  drainage  may  lower  the  incidence  of  symptomatic  vasospasm. Although  prophylactic  hyperdynamic  therapy  may  reduce  the  risk  of  vasospasm,  it carries an increased risk of complications, and most clinicians reserve hyperdynamic therapy for the treatment of vasospasm, rather than prophylaxis:

1.  Nimodipine:

(a)  Nimodipine  is  a  voltage-gated  calcium  channel  antagonist  and  reduces 

calcium  entry  into  smooth  muscle  cells  and  neurons.  Nicardipine  is 

another  dihydropyridine  calcium  channel  blocker  that  has  been  stud-

ied  in  patients  with  SAH,  but  much  less  extensively  than  nimodipine. 

Nimodipine has been shown in a total of eight randomized trials to have 

a  modest  but  statistically  significant  effect  on  outcome  in  patients  (not angiographic vasospasm) with aneurysmal SAH.470-476

(b)  The largest trial was the British Aneurysm Nimodipine Trial (BRANT). 476

A total of 554 patients with SAH were randomized to receive either pla-

cebo  or  nimodipine,  60 mg  PO  Q  4 h  for  21  days.  Treatment  was  begun 

within 96 h of the ictus:

●      The 3-month incidence of cerebral infarction:

–  33% in the placebo group.

–  22% in the nimodipine group (p = 0.003).

●   The  3-month  rate  of  poor  outcomes  (death,  vegetative  state,  or 

severe disability):

–  33% in the placebo group.

–  20% in the nimodipine group (p < 0.001).

(c)  A  systematic  review  of  three  randomized  trials  of  oral  nimodipine 

showed a significant benefit with nimodipine, demonstrating a relative 

risk of death or dependence 0.70 (p = 0.0002).477

(d)  Both  PO/NG  and  IV  nimodipine  have  been  evaluated,  although  the  IV 

formulation  is  not  available  in  North  America.  The  most  common  side 

effect of oral nimodipine is transient hypotension; this can be mitigated 

by administering the drug 30 mg Q 2 h instead of 60 mg Q 4 h.

(e  The mechanism of nimodipine’s beneficial effect is not clear, as the oral 

formulation  has  not  been  found  to  decrease  the  rate  of  vasospasm.476 Nimodipine  may  function  as  a  direct  neuroprotectant  or  enhance  cer-

ebral microcirculation by causing arteriolar dilation.478

(f)  Although  the  duration  of  treatment  in  BRANT  was  21  days,  it  seems 

reasonable to discontinue nimodipine earlier in good-grade patients who 

are beyond the standard risk period for vasospasm. 443,479 A retrospective study of 90 patients with Hunt–Hess I–III SAH who were treated with 

nimodipine for 15 days or less found no evidence of a delayed neurologi-

cal  deficit.479  In  addition,  nimodipine  is  expensive  and  not  available  in all  pharmacies.  The  authors  prefer  to  stop  nimodipine  treatment  upon 

discharge from the hospital for patients who are neurologically intact.

2.  Statins:

(a)  Hydroxymethylglutaryl  coenzyme  A  reductase  inhibitors  (statins) 

have  surprisingly  emerged  as  beneficial  to  patients  with  SAH.  One 

retrospective study480 and two prospective randomized trials481-484 have 
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supported  the  use  of  statins  in  the  prevention  and  management  of 

vasospasm.

(b)  The larger of the two trials was conducted at Addenbrooke’s Hospital in 

the  United  Kingdom.482-484  A  total  of  80  patients  with  SAH  were  rand-omized to receive either placebo or pravastatin, 40 mg PO QD. Treatment 

was begun within 72 h of ictus and continued for up to 14 days or until 

discharge:

●                                                          482 The incidence of vasospasm:

–  62.5% in the placebo group.

–  42.5% in the pravastatin group (p = 0.006).

●   The incidence of vasospasm-related delayed ischemic deficits:

482

–  30.0% in the placebo group.

–  5.0% in the pravastatin group (p < 0.001).

●                         482 Mortality:

–  20.0% in the placebo group.

–  5.0% in the pravastatin group (p < 0.037).

●   Multivariate analysis showed that pravastatin reduced unfavorable 

outcomes at discharge by 73% (p = 0.041) and by 71% at 6 months (p = 0.063).483

(c)  Pravastatin  adverse  effects.  Although  myalgia,  myopathy,  and  hepa-

totoxicity are commonly associated with statin use, a large-scale pro-

spective  study  found  no  difference  in  the  rates  of  these  symptoms  in 

patients  taking  pravastatin  40 mg  QD  compared  to  patients  taking  a 

placebo.485 In the British pravastatin study, no adverse events attrib-utable  to  pravastatin  were  reported;  alanine  aminotransferase  (ALT) 

elevations were similar in the drug and placebo patients:

●   Myalgia  occurs  in  2%  of  all  patients  treated  with  pravastatin.

486

Reversible with pravastatin discontinuation.

●   Myopathy  with  creatine  phosphokinase  (CPK)  elevations  >10× 

normal occurs in <0.1% of all patients treated with pravastatin.486

●      Hepatotoxicity. ALT elevation (>3× normal) (1.4%).485

(d)  Mechanism.  Numerous  potential  mechanisms  have  been  invoked  to 

explain  the  beneficial  effect  of  statins  in  SAH,  including  effects  inde-

pendent  of  the  cholesterol-lowering  effects  such  as  improved  cerebral 

vasomotor  reactivity  and  a  reduction  in  cytokine  responses  to  cerebral 

ischemia. 487,488 Recent data suggests that cerebrovascular protection may also function through cholesterol-dependent mechanisms as well.484

3.  Lumbar drainage:

(a)  Continuous lumbar drainage in patients with SAH is based on the notion 

that enhanced evacuation  of the cisternal  blood may reduce the risk of 

vasospasm.

(b)  A  single  retrospective  study  found  a  significant  benefit  with  lumbar 

drainage in patients with SAH489:

●   In 167 patients with SAH, 81 patients received a lumbar drain, and 

86 did not. Some patients received a ventriculostomy in addition to, 

or instead of, a lumbar drain.

●   The drain was placed at the time of surgery and kept closed until 

postoperative  day  1;  it  was  then  opened  after  a  postoperative  CT 

was  checked.  Drainage  was  undertaken  at  a  rate  of  5–10 mL  h−1 until  the  CSF  was  no  longer  visibly  hemorrhagic  and  the  risk 

period for vasospasm had ended.

●   Outcomes were significantly better in the lumbar drainage group:

–  Clinical vasospasm:

(a)  Lumbar drain group 17%.

(b)  Control group 51% (p < 0.001).

–  Angioplasty and/or papaverine infusion:

(a)  Lumbar drain group 17%.

(b)  Control group 45% (p = 0.001).

–  Vasospasm-related infarction:

(a)  Lumbar drain group 7%.

(b)  Control group 27% (p = 0.008).

–  Disposition (discharged to home rather than rehabilitation or 

an extended care facility):

(a)  Lumbar drain group 54%.

(b)  Control group 25% (p = 0.002).

●   Complications  included  infections  in  two  patients  with  both  a 

lumbar  drain  and  a  ventriculostomy,  and  transient  clinical  or 
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 neurological  worsening  with  CSF  drainage  was  initiated  (dimin-

ished level of consciousness in two, and bradycardia in one). These 

changes  cleared  rapidly  after  clamping  the  drain,  and  lumbar 

drainage was restarted successfully after 24–36 h.

4.  Magnesium infusion:

(a)  Hypomagnesemia is common among SAH patients and may be associated 

with cerebral ischemia and poor outcomes.407 Magnesium supplementa-tion  reverses  vasospasm  and  reduces  infarct  volume  in  experimental 

SAH.490-492 Magnesium supplementation is well established in obstetrics and cardiology, 493 and is inexpensive and readily available. Some clinical data  suggest  that  magnesium  supplementation  may  improve  outcomes 

after SAH.

(b)  The  largest  trial  of  magnesium  in  SAH  to  date  found  a  trend  toward  a 

significant  benefit  with  treatment.494  A  total  of  283  patients  were  ran-domized  to  receive  magnesium  sulfate  (64 mmol  L−1  day−1)  until  day  14 after treatment of the aneurysm. Magnesium treatment reduced the risk 

of delayed ischemic injury by 34% (hazard ratio 0.66; 95% CI 0.38–1.14). 

The 3-month risk reduction for poor outcome was 23% (risk ratio 0.77; 95% 

CI 0.54–1.09). There were no major side effects.

(c)  Side  effects  with  magnesium  infusion  can  include  bradycardia  and  hypo-

tension;  in  the  authors’  experience,  these  symptoms  tend  to  occur  most 

often  in  elderly  patients,  and  resolve  with  discontinuation  of  the  magne-

sium infusion. Magnesium intoxication, occurring at levels of ≥2.0 mmol L−1 (4.9 mg dL−1), is manifested by nausea, headache, and muscle weakness.

(d)  Magnesium  may  exert  beneficial  effects  by  inhibition  of  the  release 

of  excitatory  amino  acids  and  blockade  of  the N-methyl-D-aspartate-glutamate  receptor.495,496  Magnesium  is  also  a  voltage-gated  calcium channel antagonist and has a cerebral vasodilatory effect.497

(e)  The authors treat all SAH patients with magnesium. Magnesium sulfate 

is  given  IV  at  the  dose  used  in  the  Dutch  randomized  trial  described 

above494 (dissolve 40 g MgSO4 in 1,000 mL sterile water, run IV infusion at  17 mL  h −1).  Magnesium  is  started  upon  admission  and  is  discontin-ued  when  the  patient  leaves  the  NICU.  Magnesium  is  discontinued  in 

patients with hypotensive or bradycardic side effects.

5.  Prophylactic hyperdynamic therapy:

(a)  Hyperdynamic  therapy,  also  known  as  “Triple  H”  therapy,  consists  of 

the  maintenance  of  hypervolemia,  hypertension,  and  hemodilution, 

to  improve  the  rheologic  properties  of  blood,  to  enhance  cerebral  per-

fusion.  Prophylactic  hyperdynamic  therapy  can  raise  CBF  in  patients 

after SAH.498

(b)  A  systematic  review  of  four  prospective  studies  with  a  total  of  488 

patients  found  a  decreased  risk  of  symptomatic  vasospasm  and  death 

with  prophylactic  hyperdynamic  therapy,  but  no  significant  change  in 

the incidence of delayed ischemic neurological deficits.499 However, only one of these studies was randomized.500 The paucity of information and limitations  in  the  design  of  the  studies  lead  the  authors  of  this  review 

article to conclude that the efficacy of prophylaxis is undecided and that 

recommendations for the use of prophylactic hyperdynamic therapy can-

not be made.499 Similarly, two other systematic reviews of hypervolemic therapy  identified  only  two  randomized  studies  and  found  no  sound 

evidence for the use of this technique in patients with SAH.501,502

(c)  One randomized trial found no increase in CBF with prophylactic hyper-

volemia;500 the authors of this study surmised that any beneficial effects of  prophylactic  volume  expansion  were  likely  to  be  due  to  avoidance  of 

hypovolemia, rather than any direct benefit of additional fluid volume.

(d)  Because of a lack of proven efficacy503,504 and an established increase in 

the  risk  of  complications  with  hyperdynamic  therapy  (see  below),  the 

authors  of  this  handbook  prefer  to  use  hyperdynamic  therapy  only  in 

patients with evidence of symptomatic vasospasm.

6.  Other preventative measures:

(a)  Clot evacuation and lysis:

●      Surgical clot removal. ●      Thrombolysis.

(b)  Tirilazad.

(c)  Fasudil.

(d)  Endothelin antagonists.
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Blood flow in large vessels is described by the Hagen–Poiseuille equation:

 

Q = P r 4 ∆   L p / 8h,

where Q is the blood flow, ∆P is the pressure gradient, r is the vessel radius, L

is the length, and h is the viscosity. Theoretically, flow in cerebral vessels affected by vasospasm  can  be  increased  by  increasing  the  pressure  gradient  (by  induced  hyper-tension or hypervolemia), by decreasing the viscosity (by hemodilution), or by expand-ing the vessel radius (by angioplasty).

 

HYPERDYNAMIC THERAPY

“Triple  H”  therapy  (hypertension,  hypervolemia,  and  hemodilution)  is  consid-

ered  by  many  to  be  first-line  therapy  in  the  treatment  of  symptomatic  vasospasm, and  should  be  reserved  for  patients  who  have  undergone  treatment  of  the  ruptured aneurysm.505  Hypertension  and  hypervolemia do  not  appear  to  increase  the  risk of  hemorrhage  from  untreated,  unruptured  aneurysms  in  patients  with  SAH.506 To  avoid  promoting  cerebral  edema  or  hemorrhagic  transformation,  hyperdynamic therapy  should  not  be  used  in  patients  with  a  significant  brain  edema  or  a  large infarction;  hyperdynamic  therapy  should  be  discontinued  as  soon  as  the  ischemic deficit resolves.507

Of  the  three  components  of  hyperdynamic  therapy,  blood  pressure  elevation 

appears to be the most beneficial;508 volume expansion seems to be useful mostly as a  measure  to  avoid  hypovolemia,  which  can  exacerbate  delayed  ischemic  injury. 500 Specific endpoints and methods of hyperdynamic therapy vary widely; no particular quantitative endpoint (e.g., SBP vs. CPP vs. PCWP) has been shown convincingly to be superior to others. The most important endpoint is clinical improvement.

Because most published protocols have used a combination of volume expansion 

and  induced  hypertension,  with  hypertension  added  only  for  patients  who  have  not responded to hypervolemia alone, hypervolemia will be considered first:

1.  Hypervolemia:

(a)  A central venous pressure (CVP) catheter should be placed in all patients 

with aneurysmal SAH.

(b)  Target parameters range from 6 to 12 mmHg (8–16 cm water). 509-511 (c)  IV fluids: 0.9% normal saline at 100–140 mL h−1:

●   5% albumin (250 mL TID) can be used for additional volume expan-

sion:

–  Infusion  of  5%  albumin  (250 mL  IV  every  2 h  as  needed  for 

CVP ≤8 mmHg) has been found to be effective in maintaining CVP >8 mmHg in patients with SAH.511

●   Dextran  and  hetastarch  should  be  avoided  because  of  potential 

effects on coagulation.

(d)  A  systematic  review  found  no  sound  evidence  for  or  against  the  use  of 

volume expansion in patients with SAH. 501 The authors view moderate hypervolemia as a method to ensure that the patient is well hydrated and 

to facilitate hypertensive therapy, if needed.

2.  Hypertension:

(a)  Induced hypertension has been found to reverse deficits in patients with 

symptomatic vasospasm.505,509,510,512

(b)  Endpoints:

●      Systolic blood pressure (SBP):

–  A radial arterial catheter is helpful for blood pressure moni-

toring.

–  Giannotta  and  colleagues  reported  a  significant  improve-

ment  in  88%  of  patients  with  symptomatic  vasospasm  man-

aged  in  the  following  way:  CVP  was  elevated  to  8–10 cm 

water (~6–7 mmHg) with blood and plasma transfusions and 

albumin;  for  patients  who  did  not  improve  and  whose  SBP 

remained <140 mmHg, dopamine or phenylephrine was used 

to raise SBP to 150–170 mmHg. 509

–  Awad and coworkers reported a reversal of deficits in 60% of 

patients  treated  first  with  aggressive  hypervolemic  therapy 
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(10–12 mmHg; ~14–16 cm water), and then with hypertension 

if the deficits did not improve.510 Phenylephrine or dopamine was used to elevate blood pressure until the deficits cleared or 

to a maximum of 200 mmHg.

●      Cerebral perfusion pressure (CPP):

–  Obviously requires intracranial pressure monitoring.

–   Moderate hypertension (CPP 90–120 mmHg, CVP 5–10 mmHg, 

Hct 25–40) led to a greater increase in brain tissue PO 2 com-pared  to  hypervolemia  (CVP  10–15 mmHg)  or  more  aggres-

sive hypertension (CPP >120 mmHg).508

●      Pulmonary capillary wedge pressure (PCWP):

–  Requires placement of a Swan–Ganz catheter.

–  Recommended  target  values  for  PCWP  range  from 

12–15 mmHg 513                       514 to 16–18 mmHg.

(c)  Methods to induce hypertension:

●   Volume expansion first, with isotonic saline and 5% albumin.

●   Inotropes,  such  as  dobutamine  and  dopamine,  increase  cardiac 

output  and  are  the  most  commonly  reported  hypertensive  agents 

in  hyperdynamic  therapy.  An  increase  in  cardiac  output,  without 

changes  in  mean  arterial  pressure,  can  elevate  CBF  in  patients 

with vasospasm.515 Inotropes are also preferred over vasoconstric-tors  such  as  phenylephrine  and  levophed  because  of  the  potential 

for systemic ischemic complications with vasoconstrictors.

●                                                                 −1        −1                              −1        −1 Dobutamine dose: 2.5–10 mcg kg min , up to 40 mcg kg min as 

needed.

●                                                      −1         −1                                      −1         −1 Dopamine  dose:  5 mcg  kg  min ,  up  to  20–50 mcg  kg  min  as 

needed.

●                                                                −1         −1                             −1         −1 Phenylephrine dose: 0.1 mcg kg min , up to 4 mcg kg min as 

needed.

(d)  The  authors  prefer  to  use  SBP  as  the  primary  quantitative  endpoint 

for  blood  pressure  management  during  treatment  of  symptomatic 

vasospasm. SBP is a simple, straightforward measurement that can be 

assessed  in  all  patients,  whereas  CPP  requires  intracranial  pressure 

monitoring  and  PCWP  requires  use  of  a  Swan–Ganz  catheter.  In  all 

patients  with  SAH  and  a  treated  ruptured  aneurysm,  SBP  is  allowed 

to rise as high as 200 mmHg; in patients with symptomatic vasospasm, 

volume expansion and inotropes are used to maintain SBP >160 mmHg.

3.  Hemodilution:

(a)  Some degree of “hemodilution” occurs with volume expansion.

(b)  No clinical data exist to support deliberate hemodilution in the setting of 

SAH:443

●   Controlled,  isovolemic  hemodilution  to  a  hematocrit  of  28%  in 

patients with vasospasm produced an increase in global CBF but 

a pronounced reduction in oxygen delivery capacity. 516

●   A  systematic  review  found  no  net  benefit  with  hemodilution  in 

patients with acute ischemic stroke.517

(c)  The authors prefer to maintain hematocrit at about 30%:

●   A hematocrit of 30% has been found to be the optimal hematocrit 

for reducing cerebral infarction in some animal models, and hema-

tocrit >30% has been found to be associated with reduced perfusion 

and tissue survival in patients with acute ischemic stroke.518

4.  Complications of hyperdynamic therapy:

(a)  Documented  complications  with  hyperdynamic  therapy  are  numerous, 

with overall complication rates ranging from approximately 24–30%. 372,519 Pulmonary edema appears to be the most frequent complication.

(b)  Intracranial  complications  include  hemorrhagic  transformation  of  inf-

arcts, increased intracranial pressure, aneurysm rebleeding, and hyper-

tensive encephalopathy. 505,520

(c)  Extracranial  complications  include  pulmonary  edema  in  17%  of 

patients,514 505   myocardial  infarction  (2%),  coagulopathy,  hemothorax.

Complications  in  patients  with  Swan–Ganz  catheters  were  detailed  by 

Rosenwasser and colleagues and include sepsis (13%), congestive heart 

failure (2%), subclavian vein thrombosis (1.3%), pneumothorax (1%) and 

hemothorax. 521

5.  Authors’ protocol:

(a)  In patients with symptomatic vasospasm, the authors use isotonic saline 

and 5% albumin to maintain the CVP 8–10 cm water. Blood pressure is 
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maintained at SBP ≥160 mmHg with an inotrope if needed (dobutamine or  dopamine).  These  quantitative  endpoints  are  modified,  if  needed, 

depending  on  the  clinical  situation  to  minimize  the  risk  of  complica-

tions (e.g., the parameters are lowered if significant pulmonary or brain 

edema is already present). Hyperdynamic therapy is discontinued once 

the clinical deficit clears, or the theoretic risk period for vasospasm has 

been passed (i.e., > 12 days after the hemorrhage).

 

ANGIOPLASTY

1.  Balloon angioplasty is an option for symptomatic vasospasm affecting intrac-

ranial arteries >1.5 mm in diameter,522 such as the intracranial ICA, the M1, A1,  and  the  vertebral  and  basilar  arteries  and  P1  segments.  Technique  is 

discussed  in  Chap.  11, Endovascular  Treatment  of  Intracranial  Stenosis  and Vasospasm.

2.  The internal elastic lamina and smooth muscle cells are stretched and thinned 

during  angioplasty.523  Dilation  of  the  vessel  segments  is  essentially  “perma-nent” for the duration of the clinical vasospasm; vasospasm generally does not 

recur after angioplasty.

3.  Results:

(a)  Reversal  of  neurological  deficits  with  angioplasty  has  been  reported  in 

30–70%  of  patients  who  fail  hypervolemic,  hypertensive,  hemodilution 

(Triple H) therapy.524-527

(b)  Clinical improvement appears to be strongly dependent on the timing of 

the procedure, with significantly better results reported with angioplasty 

done within 24 h,526                    528 and within 2 h of the neurological change.

4.  Complications:

(a)  Overall complication rates of ~5–10% have been reported. 524,529 (b)  Complications  include  rupture  of  the  vessel,  wire  perforation,  ischemic 

stroke,  vessel  dissection,  femoral  artery  injury,  retroperitoneal  hemor-

rhage, and failure to improve symptoms.

5.  Strategies:

(a)  Some  authors  advocate  attempting  a  trial  of  hyperdynamic  therapy  for 

vasospasm  prior  to  performing  angioplasty,443  whereas  others  prefer  to do angioplasty on an emergent basis.528

(b)  Angioplasty  in  combination  with  aneurysm  coiling  has  been  used 

successfully for patients presenting with SAH and symptomatic vasos-

pasm.530 Alternatively, surgery to clip the aneurysm can be followed by immediate postoperative angioplasty.531

(c)  Some  operators  are  reluctant  to  perform  angioplasty  when  the 

affected cerebral region shows evidence of infarction on CT, because of 

a concern for the possibility of hemorrhagic transformation. However, 

in  a  series  of  17  cases  in  which  angioplasty  was  done  despite  a  CT 

scan  showing  a  new  hypodensity,  there  were  no  hemorrhages  or 

worsening of symptoms.532 There was resolution of the CT hypodensi-ties in 5 of the 17 patients and the majority of the patients improved 

 clinically.

(d)  Prophylactic angioplasty for vasospasm has been done in a single-center 

trial; however, one patient in the trial died as the result of vessel rupture 

during the procedure. 533

 

INTRA-ARTERIAL PHARMACOLOGIC TREATMENT

1.  Intra-arterial  (IA)  infusion  of  antispasmodic  medications  can  supplement 

angioplasty,  and  can  be  used  for  the  endovascular  treatment  of  vasospasm  of 

vessels distal to the circle of Willis, that are too small for balloon angioplasty. 

Although IA papaverine was popular in some centers in the 1990s, it has fallen 

out of favor in recent years because its effect is short-lived and because of side 

effects, such as dramatic ICP elevation and some cases of malignant ischemic 

infarction in territories infused. Preliminary reports of IA infusion of calcium 

channel blockers have been encouraging.

2.  IA calcium channel blockers:

(a)  Nicardipine:

●   In  a  series  of  18  patients  treated  with  IA  nicardipine,  all  vessels 

that  were  treated  demonstrated  angiographic  improvement,  and 

neurologic  improvement  occurred  in  42%  of  patients.  Transient  ICP 
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elevation  occurred  in  28%  of  patients  and  sustained  ICP,  requiring 

mannitol infusion, occurred in one patient (6%)534:

–  Regimen:  Nicardipine  (Cardene  IV;  ESP  Pharma,  Inc., 

Edison,  NJ)  was  diluted  in  0.9%  NaCl  to  a  concentration  of 

0.1 mg  mL−1  and  administered  in  1 mL  aliquots  through  a microcatheter to a maximal dose of 5 mg per vessel. Dose per 

vessel was based on the angiographic effect observed.

(b)  Nimodipine:

●   In  a  series  of  25  patients  treated  with  IA  nimodipine,  clinical 

improvement was observed in 76% of patients and notable vascular 

dilation was observed in 43% of the procedures:535

–  Regimen: A 25% dilution of nimodipine in saline was made. 

Slow infusion of the solution at a rate of 2 mL min−1 was done with  an  electric  pump.  Each  infusion  lasted  10–30 min  per 

vessel. The total dose per vessel was 1–3 mg and the total dose 

per patient was ≤5 mg.

●   Note: Parenteral nimodipine is not available in the United States.

(c)  Verapamil:

●   In  a  series  of  17  patients  treated  with  IA  verapamil  alone,  five 

patients  (29%)  experienced  neurologic  improvement.536  The  aver-age increase in vessel diameter was 44 ± 9%, and no patients had 

ICP elevation:

–  Regimen: On average, the total dose of verapamil per patient 

was  3 mg  and  two  vessels  were  treated  in  each  patient.  The 

average dose per vessel was 2 mg and the largest single dose 

per vessel was 8 mg.

3.  IA papaverine:

(a)  Papaverine  is  an  alkaloid  that  causes  vasodilation  of  cerebral  arteries 

through  a  direct  inhibitory  effect  on  smooth  muscle  contraction.  IA 

papaverine infusion reverses angiographic vasospasm.537,538

(b)  The effect of papaverine is short-lived, lasting less than 3 h.539 (c)  Papaverine  has  significant  adverse  effects,  including  increased  ICP,540

seizures,541 paradoxical worsening of vasospasm,542 and permanent gray matter damage.543

(d)  In  a  comparison  of  IA  papaverine  and  balloon  angioplasty,  angioplasty 

was found to have a more sustained favorable effect. 544

4.  The authors of this handbook favor IA nicardipine or verapamil infusion in cases 

in which an angioplasty balloon cannot be navigated into position (e.g., the A1 

segment in some patients), and for the endovascular treatment of diffuse, small 

vessel vasospasm (e.g., vasospasm affecting the M2 segments or beyond, despite 

treatment  of  the  M1  segment).  One  of  the  authors  of  this  handbook  reserves 

limited IA papaverine use for rare cases in which some degree of pharmacologic 

dilation is required in order to navigate an angioplasty balloon into position; in 

these  cases,  a  single  small  dose  of  IA  papaverine  (100–200 mg)  is  usually  suf-

ficient (the other author has not used papaverine in the last 10 years).

 

Table 13.10 SAH management protocol

Admission orders                  Comments and references

Admit to the Neuro-ICU A dedicated neurocritical care team was asso-

ciated with reduced in-hospital mortality and 

length of stay in Neuro-ICU patients.545

Diagnosis: SAH

Condition: Critical

Allergies:

Vital signs: Q 1 h with neurochecks Meticulous monitoring of the patient’s neuro-

logic status will identify changes that require 

prompt treatment, such as aneurysm rehem-

orrhage, vasospasm, or hydrocephalus546

Activity: Bedrest

(continued)
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Table 13.10 (continued)

Admission orders                  Comments and references

Nursing: SAH Precautions (low light, 

minimal stimulation, etc.), record CVP 

and UOP hourly

NPO except meds until management plan for 

the aneurysm is decided

Enteral feeding is begun as soon as feasible  Nutritional needs are elevated by SAH, due 

(diet is advanced as tolerated); a nasogastric  to a profound stress response and increased 

feeding tube (Dobhoff tube) is placed             catabolism547

and tube feeding is begun for intubated 

patients or those unable to eat

IVF: 0.9 N.S. with 20 mEq KCl L−1 at 120 mL  Aggressive hydration with isotonic fluids is 

h−1 meant to minimize risk of hypovolemia and 

hyponatremia, both of which have been shown 

to increase the risk of cerebral ischemia after 

SAH385,389

5% Albumin 250 mL IV Q 6 h, hold for CVP  Volume expansion with albumin is a method 

> 12 to prevent hypovolemia. Retrospective data 

suggests 5% albumin may improve outcome 

and reduce hospital costs in SAH patients 548

Nimodipine 60 mg PO/NG Q 4 h for 21 days Nimodipine is associated with improved out-

comes in patients with aneurysmal SAH470-476

Pravastatin, 40 mg PO QD up to 14 days or  Begin pravastatin after admission labs (liver 

until discharge function tests and CK) are checked and are 

normal. Pravastatin is associated with lower 

rates of vasospasm and spasm-related cer-

ebral ischemia481,482

Morphine 2–6 mg IV Q 1 h PRN (any other IV 

narcotic is acceptable)

Esomeprazole 40 mg PO/IV QD (any other  GI prophylaxis is recommended for all SAH 

stress ulcer prophylactic medication is                    549 patients

 acceptable)

MgSO gtt (prepare 40 g in 1,000 mL  A randomized trial of magnesium in SAH  4  −1  sterile water; infuse at a rate of 17 mL h  ).  found a trend toward a significant benefit with 

Discontinue when the patient is transferred        treatment without major side effects494

out of the NICU

Labetalol 5–20 mg IV Q 20 min PRN SBP >       Early rebleeding was found to correlate 

160 (BP parameters are liberalized when the      with SBP ≥           550 160 mmHg, and extremes of 

aneurysm is treated, i.e., SBP up to 200 is  blood pressure on admission (MAP > 130 or 

okay) <70 mmHg) are associated with poor outcome 

after SAH499

Ondansetron 4 mg IV Q 4–6 h PRN (most 

other antiemetics are acceptable)

Amicar 5 g IV load given over 1 h, then  Short-term antifibrinolytic treatment may 

 infusion at 1 g IV Q 1 h (24 g in 1 L of 0.5 N.S.     reduce the risk of rebleeding without an 

at 42 mL h−1). Amicar is discontinued when    associated increase in risk of ischemic 

the aneurysm is treated                                                351 complications or hydrocephalus. Tranexamic 

acid, an antifibrinolytic that is not available in 

the US, was shown in a randomized trial to 

reduce the risk of rehemorrhage352

Avoid warfarin, clopidogrel, ticlopidine, 

LMWH, especially when patient has had 

craniotomy,  ventriculostomy, or intracerebral 

hemorrhage

External pneumatic compression devices on  External pneumatic calf compression reduces 

lower extremities at all times deep venous thrombosis in patients with 

SAH551

(continued)
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Table 13.10 (continued)

Admission orders                  Comments and references

Admission labs: CBC, serum electrolytes, 

coagulation parameters, toxicology screen, 

liver function tests, CK, CK-MB

Daily labs: CBC, serum electrolytes, only (unless  Surveillance for electrolyte disorders and 

a question requiring a specific lab arises)            infection

12 Lead EKG and chest X-ray on admission

TCDs: obtain one baseline study on day of  TCDs are useful for surveillance for sympto-

admission or day after admission. HH 4 and 5  matic vasospasm, particularly in high-grade 

patients: obtain TCDs daily SAH patients with depressed mental status, in 

whom subtle neurologic changes are difficult 

to ascertain

 

Procedures

Arterial line and central line on admission.

 After  the  aneurysm  is  protected,  a  lumbar  drain  is  placed  (in  OR  for  clipped 

patients, in NICU while still intubated for coiled patients).

Ventriculostomy is placed only for symptomatic hydrocephalus.

Vasospasm Management

Any  neurologic  change  should  prompt  a  standard  work-up,  including  review  of 

electrolytes,  vital  signs,  and  a  head  CT  if  indicated.  If  this  work-up  is  negative,  a presumptive diagnosis of symptomatic vasospasm may be made.

All SAH patients are kept well hydrated. Full-blown hyperdynamic therapy (“H3”) 

is initiated only when a diagnosis of symptomatic cerebral vasospasm is made.

13.4.2.7.  The International Subarachnoid Aneurysm Trial

Randomized,  prospective,  multicenter  trial  of  endovascular  coiling  vs.  surgical 

clipping for selected patients with ruptured intracranial aneurysms deemed suitable for either therapy. The study began in 1994 and continued enrollment through 2002. The preliminary findings were reported in Lancet in 2002; 158 the final 1-year outcome data was reported in Lancet in 2005:157

1.  A  total  of  9,559  patients  were  screened,  and  2,143  (22.4%)  were  randomly 

assigned to either surgery (n = 1,070) or endovascular treatment (n = 1,073).

2.  Clinical outcomes were assessed at 2 months and 1 year. Recruitment was stopped 

after an interim analysis showed a significant advantage of endovascular therapy:

(a)  Patients dead or dependent at 1 year:

●      23.5% in the endovascular group. ●      30.9% in the surgical group:

–  Absolute risk reduction of 7.4% (p = 0.0001). –  The  early  survival  advantage  was  maintained  for  up  to  7 

years and was significant (p = 0.03).

(b)  Subgroup  analyses  showed  significant  benefits  with  endovascular 

therapy for patients age 50–69; all Fisher grades; aneurysm lumen size 

≤10 mm; and ICA aneurysm location. No subgroup showed a significant benefit with surgery.

(c)  The number of patients with confirmed rebleeding from the target aneu-

rysm at 1 year was slightly greater in the endovascular group:

●      45 in the endovascular group. ●      39 in the surgical group:

–  However,  28  of  the  rebleeds  in  the  surgical  group  occurred 

prior to treatment, vs. only 17 in the endovascular group. This 

may be partly explained by the fact that the mean interval to 

treatment  was  1.7  days  in  the  surgical  group,  and  1.1  days 

in  the  endovascular  group.  Not  counting  rebleeds  occurring 

prior to first treatment, total 1-year rebleeds were:

(a)  35 in the endovascular group.

(b)  13 in the surgical group.

●   Late rebleeding (>1 year) was higher in the endovascular group:

–  7 in the endovascular group.
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–  2 in the surgical group.

(d)  There  was  a  significant  reduction  in  seizures  with  endovascular  treat-

ment, from hospital discharge to 1 year:

●      27 in the endovascular group. ●      44 in the surgical group:

–  Relative  risk  of  seizures  with  endovascular  treatment  com-

pared to surgery: 0.52 (95% CI 0.37–0.74).

(e)  Study limitations and controversies:

●   The study results are applicable only to aneurysms that are treat-

able with either surgery or coiling. Of the 9,559 patients eligible for 

inclusion,  69%  were  excluded  because  the  aneurysm  could  not  be 

treated by either procedure.

●   Most of the centers in the study were located in Europe, and there-

fore the results may not be applicable to patients in the US, where 

the  degree  of  subspecialization  and  experience  of  neurovascular 

surgeons may be different.552

●   Although clinical outcomes at 1 year were superior in the endovascular 

group, the rebleeding rate after treatment was higher. Over a longer 

term, the effect of rebleeding may reduce the early benefit of coiling.

 

13.5.      Intracranial aneurysms: 

Special situations

 

13.5.1.     Pediatric aneurysms

Pediatric intracranial aneurysms are uncommon but have a number of features 

that are distinct from aneurysms found in adults.

13.5.1.1.    Epidemiology and characteristic features

1.  Pediatric cases account for about 1–2% of all intracranial aneurysm cases553, 554:

(a)  To date, only approximately 700 cases have been reported in the literature. 555 (b)  It is estimated that academic centers typically see one case per year.556

2.  About twice as many boys are affected than girls.554

3.  Age at presentation is bimodal:553

(a)  Birth to age 6 years, and peaking at 6 months.

(b)  Age 8 to adolescence.

4.  Aneurysms  in  children  are  more  likely  than  adults  to  be  at  the  ICA  or  MCA 

bifurcations or in the posterior circulation:

(a)  A review of all cases reported by 2004 found the most common locations 

to be the ICA bifurcation (26%), A-comm (19%), MCA bifurcation (17%), 

and posterior circulation (17%). 554

(b)  Pediatric intracranial aneurysms are also more likely than adult aneu-

rysms  to  be  located  in  the  peripheral  vasculature,557possibly  reflecting the higher incidence of traumatic aneurysms in children, which are typi-

cally located in the periphery.

(c)  A  systematic  review  of  reports  of  aneurysms  occurring  in  children  <1 

year of age found that a prevalence of aneurysms on the MCA is nearly 

three  times  higher  than  on  any  other  vessel,  and  did  not  find  that 

boys  are  more  frequently  affected,  as  has  been  reported  for  other  age 

groups.558

5.  Etiology and pathophysiology:

(a)  A number of conditions are associated with pediatric aneurysms (Table 13.11):

●   Some authors recommend routine noninvasive screening for intracra-

nial aneurysms for children with aortic coarctation, polycystic kidney 

disease, and Ehlers–Danlos syndrome. 553

(b)  Some  data  suggest  that  idiopathic  pediatric  aneurysms  are  patho-

logically  distinct  from  adult  aneurysms.  Some  characteristic  features 

 

480                  13.5. Intracranial aneurysms: Special situations                INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE

of  adult  aneurysms,  such  Table 13.11 Conditions associated 

as  atherosclerotic  changes  with pediatric intracranial aneurysms

and  an  abrupt  termina-

tion  of  the  internal  elastic      Bacterial endocarditis lamina  at  the  aneurysm 

neck, were not found in an     Brain tumors autopsy  series  of  pediatric      Cardiac myxoma aneurysms. 559                 Closed or penetrating head injury

(c)  Pediatric  aneurysms  are 

Ehlers–Danlos syndrome

more  likely  to  be  complex 

than  adult  aneurysms560;     Fibromuscular dysplasia fusiform and dolichoectatic     G-6-PD deficiency aneurysms  comprised  51% 

Human immunodeficiency virus

of  the  aneurysms  in  one 

series.                            Irradiation 555

(d)  Traumatic    aneurysms,     Marfan syndrome

arising  after  closed  or     Moyamoya disease

comprise  14–39%  of  all     Polycystic kidney disease penetrating  head  injury, pediatric aneurysms. 561        Pseudoxanthoma elasticum

6.  Clinical features: (e)  Some  20%  of  pediatric     Sickle cell anemia 554 aneurysms are giant. Syphilis

(a)  Pediatric  aneurysms  are     Thalassemia

usually symptomatic at the     Tuberous sclerosis

(b)  SAH  is  the  most  common time of presentation.            Type IV collagenopathy

mode of presentation; aneu-     Vascular anomalies rysms  in  children  are  four 

times  as  likely  to  present 

with SAH than not.554

(c)  Children with SAH appear 

to have a lesser incidence560 and a greater tolerance553  for cerebral vasos-pasm:

●   Vasospasm was found in 53% of children undergoing angiography 

between the 4th and 16th day after SAH.562

(d)  Mortality after SAH is lower than in adults, ranging from 10 to 20%.563

 

13.5.1.2.    Management

Intracranial  aneurysms  in  children  are  fundamentally  different  from  adult 

aneurysms,  and  therefore  clinical  data  from  adult  series  cannot  be  extrapolated  to the pediatric population. Interpretation of literature about the treatment of pediatric aneurysms is impaired by the infrequency of these lesions, and the fact that endovascu-lar therapy has evolved considerably in recent years; some series report cases extend-ing back to the infancy of neurointervention (i.e., the 1970s):555

1.  Surgical  series  have  generally  reported  favorable  results,  although  direct 

clipping  of  the  aneurysm  has  been  accomplished  only  30–46%  of  cases.553,555

Adjunctive  surgical  techniques  such  as  trapping,  large  vessel  occlusion,  or 

bypass are frequently required.

2.  Endovascular series have also reported good results.563

3.  A recent single-center retrospective review found complete obliteration rates of 

94%  for  surgical  patients  and  82%  for  endovascular  patients,  with  no  deaths 

and  similar  rates  of  new  neurological  deficits  (7.7%  for  surgery  and  6.3%  for 

endovascular treatment).555

4.  A  multidisciplinary  approach  is  important,  with  participation  of  pediatric 

neurosurgeons, vascular neurosurgeons, and neurointerventionalists, decision 

making and management.

5. Meticulous follow-up is mandatory after both surgery and endovascular treatment:

(a)  De  novo  aneurysms  occurred  in  up  19%  of  patients  after  treatment 

(mean follow-up 5.7 years).555

(b)  Sanai and colleagues recommended angiography 6 and 24 months after 

endovascular  treatment  and  3–5  years  after  surgery,  with  additional 

surveillance depending on the findings of these studies. 555
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13.5.2.1.    Unruptured aneurysms and pregnancy

The risk of SAH in pregnant patients with an unruptured aneurysm is five times 

that of nonpregnant women in the same age group.564,565 The risk of rupture increases with  advancing  maternal  age 564-566                                       564  and  as  gestation  progresses.  These  observations, combined with the considerable risk of SAH to the mother and the fetus, support treat-ment of unruptured aneurysms before patients become pregnant.

13.5.2.2.    Evaluation

1.  Head CT and cerebral angiography can both be performed safely during preg-

nancy.  Recommendations  for  radiation  exposure  of  the  fetus  include  a  maxi-

mum  dose  of  0.5 rem  (roentgen-equivalent-man).567 By  shielding  the  uterus with a lead apron, the maximum dose to the fetus during a head CT is less than 

0.05 rem.568

2.  Catheter angiography in pregnant patients is discussed in Chap. 2, Diagnostic 

Cerebral Angiography. The diagnostic yield of angiography in aneurysmal SAH during pregnancy is believed to be superior to that of the general population.

 

13.5.2.3.    SAH in pregnant patients

CLINICAL FEATURES

1.  The incidence of spontaneous SAH during pregnancy is 0.01–0.05% of all preg-

nancies.564,569,570

2.  The risk of hemorrhage increases with advancing gestational age, peaking at 

30–34 weeks.569

3.  The overall mortality rate is 35%, comparable to that of the nonpregnant popu-

lation.569

4.  The  effect  of  parity  on  subarachnoid  hemorrhage  is  unclear.  The  most 

recent  data  suggest  that  primigravidae  are  at  higher  risk  than  multiparous 

woman.569,571

5.  The clinical features of aneurysmal subarachnoid hemorrhage in pregnant 

patients  are  similar  to  those  of  nonpregnant  patients.569 “The  worst  head-ache  of  my  life”  is  the  most  common  presenting  complaint.  A  history  of  a 

sentinel headache may be present in 50% of cases.572

6.  Hypertension  is  a  risk  factor  for  SAH  during  pregnancy,  occurring  in  29%  of 

patients with antepartum aneurysmal hemorrhage and in 67% of patients with 

postpartum aneurysmal hemorrhage.569

 

DIFFERENTIAL DIAGNOSIS

1.  As with SAH in the general population, trauma is the most common cause of 

SAH in pregnant patients.564

2.  SAH must be distinguished from preeclampsia and eclampsia, which are more 

common  than  SAH  in  pregnant  women  and  can  appear  with  features  similar 

to  those  of  spontaneous  SAH.  In  addition,  aneurysmal  SAH  can  precipitate 

preeclampsia:

(a)  Preeclampsia  is  defined  as  the  presence  of  hypertension  in  pregnant 

patients accompanied by proteinuria, edema, or both. Preeclampsia typi-

cally occurs after the 24th week of pregnancy and usually in primiparas. 

Severe  preeclampsia  can  include  a  sharp  increase  in  blood  pressure, 

hyperreflexia, neurologic changes and visual disturbances.

(b)  Eclampsia  is  defined  as  the  occurrence  of  seizures  in  a  preeclamptic 

patient  not  attributable  to  other  causes  and  can  cause  intracranial 

hemorrhage. Of patients with fatal eclampsia, 40% exhibit subarachnoid 

hemorrhage or intraparenchymal hemorrhage on autopsy,573, 574 although the  incidence  in  nonfatal  cases  is  unknown. 569  Typical  CT  findings  in 
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eclampsia  are  multiple  subcortical  petechial  hemorrhages  or  a  single, 

large intracerebral hematoma.569

3.  The next most common cause of spontaneous intracranial hemorrhage during 

pregnancy after eclamptic disorders and aneurysmal SAH is a ruptured AVM. 

In  a  series  of  154  cases  of  intracranial  hemorrhage  during  pregnancy,  aneu-

rysms were the cause in 77% of patients and AVMs in 23%.569

4.  Other  causes  of  spontaneous  SAH  during  pregnancy  include  disseminated 

intravascular  coagulopathy,575                          575                                  576  sickle  cell  anemia,  anticoagulation  therapy,

cocaine abuse,577 metastatic choriocarcinoma,578 Moyamoya disease,579 and spinal 

vascular anomalies.564

 

NEUROVASCULAR MANAGEMENT

1.  Standard medical management of a pregnant patient with SAH includes:

(a)  Placement  of  an  arterial  line  to  permit  continuous  monitoring  of  blood 

pressure and treatment of hypertension and hypotension:

●   Hypotension  should  be  avoided  because  the  fetus  is  passively 

dependent on maternal blood pressure for adequate perfusion and 

is vulnerable to maternal hypotension.

(b)  Continuous fetal heart rate monitoring.

(c)  Adequate analgesia, sedation, and antiemetics should be provided.

(d)  Medication  selection  should  be  done  in  consultation  with  a  pharmacist 

with consideration of the possible effects of each drug on the fetus.

2.  Treatment to prevent rebleeding is recommended:

(a)  Rehemorrhage  without  surgical  or  endovascular  treatment  during  the 

pregnancy occurs in 33–50% of cases and is associated with a maternal 

mortality rate of 50–68%.569,580-582

(b)  In a study of 118 pregnant patients with aneurysmal SAH, surgical treat-

ment of the ruptured aneurysm was associated with significantly lower 

maternal and fetal mortality rates than conservative treatment:569

●   The maternal mortality rate in patients undergoing surgery for the 

ruptured aneurysm prior to delivery (11%) was significantly lower 

than for patients not undergoing surgery (63%). The fetal mortal-

ity rate was significantly better after surgery (5%) compared with 

patients not undergoing surgery (27%).569

(c)  The  decision  to  treat  the  aneurysm  should  be  based  on  neurosurgical 

criteria, and the method of delivery should be based on obstetric consid-

erations:

●   Obstetrical issues should take priority over neurosurgical concerns 

during  active  labor  (which  can  be  triggered  by  SAH),  eclampsia, 

or  fetal  distress.  In  these  cases,  delivery  should  be  performed 

promptly by cesarean section, followed as soon as possible by neu-

rosurgical treatment.564,583

3.  Both  surgery569                                         584-586  and  endovascular  techniques  are  valid  options  for  treat-

ment of the aneurysm during pregnancy.

 

OBSTETRICAL MANAGEMENT

1.  Method of delivery. Delivery should be undertaken in most situations according 

to obstetric rather than neurosurgical criteria. Both vaginal delivery and cesar-

ean  section  are  reasonable,  and  neither  method  seems  to  offer  a  significant 

advantage for patients with SAH. The risk of bleeding during vaginal delivery 

is  not  significantly  different  from  that  during  cesarean  section.566  Mortality 

rates  also  appear  to  be  similar  after  vaginal  delivery  or  cesarean  section  for 

pregnant patients with vascular disorders:569,571,587,588

(a)  Obstetric methods to minimize bleeding during vaginal delivery include 

caudal  or  epidural  anesthesia,  shortening  of  the  second  stage  of  labor, 

and low forceps delivery.

(b)  Cesarean delivery can be used for fetal salvage when the mother is mori-

bund and in the third trimester.589

2.  Fetal  monitoring.  Patients  should  be  followed  before,  during,  and  after  neu-

rosurgical  procedures  with  continuous  fetal  monitoring.  If  persistent  fetal 

distress appears and is not reversed by changes in oxygenation, positioning, or 

blood pressure, emergent cesarean delivery should be performed:
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(a)  If  labor  begins  and  delivery  becomes  imminent  during  craniotomy,  the 

intracranial  procedure  should  be  suspended,  the  bone  flap  temporarily 

replaced if possible, and the child delivered vaginally or by cesarean sec-

tion according to obstetric indications. The intracranial procedure should 

be resumed after delivery.

3.  Oxytocin  is  used  to  control  uterine  bleeding  after  delivery.  The  safety  of  oxy-

tocin in patients with SAH is not clear. However, oxytocin can cause maternal 

hypertension,  and  it  does  appear  to  have  effects  on  cerebral  vasoconstrictive 

effects.590,591  Therefore,  the  authors  of  this  handbook  prefer  to  avoid  the  use of  oxytocin  in  patients  with  SAH  when  possible,  particularly  if  the  ruptured 

aneurysm has not yet been treated or if the patient is felt to be at significant 

risk of vasospasm. A neonatologist or a pediatric intensivist should be available 

for care of the anesthetized infant.566,569

 

OUTCOMES

Dias  and  Sekhar  found  the  overall  maternal  mortality  rate  from  aneurysmal 

subarachnoid hemorrhage to be 35%,569 which is similar to that of the nonpregnant population. The fetal mortality rate was 17%.

 

13.5.3.     Elderly patients with aneurysms

Elderly patients are defined by most authors as those who are ≥70 years of age.

13.5.3.1.    Unruptured aneurysms in the elderly

1.  As  life  expectancy  increases  and  noninvasive  imaging  becomes  less  expensive 

and  more  widespread,  unruptured  aneurysms  are  being  identified  in  greater 

numbers of older patients.

2.  Surgical outcomes are related to age.592 Although a systematic review of surgical 

series published between 1966 and 1996 did not find a significant relationship 

between age and surgical outcomes, 119 other studies have found advanced age to  be  a  predictor  of  poor  outcome  after  surgery  for  unruptured  aneurysms.121 ISUIA  found  that  poor  outcomes  in  patients  having  surgery  for  unruptured 

aneurysms  increased  in  frequency  with  each  decade  of  life  beginning  at  age 

50.99 At age ≥70, poor outcome, defined as death, a Rankin score between 3 and 5, or impaired cognitive status, occurred in about 30% of patients:

(a)  In a single-center series of elderly patients being treated for unruptured 

aneurysms, 6-month outcomes were: excellent, 70%; good, 15%; fair, 5%; 

poor, 7.5%; and death, 2.5%. 593

3.  Endovascular treatment appears to be better tolerated in elderly patients than 

surgery.  Single-center  series  of  endovascular  treatment  of  unruptured  aneu-

rysms in elderly patients have reported outcomes that are comparable to out-

comes in younger patients.594,595 In a series of 22 elderly endovascular patients, 20 (91%) had excellent outcomes (modified Rankin Scale score 0 or 1):595

(a)  Although an effect of age similar to that of surgery was not found in the 

endovascular  group  in  ISUIA,  the  size  of  the  endovascular  cohort  (451 

patients)  was  much  smaller  than  the  surgical  group  (1,917  patients), 

and therefore the size of the group may have been too small to detect a 

statistically significant effect.

(b)  An advantage of treating elderly patients with endovascular techniques 

is  that  long-term  outcome  may  be  less  important  than  in  younger 

patients, given a shorter overall life expectancy.594

4.  Decision making in elderly patients with an unruptured aneurysm should take 

into account the life expectancy of the patient (see Table 13.5), a realistic esti-mate of the risk of rupture, and an estimate of morbidity and mortality with 

treatment. Good results can be obtained both with surgery and with endovas-

cular treatment in carefully selected patients.593 The authors of this handbook favor endovascular treatment when possible and reserve serious consideration 

of treatment of unruptured aneurysms in elderly patients to those who are rela-

tively  healthy,  with  an  aneurysm  that  is  large,  symptomatic,  in  the  posterior 

circulation, or found to be enlarging on serial imaging.
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1.  Increasing life expectancy in recent years has translated into a larger percent-

age of SAH patients who are elderly.596

2.  Outcome is strongly related to age in patients with SAH: 594,597,598

(a)  In  a  series  consisting  of  both  surgical  and  endovascularly  treated  SAH 

patients, 21% of elderly patients were independent at discharge.599

(b)  In  a  study  of  case  fatality  rates  over  time,  improvements  in  survival 

among  younger  patients  with  SAH  were  offset  by  increasing  numbers 

of elderly patients, who have not experienced a similar improvement in 

outcome. 596

(c)  Interestingly, Japanese studies have consistently reported better results 

in elderly patients, even among patients age ≥    598,600,601 80.

3.  Among the elderly, poor-grade patients (Hunt–Hess 4 or 5) do very poorly:598,599,602

(a)  In  recent  studies  of  elderly  patients  treated  with  endovascular  tech-

niques,  77%  of  poor-grade  patients  had  a  very  poor  outcome  (modified 

Rankin  Scale  score,  4–5).  Similarly,  in  another  series,  62%  of  patients 

were severely disabled or dead.603

4.  In endovascular series, a significant percentage of good-grade elderly patients 

with SAH have had good outcomes. In one series, 89% of the patients with low-

grade SAH (Hunt and Hess Grade 1 or 2) achieved excellent outcomes (modified 

Rankin Scale score, 0–1).595

5.  The authors favor endovascular treatment for good-grade elderly patients with 

SAH.  Poor-grade  patients  are  candidates  for  endovascular  treatment  provided 

that the patient’s family understands that the chance of a good outcome is low.

 

13.5.4.     Infectious aneurysm

The  first  report  of  an  infectious  intracranial  aneurysm  appeared  in  1869  and 

described  a  13-year-old  boy  with  mitral  valve  endocarditis.604 Although mycotic  is synonymous with fungal, the term mycotic aneurysm is a colloquialism for all infec-tious aneurysms and is attributed to William Osler, who used it to refer to an aortic aneurysm that arose in the setting of bacterial endocarditis. 605

 

13.5.4.1.    Epidemiology and Etiology

1.  In  autopsy  series,  infectious  aneurysms  comprise  some  2.6–6%  of  all  intrac-

ranial aneurysms in adults,606 although a recent report from a busy cerebrov-

ascular center found that infectious aneurysms accounted for less than 1% of 

all  treated  aneurysms.607  Infectious  aneurysms  seem  to  be  somewhat  more 

common in children, comprising some 2–10% of reported cases of intracranial 

aneurysms in children.554,608

2.  Some 65–80% of patients with intracranial infectious aneurysms have endo-

carditis: 607,609

(a)  Conversely, infectious aneurysms occur in 3–15% of patients with infec-

tious endocarditis.610,611

(b)  Other  predisposing  medical  conditions  are  meningitis,  cavernous  sinus 

thrombophlebitis, osteomyelitis of the skull, and sinus infections.612

3.  Some  75%  of  infectious  aneurysms  present  with  rupture,  and  70%  are  found 

in  the  middle  cerebral  artery  territory. 607  Multiple  lesions  are  found  in  20%  of 

patients.613

4. Streptococcal species are the most common cause of infectious aneurysms, and 

staphylococcus species are the second most common cause. In a recent series, 

blood  cultures  identified Streptococcus  viridans  in  37.5%  and Staphylococcus 

aureus  in  18.7%.611  Other  pathogens  include  enterococci, Pseudomonas,  and 

corynebacteria. An organism is not identified in some 12–19% of cases:613,614

(a)  Most bacterially infectious aneurysms occur as the result of intravascu-

lar  seeding.  The  infection  appears  to  begin  in  the  adventitia  and  move 

inward, toward the intimal surface. This pattern has lead to speculation 

that  infectious  dissemination  begins  in  the  Virchow–Robin  spaces  of 

small penetrating vessels.615
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(b)  Infectious  aneurysms  are  typically  friable,  fusiform  in  shape,  and  dif-

ficult to separate from surrounding brain parenchyma.

5.  Intracranial fungal aneurysms are rare, and usually occur in immunocompromised 

patients. Aspergillus is the most common fungal pathogen, followed by Phycomycetes and Candida  albicans.  Aspergillosis  of  the  intracranial  space  can  occur  by  direct extension from the paranasal sinuses or by hematogenous spread from the lungs.616

13.5.4.2.    Management

An algorithm for the management of infectious aneurysms is provided in Fig. 13.6

1.  Antibiotic therapy is first-line treatment for most unruptured infectious aneu-

rysms, and for patients with hemorrhage who do not require urgent surgery.

2.  Specimens for blood culture should be obtained prior to the initiation of antibiotic 

therapy, to permit later speciation and modification of the antibiotic regimen:

(a)  CSF cultures are usually not helpful in identifying pathogens in patients 

with infectious aneurysms caused by hematogenous spread, as they are 

often negative despite an active infection.611,617

3.  The  diagnosis  can  usually  be  made  based  on  CT  findings  and  the  clinical 

situation.  Catheter  angiography  is  necessary  to  affirm  the  diagnosis,  clarify 

anatomy, and to look for other possible lesions.

4.  A prolonged course of antibiotics is usually necessary, for at least 4–6 weeks:

(a)  Infectious aneurysms may continue to decrease in size after discontinu-

ation of antibiotic therapy.618

5.  Surgery:

(a)  Surgery  should  be  reserved  for  hemorrhagic  lesions  that  are  surgically 

accessible, or for lesions that persist or enlarge with conservative man-

agement.

(b)  A course of antibiotic therapy will permit fibrosis of the aneurysm wall 

to occur and may make surgery more feasible.619

(c)  The surgical strategy can consist of trapping and resection, trapping and 

bypass, clipping, or wrapping.607

6.  Endovascular therapy for intracranial infectious aneurysms has been reported. 

Reported strategies include embolization of the aneurysm, or provocative test-

ing followed by endovascular occlusion of the parent vessel.620,621 Endovascular treatment  is  appropriate  for  lesions  that  are  poorly  accessible  by  surgery,  or 

for patients who are poor surgical candidates. The fragility of these aneurysms 

and the adjacent vessels may increase the risk of endovascular techniques.621 A theoretical drawback to endovascular treatment is the threat of trapping, or 

sequestering  bacteria  within  the  lesion,  making  them  less  accessible  to  sys-

temic antibiotic therapy, although this phenomenon has not been reported.

7.  Radiographic follow-up. Infectious aneurysms may shrink, stabilize, or enlarge 

despite antibiotic therapy and even surgery, necessitating routine radiographic 

follow-up. Some authors have recommended serial angiography as frequently as 

7 days, 14 days, 1 month, 3 months, and 1 year after the initiation of therapy. 614 The authors of this handbook prefer to use noninvasive imaging, such as CTA, 

for  surveillance  imaging  after  treatment,  with  at  least  one  follow-up  catheter 

angiogram after completion of treatment to ensure resolution of the lesion.

13.5.4.3.    Outcomes

1.  Historical mortality rates have approached 40%.614

2.  Recent  series  have  reported  an  overall  mortality  rate  of  10–18.7%,607,611  with 

good outcomes occurring in 80% of cases:607

(a)  Infectious aneurysms of the cavernous segment of the ICA seem to carry 

the  best  prognosis,  only  one  death  and  one  poor  outcome  have  been 

reported in a series of 18 patients. 614,622

3.  Fungal aneurysms carry a worse prognosis, with mortality rates of 85–90%.616

 

13.5.5.     Giant aneurysms

Giant  intracranial  aneurysms  are,  by  definition,  ≥25 mm  in  diameter.  The  first 

report  of  a  giant  aneurysm  was  in  1875;  the  lesion  was  diagnosed  by  an  audible bruit.623  Giant  aneurysm  morphology  may  be  saccular  or  fusiform,  and  the  lesions 
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Fig. 13.6 Treatment algorithm for infectious intracranial aneurysms. Adapted from 

Neurosurgery, 51:1145-51, Phuong LK, Link M, Wijdicks E: “Management of intracranial 

infectious aneurysms: a series of 16 cases.” © 2002 Lippincott Williams & Wilkins, with 

permission.

seem  to  have  a  propensity  for  the  posterior  circulation,  occurring  in  the  vertebro-basilar system in about a third of cases.624 The presence of intraluminal thrombus is common. Giant aneurysms are thought to form via several different mechanisms. In smaller  aneurysms  destined  to  become  giant  ones,  damage  to  the  endothelium  and internal elastic lamina and stagnant flow may induce mural thrombus formation, fol-lowed by scarring and further weakening of the wall. The presence of a thrombus may exacerbate turbulent flow, cause further damage to the aneurysm wall and increase 

 

INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE            13.5. Intracranial aneurysms: Special situations                  487 wall shear stress. These aneurysms may also grow because of recurrent hemorrhage within the wall of the aneurysm; the highly vascular wall of a giant aneurysm may behave  like  a  growing  encapsulated  chronic  subdural  hematoma.625,626  In  addition, intrathrombotic capillary channels may also be an important factor in the growth of thrombosed giant aneurysms.627

13.5.5.1.    Epidemiology

1.  Giant aneurysms comprise ~5% of all intracranial aneurysms.628,629

2.  They typically present in the fifth to seventh decade of life.628,630

3.  They are slightly more common in women.628

13.5.5.2.    Presentation

1.  Approximately one third to one half of patients with giant aneurysms present 

with SAH.628,631,632

2.  Some  50–70%  of  patients  present  with  mass  effect  or  brain  edema  caused  by 

intraluminal thrombosis: 628,632,633

(a)  It is important to note that an acute thrombus within an aneurysm can 

promote vasogenic edema in surrounding brain tissue just like an intrac-

erebral hematoma.

3.  About 8% of patients present with thromboembolic symptoms from an intralu-

minal thrombus.628

4.  Hypothalamic 634                                      635  or  frontal  lobe  dysfunction  is  also  present  in  some 

patients.

5.  Most  giant  aneurysms  arise  from  the  ICA,  MCA,  or  vertebrobasilar  system. 

Giant aneurysms of the ACA are rare:

(a)  In  a  series  of  18  patients  with  giant  ACA  aneurysms,  dementia  was 

present in patients with aneurysms ≥3.5 cm in diameter, and was caused by  direct  brain  compression  rather  than  hydrocephalus. 636  Optic  appa-ratus compression was seen with smaller aneurysms (2.7–3.2 cm) when 

they pointed inferiorly.

13.5.5.3.    Evaluation

1.  CT and CTA can identify the dimensions of the lesion, the presence of intralu-

minal thrombus, calcification of the aneurysm wall, surrounding brain edema, 

as well as pertinent skull base anatomy, should surgery be anticipated.

2.  Catheter angiography is complimentary to CTA and can demonstrate precise vas-

cular anatomy, collateral circulation, and information about blood flow dynamics.

13.5.5.4.    Natural history

1.  Risk of rupture:

(a)  ISUIA: The annual risk of rupture for giant aneurysms is substantial:99

●      Anterior communicating artery/MCA/ICA: 8.0%. ●      Posterior circulation and P-comm: 10%. ●      Cavernous ICA: 1.28%.

(b)  Early series of patients with untreated giant aneurysms reported mor-

tality rates of 75–100% within 2–5 years.637,638

(c)  The risk of rehemorrhage after an initial SAH may be similar to that of 

smaller aneurysms; in a recent series the cumulative risk of rebleeding 

was 18.4% within 14 days of admission. 339 Of those, one third died during the hospitalization.

2.  In patients with SAH due to a ruptured giant aneurysm, the mortality rate is 

>50%.639

13.5.5.5.    Management

1.  Medical management, consisting of blood pressure management, smoking ces-

sation,  and  antiplatelet  therapy  –  if  symptoms  attributable  to  intraluminal 

thrombosis  are  present  –  is  appropriate  for  patients  who  are  at  high  risk  of 
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complications  with  surgical  or  endovascular  treatment.  Elderly  patients  or 

those with significant comorbidities or extremely complex lesions may be better 

off with a conservative approach.

2.  Surgery. An array of surgical strategies exist for giant aneurysms, including clip-

ping, trapping with or without a bypass, proximal occlusion, and graduated surgi-

cal occlusion of the cervical common carotid artery (e.g., placement of a Selverstone 

clamp)  to  reduce  flow  to  the  lesion  and  promote  thrombosis.  Additional  surgical 

techniques include hypothermic cardiac arrest and various skull base approaches.

3.  Endovascular techniques:

(a)  Parent  vessel  sacrifice.640,641  Endovascular  sacrifice  of  the  vessel  is  an 

established  approach  for  the  treatment  of  giant  aneurysms.  A  balloon 

test occlusion is usually necessary for carotid lesions.

(b)  Primary coiling.632,640,642 Occlusion of a giant aneurysm by coil emboliza-

tion is an option but is typically problematic, particularly for very large 

aneurysms or when intraluminal thrombus is present. Giant aneurysms 

require  a  large  number  of  coils  for  complete  embolization,  larger  aneu-

rysms are prone to recur after coiling, and, if a thrombus is present, the 

coil  mass  can  sink  into  the  clot  following  embolization  like  a  Cadillac 

parked in the sand at the beach:

●   Most  operators  recommend  parent  vessel  sacrifice  over  primary 

coiling as the first endovascular option for giant aneurysms. In two 

endovascular  series,  hemorrhage  occurred  after  coiling  in  33%643 and  6.4%632  of  patients,  whereas  no  hemorrhages  occurred  after parent vessel sacrifice.

(c)  Stent-assisted  coiling.644  Some  wide-necked  giant  saccular  aneurysms 

and fusiform aneurysms can be treated with stent-assisted coiling.

(d)  Covered stent.645 Covered stents (also known as “stent-grafts”) have been 

used for the treatment of giant and fusiform aneurysms.

 

13.5.6.     Dissecting intracranial aneurysms

Spontaneously dissecting aneurysms are uncommon (traumatic dissecting aneu-

rysms are considered below), but are distinctly different from more common saccular aneurysms. Dissecting aneurysms also have specific characteristics that distinguish them from lesions that may have similar radiographic features, such as fusiform and dolichoectatic aneurysms. The majority of the literature about dissecting aneurysms is from Japan, although it is not clear whether these lesions are actually more com-mon among the Japanese population, or just more often written about.

13.5.6.1.    Clinical features

1.  In  contrast  to  saccular  aneurysms,  dissecting  aneurysms  have  a  strong  male 

preponderance.646

2.  Also  in  distinction  to  saccular  aneurysms,  the  vast  majority  of  dissecting 

aneurysms  occur  in  the  vertebrobasilar  circulation  rather  than  the  anterior 

circulation. In a Japanese nationwide study of 322 dissecting aneurysms, 93% 

were vertebrobasilar lesions and 7% were in the anterior circulation:646

(a)  Among  anterior  circulation  cases,  ACA  lesions  are  more  common  than 

MCA.647

3. Presentation:

(a)  In contrast to most fusiform and dolichoectatic aneurysms, the evolution 

and  presentation  of  a  dissecting  aneurysm  is  an  acute  and  progressive 

process. 648

(b)  The most common presentation is SAH, occurring in 53% of patients in 

the Japanese nationwide study. 646

(c)  Cerebral ischemia or infarction is also a common mode of presentation. 

In  a  series  of  patients  with  lateral  medullary  infarction  (Wallenberg 

syndrome),  18%  were  attributable  to  intracranial  vertebral  artery  dis-

section.649  In  anterior  circulation  cases,  presentation  with  ischemic symptoms are more common than hemorrhage. 646,647

4. Radiographic appearance:

(a)  Dissecting aneurysms often arise from an arterial trunk, such as the ver-

tebral or basilar arteries or the ICA, in contrast to saccular aneurysms, 

which usually arise from arterial branch points.
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(b)  Dissecting aneurysms are typically irregular structures, often including 

a narrow tapered parent vessel lumen associated with proximal or distal 

focal  dilatation  (“pearl  and  string”  sign).  Arterial  occlusion,  an  intimal 

flap,  a  double  lumen,  extension  of  the  aneurysm  into  distal  branches, 

and  retention  of  contrast  material  into  the  late  venous  phase  are  also 

angiographic features of dissecting aneurysms.274,650

(c)  The  single  pathognomonic  sign  of  a  dissecting  aneurysm  is  a  double 

lumen. 651

(d)  On  MRI,  enhancement  of  the  dissecting  aneurysm  with  gadolinium  is 

seen in 95% of cases. 652

5. Pathogenesis:

(a)  Dissecting  aneurysms  result  primarily  by  a  sudden  disruption  of  the 

internal elastic media.653

(b)  Compared  to  the  extradural  arteries,  normal  intradural  arteries  have 

a  thin  media  and  adventitia  with  relatively  few  elastic  fibers,  making 

them more vulnerable to dissection, hemorrhage, and pseudoaneurysm 

formation.654 Also, intracranial arteries have diminished vasa vasorum, which may limit healing.655

(c)  Dissecting  aneurysms  are  dynamic  lesions,  with  evolution  of  the  angi-

ographic appearance characteristically occurring over 2–3 months.

(d)  Most  spontaneous  dissecting  aneurysms  are  idiopathic,  although  asso-

ciated  risk  factors  include  atherosclerosis,  hypertension,  a  history  of 

tumor resection, aneurysm clipping, or head injury, mucoid degeneration 

of the media, syphilis, migraines, fibromuscular dysplasia, homocystinu-

ria, strenuous physical exertion, periarteritis nodosa, moyamoya disease, 

Guillain–Barré syndrome, and Marfan syndrome.647,656

13.5.6.2.    Management

1.  Hemorrhagic dissecting aneurysms:

(a)  The risk of rebleeding for ruptured dissecting aneurysms is significant, 

and  may  be  higher  than  that  for  saccular  aneurysms.  In  a  series  of  31 

patients  with  ruptured  vertebrobasilar  dissecting  aneurysms  managed 

either with or without surgery, the rate of rebleeding was 71.4%, with an 

associated mortality rate of 46.7%.657

(b)  Treatment  of  dissecting  aneurysms  is  controversial;  although  most  agree 

that either surgery or endovascular treatment to prevent rebleeding is criti-

cal. In a series of ruptured dissecting aneurysms, the mortality rate in the 

treated group was 20%, whereas that in the untreated group was 50%: 270

●   Surgical techniques include proximal occlusion of the parent vessel, 

trapping of the lesion, and wrapping. When sacrifice of a portion of 

a vessel with critical branches is anticipated, surgical bypass may 

be necessary. Clipping of the aneurysm at the neck, as is done with 

saccular aneurysms, is generally not feasible.

●   Primary  endovascular  options  include  proximal  occlusion  and 

parent vessel occlusion.270,658 Stent placement for the treatment of dissecting aneurysms has also been reported:659,660

–  Recent  endovascular  series  have  reported  favorable  results. 

A  recent  series  of  29  patients  reported  overall  morbidity  and 

mortality rates of 13.8 and 17.2%, respectively.658

2.  Nonhemorrhagic dissecting aneurysms:

(a)  For symptomatic dissecting aneurysms without hemorrhage, conserva-

tive management may be the best option. In the Japanese nationwide 

study,  the  majority  of  nonhemorrhagic  dissecting  aneurysms  were 

managed  without  surgery  or  intervention,  and  a  good  recovery  (by 

Glasgow outcome scale) was achieved in 79% of patients.646

 

13.5.7.  Dolichoectatic, fusiform and serpentine 

aneurysms

Dolichoectatic and fusiform aneurysms are uncommon, accounting for <2% of all 

intracranial aneurysms.661-663 The term serpentine aneurysm generally refers to giant dolichoectatic aneurysms filled largely with thrombus;664 these lesions are also very 
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13.5.7.1.    Presentation

Symptoms  may  arise  from  compression  of  neural  structures,  cerebral  ischemia, 

or  rupture. 665  Compression  and  ischemia  are  the  most  common  causes  of  symp-toms.666,668-670 Cranial nerve dysfunction appears in multiple reports, as do symptoms from  brainstem  compression.  In  a  series  of  132  patients  with  “megadolichoverte-brobasilar  anomaly,”  31%  of  patients  had  symptoms  attributable  to  brainstem  or cerebellar  compression. 671  Hydrocephalus  can  occur  in  patients  with  basilar  artery dolichoectasia.666,672 Ischemic symptoms occurred in 25% of patients in one series,665 and can result from obstruction of perforating vessels or embolization of intraluminal thrombus.  Compared  to  saccular  aneurysms,  rupture  is  relatively  uncommon  as  a presenting symptom, occurring in 18–40% of patients.661,665,666,668

 

13.5.7.2.    Pathogenesis

Intracranial fusiform aneurysms can be divided into two types: acute dissecting 

aneurysms and chronic fusiform or dolichoectatic aneurysms. 673 Arterial dissection is thought to be a factor in the formation of a significant percentage of fusiform intrac-ranial  aneurysms,  particularly  those  without  elongation  or  tortuosity  of  the  parent vessel.654,674,675  An  acute  dissection  may  be  the  inciting  event  in  the  pathogenesis  of chronic fusiform aneurysms. 663 A series of four cases of dolichoectasia were found on MRI imaging to be dissections with aneurysmal dilation.676

Atherosclerosis, formerly thought to be an important factor in dolichoectasia, 

may not be a common feature of these lesions. Pathological studies of dolichoectatic aneurysms have found atherosclerosis to be absent or not a significant finding.673,677 However, defects in the internal elastic lamina are a consistent pathological find-ing  in  most  dolichoectatic  aneurysms. 665,677-679  Chronic  fusiform  and  dolichoectatic aneurysms  may  actually  be  progressive  lesions  that  begin  with  fragmentation  of the internal elastic lamina, followed by neoangiogenesis within a thickened intima, intramural thrombus formation, and repetitive intramural hemorrhage from newly formed vessels within the thrombus.673

 

13.5.7.3.    Natural history

Most  natural  history  data  pertain  to  vertebrobasilar  dolichoectasia.  A  cohort 

study  of  45  patients  with  vertebrobasilar  dolichoectasia  found  an  increased  risk  of stroke  in  affected  patients  (OR  =  3.6,               680 p  =  0.018).  In  a  prospective  study  of  159 patients  with  vertebrobasilar  fusiform  aneurysms  or  dolichoectasia,  the  1-,  5-,  and 10-year risk of cerebral infarction due to the vertebral artery lesion was 2.7, 11.3, and 15.9%, respectively.670 The risk of recurrent ischemic symptoms was 6.7% per patient year. Median survival was 7.8 years and death was most commonly due to ischemia. In a prospective study of hemorrhage risk with a mean follow-up 4.4 years, the annual rupture rate was 0.9% overall and 2.3% in those with transitional or fusiform aneu-rysm  subtypes.667  Evidence  of  aneurysm  enlargement  was  a  significant  predictor  of lesion rupture.

13.5.7.4.    Management

Surgery or endovascular treatment is indicated for select patients with sympto-

matic  lesions  who  are  good  candidates  for  a  major  intracranial  procedure.  Surgery of fusiform and dolichoectatic aneurysms can be complex. In some cases, the parent vessel  can  be  reconstructed  with  a  series  of  stacked  fenestrated  clips.  Wrapping  of fusiform aneurysms with cotton or some other material is of unclear benefit. Surgical trapping or proximal occlusions, with or without a bypass, and with or without debulk-ing  of  the  aneurysm  are  other  options.  Trapping  is  superior  to  proximal  occlusion 

 

INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE            13.5. Intracranial aneurysms: Special situations                  491 when possible. Because of the rarity of these lesions, endovascular reports are limited to case reports and small series. Good results have been obtained with endovascular parent vessel occlusion641,681 and intravascular stenting combined with coiling.644 For cases that are managed conservatively, some authors advocate anticoagulation 663 or antiplatelet therapy to minimize the risk of ischemic symptoms.666

 

13.5.8.     Traumatic aneurysms and traumatic 

subarachnoid hemorrhage

 

13.5.8.1.    Traumatic aneurysms

1.  Traumatic  aneurysms  comprise  <1%  of  all  intracranial  aneurysms,682,683  how-

ever they account for up to one third of all pediatric intracranial aneurysms.561

2.  Presentation:

(a)  Traumatic  aneurysms  are  commonly  found  after  the  appearance  of 

delayed  SAH  after  head  injury,  or  unexplained  neurological  dete-

rioration,  epistaxis,  cranial  nerve  palsy,  or  unexplained  cortical  bleed-

ing.213,684,685

(b)  Traumatic aneurysms usually require a period of time to develop, rang-

ing from 2685                686 to 3 weeks after the initial injury.

3.  Diagnosis:

(a)  A history of head injury is the main criterion for diagnosis.

(b)  Typical  angiographic  features  include  a  location  in  the  peripheral  vas-

culature,  delayed  filling  and  emptying  of  the  aneurysm,  an  irregular 

contour, no visible neck, and a location separate from common arterial 

branch points. 554,683,687

4.  Traumatic  aneurysms  can  be  divided  into  those  arising  from  nonpenetrating 

head injury and those arising from penetrating head injury. Nonpenetrating head 

injury is a more common cause of traumatic aneurysms than penetrating injury:

(a)  Nonpenetrating head injury:

●   Traumatic  aneurysms  due  to  nonpenetrating  head  injury  usually 

result  from  rapid  deceleration,  causing  sudden  brain  movement 

and  vessel  wall  injury  from  stationary  structures.  Injury  to  the 

pericallosal artery by the edge of the falx accounts for the finding 

that  distal  ACA  is  the  most  common  location  for  traumatic  aneu-

rysms in children.561

●   The  majority  of  traumatic  aneurysms  are  found  in  the  anterior 

circulation.  A  review  published  in  2002  found  only  21  reports  of 

posterior circulation traumatic aneurysms in the English language 

literature. 688

●   Skull  fractures  are  a  harbinger  of  traumatic  aneurysms,  and  are 

present  in  some  90%  of  traumatic  intracranial  aneurysms. 683 Cortical  traumatic  aneurysms  may  appear  adjacent  to  calvarial 

fractures, 689  and  traumatic  aneurysms  of  the  petrous  or  cavern-ous  ICA  are  almost  always  associated  with  basilar  skull  frac-

tures:685,690,691

–  In  a  series  of  55  patients  with  carotid  canal  fractures,  ICA 

injury  was  found  in  six  cases,  two  of  which  were  traumatic 

aneurysms.692

(b)  Penetrating head injury:

●   Traumatic  aneurysms  due  to  penetrating  injury  may  appear  as 

early as 2 h after the injury, and appear most frequently on periph-

eral branches of the middle cerebral artery, and less often on the 

pericallosal  artery.693  Posterior  circulation  aneurysms  are  rare, probably  because  penetrating  trauma  to  that  part  of  the  head  is 

often fatal.

●                                                                               693 Some 20% of these lesions are multiple.

5.  Management:

(a)  Obliteration  of  the  aneurysm  or  sacrifice  of  the  parent  vessel  is 

recommended  for  patients  with  traumatic  intracranial  aneurysms. 

Conservative management is associated with a mortality rate of nearly 

50%,561,683,694 and death is three times less likely if a traumatic aneurysm 
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is identified before a hemorrhage has occurred, compared with diagnosis 

after rupture. 231

(b)  Clinical series of endovascular test occlusion followed by sacrifice of the 

parent vessel have reported favorable results.685,695

(c)  Both  surgical  and  endovascular  techniques  can  be  necessary  for  the 

management of aneurysms due to penetrating trauma.696

13.5.8.2.    Traumatic subarachnoid hemorrhage

Trauma  is  the  single  most  common  cause  of  SAH.  Subarachnoid  hemorrhage 

occurs in 33–60% of patients with traumatic brain injury697-699 and is associated with worse outcomes. 698,700 However, it is not clear whether the finding of traumatic SAH on CT is an independent risk factor for poor outcomes, as good outcomes have been reported in >90% of patients with                                   701,702 mild head injury and SAH on CT. Although some  data  from  angiography,  TCD  measurements,  and  CBF  studies  indicate  that vasospasm  occurs  in  patients  with  head  injury  less  frequently  or  as  frequently as  patients  with  aneurysmal  SAH,703,704  other  studies  indicate  that  the  incidence of  vasospasm  in  head  injury  patients  is  low  and  does  not  lead  to  ischemic  brain injury.705,706 Moreover, assessment of the effects of vasospasm in head injury is con-founded by the array of brain injuries attributable to the trauma itself. Several trials have evaluated the efficacy of calcium channel blockers in traumatic brain injury. A systematic review of six randomized controlled trials found a benefit in unfavorable outcomes (odds ratio 0.67, 95% CI 0.46–0.98),707 although increased adverse reactions in  the  treated  groups  may  offset  the  benefit.  Published  endovascular  management of vasospasm after traumatic SAH is limited to a case report describing papaverine infusion in this setting. 708
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Arteriovenous malformations (AVMs) are congenital vascular lesions that may appear throughout  the  central  nervous  system.  They  consist  of  direct  connections  between arteries  and  veins,  without  an  intervening  capillary  bed.  They  are  believed  to  be about  one-tenth  as  common  as  intracranial  aneurysms.  Spinal  AVMs  are  discussed in Chap. 20. Vein of Galen malformations are a separate entity and are discussed in the Appendix to this chapter.

 

14.1.      Pathophysiology

 

14.1.1.     Pathology

1.  Gross appearance

(a)  Intracranial  AVMs  often  resemble  a  ball  of  red  and  blue  noodles, 

described by Cushing and Bailey as a                         1 snarl of tangled vessels.

(b)  AVMs are frequently pyramidal-shaped lesions, with the base at and par-

allel to the cortical surface and the apex directed toward the ventricle.

(c)  The nidus may be compact or diffuse, and range in size from several mil-

limeters to an entire hemisphere.

(d)  The  adjacent  brain  parenchyma  may  be  hemosiderin-stained  from  pre-

vious  hemorrhage,  and  the  over-lying  meninges  may  be  thickened  and 

fibrotic.2 Extensive gliosis, fibrosis, and calcification may be present.

2.  Histopathological features

(a)  Arteries

●   AVM  arteries  are  abnormally  dilated,  with  marked  thinning  in 

some regions and degeneration or absence of the media and elastic 

lamina.3

●   Degenerative  changes  are  present,  presumably  due  to  wall  shear 

stress caused by high flow.2 These include irregular thickening of the  vessel  wall  in  some  regions,  endothelial  proliferation,  medial 

hypertrophy, and multilaminated, thickened basal laminae.4

(b)  Nidus

●   Nidal vessels may contain a hypertrophic media, blurring the dis-

tinction between arteries and veins.

●   Aneurysms  and  islands  of  sclerotic  tissue  may  be  present  within 

the nidus.

(c)  Veins

●   “Arterialized” veins may exhibit thickening of the vein wall due to 

cellular proliferation. 2

●   Although thickened AVM veins may grossly resemble arteries, they 

lack an organized elastic lamina and therefore are not truly arte-

rial structures.

(d)  Functional brain tissue is usually not present within an AVM, although 

in diffuse lesions, AVM vessels may be separated by normal tissue.

 

14.1.2.     Etiology

1.  AVMs are assumed to appear during fetal development between the fourth and 

eighth weeks of life.

(a)  However, some evidence suggests that AVMs may develop later in life, as 

AVMs are rarely detected in utero5 or found in infants.6 One hypothesis maintains  that  AVMs  first  appear  in  utero  but  then  continue  to  grow 

after birth.5

2.  The precise etiology of AVMs is unclear. Some theories:
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(a)  AVMs represent persistent direct connections between arteries and veins 

within the primitive vascular plexus.

(b)  AVMs are dynamic and result from a derangement in vessel growth, i.e., 

a “proliferative capillaropathy.” 7

(c)  AVMs result from a dysfunction of the remodeling process at the junction 

between capillaries and veins.8

(d)  AVMs may represent fistualized cerebral venous angiomas.9

 

14.1.2.1.    Physiology

1.  Hemodynamic characteristics

(a)  AVMs are typically high-flow, low-resistance systems. 10

(b) Steal  phenomenon.  In  some  cases,  high-flow  diversion  of  blood  flow 

through an unruptured AVM is believed to produce symptoms by reduc-

ing perfusion in adjacent normal brain tissue.11 Steal, as a mechanism of 

symptoms, is thought to be very rare or nonexistent.

●      Regional CBF surrounding the lesion may be reduced. 12

●   Adaptive  changes  in  autoregulation  in  peri-lesional  brain  tissue 

may occur.13

●      Evidence against steal phenomenon: In a prospective study of 152 

patients  with  unruptured  AVMs,  only  2  (1.3%)  had  focal  neuro-

logical symptoms possibly attributable to steal phenomenon. 14 TCD examinations showed no relation between feeding artery pressure 

or flow velocities and neurological deficits; the authors took these 

findings  as  evidence  against  steal  as  a  pathophysiological  mecha-

nism in most patients.

(c)  Increased pressure in feeding arteries and in draining veins (i.e., outflow 

restriction) is associated with hemorrhage. 12,15 2.  Functional displacement. Development of an AVM within the brain appears to 

lead to reorganization and displacement of functional tissue. 16,17

 

14.2.      Clinical features

 

14.2.1.     Epidemiology

1.  Prevalence

(a)  Estimates  of  the  prevalence  of  brain  AVMs  in  the  general  population 

range from 0.005 to 0.6%.18–21 2.  Incidence of AVM-related hemorrhage

(a)  New  York  Islands  Arteriovenous  Malformation  Study. 22,23 Incidence  of 

first-ever AVM hemorrhage: 0.51 per 100,000 person-years.

3.  Slightly more common in men ( 55% of all cases).22,24 4.  Mean age at diagnosis: 31.2 years.24

 

14.2.2.     Anatomic features

1.  Location

(a)  Equally distributed between the left and right sides.25–27

(b)  About  65%  of  lesions  involve  the  cerebral  hemispheres 28;  15%  involve 

deep midline structures, and 20% are in the posterior fossa.29

(c)  Eloquent tissue (sensorimotor, language, or visual cortex; hypothalamus 

or  thalamus;  internal  capsule;  brainstem;  cerebellar  peduncles,  or  cer-

ebellum) is involved in up to 71% of the cases.30 2.  Feeding vessels

(a)  Feeding arteries have been divided into three types 31:
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●   Terminal: Arteries which may supply normal tissue proximally but 

terminate within the AVM.

●   Pseudo-terminal: Feeders that supply normal brain distal to their 

supply to the AVM.

●      Indirect  (aka en  passage):  feeders  that  typically  arise  at  right 

angles from larger normal arteries.

3.  Multiplicity

(a)  Up to 9% of patients have multiple AVMs. 32 (b)  Most patients with multiple AVMs frequently have an associated vascular 

syndrome, such as hereditary hemorrhagic telangiectasia (see below).33

 

14.2.3.     Conditions associated with AVMs

14.2.3.1.    Familial intracranial AVMs

Most intracranial AVMs are sporadic. “Familial” AVMs are rare; only 53 cases in 

25 families have been reported.34 34  A systematic review of reported cases found:

1.  Mean  age  at  diagnosis:  27  years,  which  was  younger  than  in  patients  with 

sporadic AVMs.

2.  Patients with familial AVMs did not differ from the reference populations with 

respect to sex and mode of presentation.

3.  In families with familial AVMs in successive generations, the age of the child at 

diagnosis was younger than the age of the parent at diagnosis which suggests 

clinical anticipation.

14.2.3.2.    Hereditary hemorrhagic telangiectasia

Hereditary  hemorrhagic  telangectasia  (aka  Rendu-Osler-Weber  syndrome)  is 

group of autosomal dominant disorders of vascular structure, affecting the brain as well as the nose, skin, lungs, and gastrointestinal tract. Similar cases were independently reported by Rendu,35        36              37 Osler, and Weber around the beginning of the last century.

1.  Diagnosis is based on four primary clinical features38:

(a)  Spontaneous recurrent nosebleeds

(b)  Muco-cutaneous telangiectasia

(c)  Visceral involvement

(d)  An affected first-degree relative

●      Definite: three criteria are present ●      Suspected: two criteria are present ●      Unlikely: one criterion is present

2.  Epidemiology

(a)  Prevalence is 1 in 5,000–8,000.39–41 (b)  Men and women are affected equally. 42 (c)  Wide  distribution  across  ethnic  groups  but  Caucasians  appear  to  be 

affected primarily.42

3.  Clinical features

(a)  Central nervous system

●   Cerebrovascular abnormalities associated with Rendu-Osler-Weber 

syndrome  include  AVMs,  telangiectasias,  cavernous  malforma-

tions, and aneurysms.43,44

–  An MRI screening study found a prevalence of cerebrovascu-

lar lesions of 23%.45

●   AVMs are the most common vascular lesions. Intracranial or spinal 

AVMs are present in some 10–15% of patients.42,46–48

–  The presence of pulmonary AVMs is a risk factor for having 

brain AVMs.47

–  Brain  AVMs  are  mostly  low-grade  (Spetzler–Martin  Grade  I 

or II) and are frequently multiple.33,47

●   The  incidence  of  hemorrhage  in  patients  with  an  AVM  and  Rendu-

Osler-Weber syndrome is comparable to (or less than) the incidence 

in the non-Rendu-Osler-Weber population, although hemorrhage is 

six times more common among women.47,48

●   Cerebral ischemic events and brain abscesses may be attributable 

to right-to-left shunting due to pulmonary AVMs. 49
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●      Screening  for  brain  AVMs  in  patients  with  Rendu-Osler-Weber 

syndrome is recommended by some authors. 46,48,50

–  CTA is not optimal for screening due to false negative results.47

(b)  Epistaxis

●   Spontaneous epistaxis from telangiectasias of the nasal mucosa is 

the most common clinical manifestation; in 80% of cases epistaxis 

is the first clinical symptom of the disease.51

●   More than 50% of patients have recurrent epistaxis before the age 

of 20.52

●   Epistaxis occurs in a biphasic 24-h pattern, with a primary peak in 

the morning and a smaller second peak in the evening.53

(c)  Skin

●   Cutaneous  and  mucocutaneous  telangiectasias  are  present  in 

50–80% of cases.42

(d)  Lungs

●                                                                                                       46,54,55 Pulmonary AVMs are present in 14–33% of patients. ●   Embolization  to  the  brain  is  a  risk  of  endovascular  treatment  of 

pulmonary AVMs. 56

(e)  GI tract

●   Recurrent  gastrointestinal  hemorrhage  occurs  in  a  minority  of 

cases.42

4.  Pathophysiology

(a)  The initial morphologic change of hereditary hemorrhagic telangiectasia 

consists  of  focal  dilatations  of  postcapillary  venules  accompanied  by  a 

diminishing  capillary  network.42,57  As  the  venules  enlarge  over  time, 

they become tortuous and connected to enlarging arterioles, eventually 

forming direct arteriovenous fistulae.

5.  Genetics

(a)  Autosomal dominant.

(b)  Affected patients are heterozygous; homozygous forms are lethal. 58

(c)  Two genes have been identified:

●                                                                         59,60 Endoglin ( ENG ), on chromosome 9q. ●      Activin-receptor-like kinase (ALK1), on chromosome 12q.61

14.2.3.3.    Wyburn-Mason syndrome

Wyburn-Mason  syndrome  (aka  unilateral  retinocephalic  vascular  malforma-

tion  or  Bonnet-Dechaume-Blanc  syndrome)  is  a  rare  condition  characterized  by  the presence of AVMs in the brain and retina. Roger Wyburn-Mason published the first English  language  analysis  of  this  syndrome  in  London  in  1943.62  Théron  and  col-leagues published an analysis of 25 cases.63

1.  Wyburn-Mason syndrome is congenital, nonhereditary, and without sex or race 

predilection.

2.  The initial diagnosis of the syndrome is usually made when a retinal AVM is 

detected.

3.  The  associated  intracranial  vascular  lesion  is  unilateral,  related  to  the  optic 

pathway, and frequently involves the optic nerve, chiasm, optic tract, and basal 

ganglia.63 In some cases the AVM may extend to the occipital lobe.

14.2.3.4.    Sturge-Weber syndrome

Sturge-Weber syndrome (aka encephalotrigeminal angiomatosis) is a neurocuta-

neous disorder. Patients typically present with angiomas involving the leptomeninges, retina, and the dermatomes (port wine stains) of the face. The leptomeningeal venous angioma consists of numerous small tortuous, thin-walled vessels lying in the pia and adjacent hemisphere, typically in the posterior parietal and anterior occipital lobes. Associated intracranial AVMs have been reported.64,65

 

14.2.4.     Natural history

Natural  history  data  comes  from  numerous  retrospective  studies  and  several 

prospective studies. Estimates of the annual rate of hemorrhage from an AVM range 
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from <2 to 17.8%.27,66–71,70 The risk of hemorrhage from an AVM depends strongly on whether there has been a previous hemorrhage.

1. With a previous hemorrhage

(a)  The  most  commonly  reported  incidence  of  rebleeding  in  the  first  year 

after hemorrhage is approximately 7%.27,67,71–74

●                                           69             73             70 Other studies: 3.9%, 17.9%, 17.8%. ●      Risk decreases to baseline after 3–5 years.67,73

2. Without a previous hemorrhage

(a)  Most studies: 2–4% per year.27,66,69,75,76

3.  Spontaneous regression

(a)  Rare. In a review of 700 cases, a total of six cases (0.9%) of angiographi-

cally documented lesions disappeared on follow-up angiograms. 77 Three of these cases occurred in patients that had undergone partial resection 

of the lesion.

14.2.4.1.    Lifetime risk of hemorrhage

Assuming  a  constant  annual  risk  of  hemorrhage  of  2–4%,  the  lifetime  risk  of 

hemorrhage can be estimated by the following formula78:

Lifetime risk = 1 − (Risk of no hemorrhage)Years remaining of life Alternative  method.  Assuming  a  3%  annual  risk,  lifetime  risk  can  be  approxi-

mated as follows79:

Lifetime risk (%) = 105 − The patient’s age in years (Table 14.1).

 

Table 14.1 Life expectancy table and projected lifetime risk of AVM hemorrhage

Average 

no. of years  Estimated lifetime risk of rupture according to 

Age interval                a                                                b remaining annual risk of rupture

2%          3%         4%

5–9             72.9             0.77             0.89             0.95 10–14           67.9             0.75              0.87              0.94 15–19           63.0             0.72              0.85              0.92 20–24           58.2             0.69              0.83              0.91

25–29           53.5             0.66              0.8               0.89 30–34           48.7             0.63              0.77              0.86 35–39           44               0.59             0.74             0.83 40–44           39.3             0.55              0.7               0.8 45–49           34.8             0.5               0.65              0.76 50–54           30.3             0.46              0.6               0.71 55–59           26.1             0.41              0.55              0.66 60–64           22               0.36             0.49             0.59 65–69           18.2             0.31              0.43              0.52 70–74           14.7             0.26              0.36              0.45 75–79           11.5             0.21              0.3               0.37 80–84           8.8              0.16             0.24              0.3 85–89           6.5              0.12             0.18              0.23 90–94           4.8              0.09             0.14              0.18 95–99           3.6              0.07             0.1               0.14

a Average number of years of life remaining for beginning of age interval. Life expectancy data obtained from the United States Department of Health and Human Services80 b                                                                                                                   27,66,69,75 Annual rupture rates are based on studies of patients without a previous hemorrhage. Lifetime risk of rupture was calculated using the formula 1 – (Risk of no hemorrhage)Years remaining of life.78 Assumptions include a constant risk of rupture and no confounding factors
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Risk of hemorrhage is not uniform across the population of patients with AVM,81

and appears to vary widely according to a number of patient characteristics. However, data  about  risk  factors  for  hemorrhage  must  be  interpreted  with  caution.  For  nearly every factor that has been associated with AVM hemorrhage, there is at least one other study that has not found a significant association 82 .

1.  Prior hemorrhage is a strong predictor of hemorrhage.71,83,84 2.  AVM size – controversial

(a)  Increased bleeding risk has been associated with small AVM.15,27,85–89

(b)  In  contrast,  other  studies  have  found  a  lower  risk  of  hemorrhage  for 

smaller AVMs75,90 or a higher risk for large AVMs.91

(c)  Yet other studies have not found a relationship between size and hemor-

rhage risk.66,73,75

3.  Deep venous drainage.84,88

4.  Presence of only a single draining vein.89 5.  Impaired venous drainage (i.e., venous stenosis or venous reflux).15,92 6.  Infratentorial location.29

7.  Deep brain location.84,93

8.  Periventricular location.94,95

9.  Presence of intracranial aneurysms.75,95,96 10.  Presence of MCA perforator feeding vessels.96 11.  Presence of non-intranidal aneurysms.68 12. Increasing age.26,27,66,81,84

13. Female sex and of reproductive age.90 14.  Hypertension.88

15. Hispanic ethnicity.97

16. A polymorphism in the inflammatory cytokine IL6 (i.e., patients homozygous 

for the interleukin (IL)-6-174 G allele).98

 

14.2.4.3.    Outcome after hemorrhage

The  overall  morbidity  of  AVM  hemorrhage  is  lower  than  it  is  for  intracranial 

hemorrhage due to other causes,83 possibly because AVMs are thought to be congenital lesions, and the adjacent brain is adapted to the presence of the lesion. 99

1.  Mortality with hemorrhage

(a)  5–30% 26,27,66,69,70,72–75,100,101

2.  Morbidity with hemorrhage

(a)  20–30%26,27,66,69,70,72–75,100,101

 

14.2.5.     Presentation

1.  Hemorrhage

(a)  Most  common  symptom  at  presentation,  occurring  in  some  53%  of 

patients at initial diagnosis. 24

2.  Seizures

(a)  After  hemorrhage,  seizures  are  the  second  most  common  presenting 

symptom of intracranial AVMs, occurring in 20–25% of cases. 75,100,102

(b)  The annual incidence of epilepsy in patients with AVMs is 1–4%.27,66

(c)  Lesion  location  in  the  temporal  and  parietal  lobes  is  more  associated 

with seizure disorders than in other locations.66,103

(d)  Seizures associated with parietal lobe AVMs are typically focal, whereas 

seizures due to frontal lobe AVMs are frequently generalized. 100

3.  Headaches

(a)  Headache complaints are more common among patients with AVMs than 

the general population,104 suggesting that unruptured AVMs may cause 

headaches.

(b)  Various  reports  have  described  an  association  between  AVMs  and 

migraine and other headache syndromes.104–106

4.  Developmental learning disorders

(a)  Patients  with  AVMs  are  more  likely  to  have  developmental  learning 

 disorders  than  patients  with  other  intracranial  disorder,  even  many 
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years  prior  to  the  diagnosis  of  the  AVM.107  This  may  be  due  to  subtle injury to the brain by the AVM, displacement of functional tissue by the 

AVM, or steal phenomenon.

 

14.2.6.     Imaging

1.  CT/CTA

(a)  CT  is  still  the  best  imaging  technique  to  check  for  an  acute  hemor-

rhage.

(b)  A noncontrast CT of an unruptured AVM may appear normal; sensitivity 

can be increased by using IV contrast or doing a CTA.

CT findings with AVMs:

–  Heightened vascularity.

–  Serpentine, enlarged veins.

–  In some cases, perilesional atrophy and/or hydrocephalus.

(c)  CTA: AVMs are typically best seen on MIP images.

2.  MRI

(a)  More sensitive than CT in identifying subtle lesions.

(b)  Permits precise anatomic localization of lesions.

(c)  Detection  of  associated  aneurysms  is  limited,  particularly  intranidal 

aneurysms and aneurysms <5 mm in size.108,109

3.  Angiography

(a)  Catheter angiography provides information about AVMs that is superior to 

complimentary compared to other imaging techniques. Advantages include:

●      Greater sensitivity. ●   Able to clarify anatomy of feeding vessels and draining veins (e.g., 

distinguishes  between  ACA  and  MCA  contributions  to  a  cerebral 

convexity lesion).

●      Best imaging technique to identify intranidal aneurysms. ●      Able to determine arteriovenous transit times.

(b)  Angiography remains the gold standard for the evaluation of AVMs, and 

the  authors  of  this  handbook  believe  that  it  should  be  considered  for 

every patient with an intracranial AVM, or an intracerebral hemorrhage 

that may be due to an AVM.

●      Yield  of  angiography  in  patients  with  spontaneous  ICH  (i.e.,  the 

chance of finding an underlying vascular abnormality110:

–  Patients age ≤45 years: 50% –  Patients age >45 years: 18%

–  Patients without a history of hypertension: 44%

–  Patients with a history of hypertension: 9%

(c) Complications: A systematic review found that the risk of complications 

of  angiography  in  patients  with  AVMs  (0.3–0.8%)  is  significantly  lower 

than for patients being evaluated for TIA or stroke (3.0–3.7%).111

 

14.3.      Management

 

Management options for patients with an AVM are

1.  Expectant management

2.  Surgery

3.  Radiosurgery

4.  Embolization

5.  A combination of embolization, radiosurgery, and/or surgery

Obviously, AVMs and patients with them vary greatly, and so the management 

strategy  for  any  given  patient  must  be  highly  individualized.  Mainstream  thinking presently  favors  surgery  or  radiosurgery  for  most  patients112;  embolization  is  usu-ally most useful as a preparatory step prior to surgery or radiosurgery. Conservative management is gaining favor for large or difficult-to-treat lesions, and for patients at high risk of complications.113
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Non-surgical  and  non-interventional  management  of  some  patients  with  AVMs 

is appropriate. Some authors, considering the natural history of asymptomatic AVMs and  the  relative  low  morbidity  associated  with  hemorrhage  of  some  lesions,  argue against  the  routine  treatment  of  asymptomatic  lesions.114  An  ongoing  multicenter study,  A  Randomized  Trial  of  Unruptured  Brain  Arteriovenous  Malformations (ARUBA), is comparing treatment of unruptured lesions with conservative manage-ment (http://www.arubastudy.org). Large AVMs may also warrant conservative man-agement, considering the difficulty and morbidity of treatment.

 

14.3.2.     Surgery

Surgical  resection  of  brain  AVMs  is  the  “gold  standard”  for  the  treatment  of 

small, accessible lesions. 112,115,116 Decision making in most cases begins with stratifica-tion according to the Spetzler–Martin grading system (Table 14.2), which is currently the  most  commonly  used  system.  A  decision  analysis  model  suggested  that  surgi-cal  resection  of  small,  asymptomatic  AVMs,  assuming  a  risk  of  major  neurological morbidity  and  mortality  <6.8%,  offers  the  greatest  overall  quality  of  life  over  time compared to observation or radiosurgery.117

14.3.2.1.    Surgical Outcomes

1.  Obliteration rates.

(a)  Spetzler–Martin grades I–III: 94–100%.118–124

Grades I–III lesions account for ~60 to 80% of AVMs.118,125

(b)  Spetzler–Martin grades IV–V: There is a paucity of data on angiographic 

obliteration  rates  after  surgery  for  high  grade  AVMs,  partly  because 

multimodality  treatment  strategies  are  frequently  used.  Separate  dis-

cussions of Large AVMs and Multimodality Treatment appear below.

(c)  For a discussion of surgery compared to radiosurgery, see below.

2.  Complications.  A  systematic  review  of  25  reports,  including  2,425  patients, 

found an overall rate of post-operative mortality of 3.3% and permanent mor-

bidity of 8.6%. 124

(a)  Spetzler–Martin grades I–III:

●                                                          119,121–123,126 Permanent morbidity 0–5%. ●                                       119,123,126,127 Mortality 0–3.9%.

(b)  Spetzler–Martin grades IV–V:

●                                               118,120 Morbidity 12.2–21.9%. ●                                              118,127 Mortality 11.1–38.4%.

 

Table 14.2 Spetzler–Martin scale 30

Lesion characteristic Number of points

Size                             Small (<3 cm)                       1

Medium (3–6 cm)                 2 Large (>6 cm)                      3

Location                       Non-eloquent site                   0

Eloquent site (sensorimotor,         1 language, or visual cortex; 

hypothalamus or thalamus; inter-

nal capsule; brainstem; cerebellar 

peduncles, or cerebellum)

Pattern of venous drainage       Superficial only                      0

Any deep                         1

This grading system was developed to predict surgical risk, not prognosis. Size indicates maximum 

diameter
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3.  Effects on patients with seizures

(a)  After  surgery,  43.6–81%  of  patients  with  a  history  of  seizures  are 

seizure-free.118,128,129

14.3.2.2.    Surgery: Practical Issues

1. Timing  of  surgery.  AVMs  do  not  carry  the  same  high  rehemorrhage  risk  that 

ruptured aneurysms do; therefore, timing of surgery depends on several factors 

other than rehemorrhage risk. Most authors recommend that surgery be done 

on an elective basis, 112,130,131 days to weeks after the ictus, to allow the patient to recover from the initial event and to allow the clot to liquefy. Others advocate 

earlier surgery in most cases. 132

(a) Early surgery is indicated when

●   The  clot  has  significant  mass  effect  and  the  patient  will  benefit 

from evacuation of the hematoma.

●      The lesion is surgically accessible.

(b) Late surgery (several weeks or more after the hemorrhage) is indicated 

when:

●      The clot burden is relatively low. ●   The  patient  is  relatively  poor  surgical  candidate  soon  after  the 

initial hemorrhage.

●   Imaging  studies  do  not  show  the  AVM  clearly,  and  a  delayed, 

detailed angiogram may show the lesion more clearly.

2. Surgery combined with embolization or radiosurgery. See the sections below on 

Radiosurgery and Embolization.

3. Intraoperative and postoperative angiography: Either intraoperative or postop-

erative angiography is always indicated, to ensure complete obliteration of the lesion.

(a) Intraoperative angiography

●   Advantages:  Allows  for  detection,  and  removal,  of  residual  AVM 

during the operation.

●   Disadvantages: Adds time to the operation; angiography in the OR 

is  usually  lower-quality  than  biplane  angiography  in  a  dedicated 

neuro-angio suite.

●   Results: A review of published reports of intraoperative angiogra-

phy found that the results of the intraoperative angiogram altered 

the  management  of  the  case  in  an  average  of  15%  of  the  time 

(range: 5.6–57%).133

–  When the intraoperative angiogram was compared to a post-

op angiogram, a false negative result was found in 4.4% cases, 

and a false positive result occurred in 1.7% of cases.133

–  The reported technical failure rate was 2.5% and the compli-

cation rate was 3.1%.133

(b) Post-op angiography

●   Results: In a series of 324 patients undergoing post-op angiography 

craniotomy  for  AVM  resection,  1.8%  were  found  to  have  residual 

lesions.134

4. Surgical complications

(a) Seizures

●   135  New-onset seizures occur in 6.5–22% of patients after AVM treatment.

–  Some authors recommend routine antiseizure prophylaxis for 

patients undergoing AVM surgery.116,136

(b) Cerebral edema

●                                                                                                  118,137–140 Perioperative cerebral edema occurs in ≤ 3% of cases and may 

first  occur  in  the  operating  room  or  up  to  11  days  after  surgery.137 Cerebral edema may occur after AVM surgery or embolization. 141

●   Post-treatment  cerebral  edema  is  believed  to  be  attributable  in 

most  cases  to  (1) normal  perfusion  pressure  breakthrough  or  (2) occlusive hyperemia.

–                                                   142 Normal  perfusion  pressure  breakthrough .  This  theory 

maintains that the tissue around an AVM is subject to chronic 

steal because of diversion of flow into the AVM, resulting in 

sustained dilation and loss of autoregulation. Presumably, in 

some cases the vessels in this tissue are unable to autoregu-

late when normal perfusion is reestablished after resection of 

the AVM, resulting in edema and hemorrhage.
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– Occlusive  hyperemia.137,141  According  to  this  theory,  brain 

edema  after  AVM  resection  is  due  to  obstruction  of  venous 

outflow,  with  associated  vascular  engorgement,  and  to  slug-

gish flow in former arterial feeders with subsequent hypoper-

fusion and ischemia.

Management

–  Standard measures to control cerebral edema in this setting 

include 143:

(a)  Head CT to exclude hemorrhage (obviously). (b)  The  head  and  neck  should  be  maintained  in  a  neu-

tral  position  to  minimize  jugular  vein  compression  and 

obstruction of CSF outflow.

(c)  IV mannitol.

(d)  Ventriculostomy.

(e)  Intubation  and  mechanical  ventilation  if  the  patient’s 

neurological status is diminished; judicious hyperventila-

tion may be helpful, as cerebrovascular reactivity to CO 2 remains intact after AVM resection.144,145

(f)  Decompressive craniectomy (or removal of the bone flap).

(g)  High-dose barbiturate anesthesia.

(c) Rehemorrhage

●      Overall incidence of early rehemorrhage after surgery (≤1 week) is 

2%.146  Risk  factors  for  rehemorrhage  include  higher  grade  AVMs and the presence of lenticulostriate feeders.146

●      Often attributable to residual AVM. ●   Aggressive post-operative blood pressure control can minimize risk 

of rehemorrhage.

(d) Vasospasm

●   Symptomatic  vasospasm,  attributable  to  extensive  dissection  and 

exposure of major intracranial arteries, occurs in <1% of cases.147

(e) Intracranial thrombosis

●   Retrograde thrombosis of an arterial feeder, with recanalization of 

the vessel with IA urokinase, has been reported.148

●   Delayed venous thrombosis and infarction after AVM resection has 

also been reported.149

 

14.3.3.     Radiosurgery

Radiosurgery  involves  the  administration  of  multiple  beams  of  radiation;  each 

beam is delivered from a different direction, and all beams converge on the target, or isocenter. The radiation dose in the isocenter is high but the radiation dose received by non-targeted structures is relatively low. Advantages of radiosurgery are that it is minimally invasive, relatively low-risk, and useful for treatment of surgically inacces-sible lesions. Disadvantages include a latency period (usually 2–3 years) until AVM obliteration occurs, and that it is most effective for smaller lesions.

14.3.3.1.    Radiosurgery techniques

1.  Gamma knife.

(a)  Most widely used platform for AVM radiosurgery.

(b)  Two  hundred  and  one  gamma  ray  beams  from  cobalt-60  sources  pass 

through  holes  (collimators)  in  a  helmet  and  converge  on  the  isocenter. 

Dosing  is  controlled  by  determining  the  size  of  the  collimators  and  the 

exposure time.150

2.  Linear accelerator (LINAC).

(a)  LINACs  use  microwaves  to  accelerate  electrons  that  then  collide  with 

a target to generate high energy photons. The LINAC is mounted on a 

gantry  that  rotates  through  an  arc  and  concentrates  radiation  energy 

on the isocenter. Dosing is controlled by using multiple intersecting arcs 

and beam weight adjustment. Current LINAC devices include Novalis®

(BrainLAB,  Helmstetten,  Germany),  X-Knife ™  (Radionics,  Burlington, 

MA), Trilogy™ ®  (Varian Medical Systems, Palo Alto, CA), and CyberKnife

(Accuray, Sunnyvale, CA).
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3.  Particle beam.

(a)  Charged  particles  are  delivered  rather  than  photons.  The  theoretical 


advantage  of  particle  beam  treatment  over  photon  beam  radiosurgery 

is that the energy deposition is more concentrated (and tissue exposure 

outside of the target is lessened) due to the Bragg peak effect. Another 

theoretical  advantage  is  that  the  relative  biological  effectiveness  is 

higher  compared  to  other  techniques.  Both  protons  and  helium  nuclei 

have been used to treat AVMs.151,152 Disadvantage is that particle beam radiosurgery requires a relatively expensive cyclotron or synchrotron.

14.3.3.2.  Mechanism of AVM obliteration in radiosurgery

The  earliest  and  primary  effect  of  radiosurgery  is  damage  to  AVM  endothelial 

cells.  Progressive  occlusion  of  the  vessel  lumen  occurs  during  a  sequence  of  events that  is  similar  to  wound  healing.153  Endothelial  damage  induces  the  proliferation  of smooth muscle cells and myofibroblasts and an accumulation of extracellular collagen, causing  stenosis  and  occlusion  of  the  nidus.153,154  A  chronic  inflammatory  response also contributes to the formation of granulation tissue in the region of the AVM.

14.3.3.3.    Radiosurgery outcomes

4.  Obliteration rates. Rates of angiographic cure depend primarily on lesion size. 

Most of the following results are at 2–5 year follow-up.

(a)  Lesion diameter                128,151,155–160 ≤ 3 cm: 75–95% (b)  Lesion diameter              157,159 ≥ 3 cm: ≤ 70%

5.  Effect on hemorrhage risk

(a)  Risk  of  hemorrhage  persists  during  the  latency  period  between  radio-

surgery and AVM obliteration, but may be reduced compared to the risk 

of hemorrhage prior to radiosurgery.161 One study found the annual risk of  hemorrhage  during  the  2-year  latency  period  to  be  4.8% 162;  a  more recent study of 1,593 cases found an annual risk of hemorrhage during 

the 2-year latency period to be 1.8%.163

(b)  The presence of an unsecured proximal aneurysm is associated with an 

increased risk of hemorrhage during the latency period.162

(c)  Even  with  complete  angiographic  obliteration,  the  risk  of  hemorrhage 

may  not  be  zero;  Shin  and  colleagues  estimated  the  risk  of  rebleeding 

after complete nidus obliteration to be 0.3% per year.164

6.  Effect on patients with seizures

(a)  Radiosurgery can be effective in patients with seizures attributable to an 

AVM. Seizure-free rates after radiosurgery are 51–80%.165–168

7.  Complications. Pooled data from 1,255 patients169:

(a)  Overall rate of neurological complications (transient or permanent neu-

rologic deficits): 8%

(b)  Permanent neurologic deficits: 4.8%

(c)  Complications:

●      Radiation injury to brain parenchyma (6.4%) ●      Cranial nerve injury (1%) ●      New or worsened seizures (0.8%) ●      Death (0.2%)

14.3.3.4.    Radiosurgery: Practical issues

1.  Dosing

(a)  The applied radiation dose is inversely proportional to the irradiated vol-

ume. To determine the dose of radiation, a dose/volume curve is used.

(b)  Dose–response studies have found meaningful responses up to 25 Gy.170

Above  this  point,  there  is  minimal  incremental  increase  in  obliteration 

rates but a significant increase in complications.

(c)  The  volume  of  tissue  that  receives  12 Gy  (the  12 Gy  volume)  correlates 

with  complications  of  radiation  treatment.171–173  Lower  success  rates for  treatment  of  large  AVMs  with  radiosurgery  are  believed  to  be  due 

to  lower  doses  used  for  those  cases  in  an  effort  to  minimize  the  12 Gy 

volume.174
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(a)  Transient brain edema is a source of headaches and neurologic deficits in 

some patients after radiosurgery. Some operators use low-dose oral dex-

amethasone  therapy  for  2  weeks  after  treatment.157  Delayed  symptoms 

attributable  to  brain  edema  frequently  respond  to  a  short  course  (2–3 

days) of IV dexamethasone.

3.  Follow-up imaging

(a)  Follow-up  catheter  angiography  is  necessary  in  all  patients  2–3  years 

after radiosurgery for an AVM, because of the significant (5–25%) chance 

of residual and because complete lesion obliteration is necessary to mini-

mize hemorrhage risk.175

4.  Repeat radiosurgery

(a)  When complete obliteration of the lesion is not obtained within 3 years 

after  treatment,  repeat  radiosurgery  is  an  option.  Repeat  radiosurgery 

is associated with a 62–70% probability of obliteration.176,177

 

14.3.4.     Surgery compared to radiosurgery

Several  reports  have  compared  surgery  to  radiosurgery,  with  the  expected 

results. Surgery is associated with a higher cure rate with a lower rehemorrhage risk, while radiosurgery is less morbid.

1.  Pikus  and  colleagues  compared  a  surgical  series  to  published  radiosurgery 

reports  and  found  advantages  in  surgery  in  terms  of  angiographic  cure  rates 

and  rehemorrhage  risk,  although  surgery  had  a  significantly  higher  rate  of 

neurological complications.121

2.  Nataf  and  coworkers  compared  two  series  of  patients  with  lesions  that  were 

considered  equally  suitable  for  treatment  by  surgery  or  radiosurgery.178 Although the rate of cure was similar for both groups of patients, neurological 

morbidity was higher after surgery and recurrent bleeding was more frequent 

after radiosurgery.

 

14.3.5.     Embolization

14.3.5.1.    A briefer history of embolization 

of intracranial AVMs

The  first  report  of  embolization  of  a  brain  AVM  appeared  in  1960.179  A  patient 

with  a  large  left  Sylvian  fissure  AVM  underwent  surgical  exposure  of  the  cervical carotid artery, and four spheres of methyl methacrylate, measuring between 2.5 and 4.2 mm  in  diameter,  were  embolized  into  the  lesion.  Angiography  showed  near  total occlusion of the lesion and good filling of normal vessels. Limited progress was made with  AVM  embolization  during  the  1960s,  largely  because  of  the  absence  of  useful catheters  and  embolic  agents.  Flow-directed  particulate  embolization,180  balloon embolization,181  and  delivery  of  embolic  material  through  a  punctured  microballoon (the “calibrated leak balloon” technique)182,183 were reported in the 1970s.

Advancements in catheter design in the 1980s permitted selective cannulation of 

the AVM pedicles. An array of embolic agents was used in this decade, including silk threads, alcohol, and polyvinyl alcohol (PVA). Isobutyl-2-cyanoacrylate was used dur-ing this time, but reports of toxicity and carcinogenicity in animal studies184,185 lead to the withdrawal of this material from the market and the introduction of N-butyl-2-cyanoacrylate (NBCA).186

During  the  1990s,  NBCA  and  polyvinyl  alcohol  emerged  as  the  most  popular 

embolization  materials  for  AVMs.  While  the  principal  advantage  of  NBCA  is  its resistance  to  recanalization,  compared  to  PVA  (which  is  prone  to  recanalization187), the adhesive properties of NBCA require great care during injection to minimize the risk  of  catheter  retention.  A  randomized  trial  comparing  NBCA  to  PVA  for  preop-erative embolization of AVMS found no difference and also that the two agents were equivalent in terms of percentage of nidus reduction and number of feeding pedicles embolized.188  Interestingly,  although  the  overall  rates  of  procedural  complications were  similar  in  both  groups,  patients  treated  with  PVA  had  a  significantly  higher rate  of  post-resection  hemorrhage  compared  to  patients  treated  with  NBCA  (17.8% vs. 4.8%).
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Ethylene  vinyl  alcohol  copolymer  in  dimethyl  sulfoxide  solution  (Onyx,  Micro 

Therapeutics, Inc., Irvine, CA) was introduced in 1990. Although Onyx was originally conceived of as an embolic agent for intracranial aneurysms, somewhat disappointing results in a North American randomized trial of the material  for aneurysms 189  were followed by encouraging initial results with the use of the agent for the treatment of AVMs. 190 Onyx received FDA approval for pre-surgical embolization of AVMs in 2005.

14.3.5.2.    Embolization results

AVM embolization techniques and strategies are discussed in detail in Chap. 7, 

Intracranial Embolization.

1.  Cure rates

(a)  Complete AVM obliteration has been reported in some 5–10% of cases. 191–196 (b)  The relatively low cure rate with embolization alone is probably due to 

the  fact  that  only  a  minority  of  AVMs  have  a  single  pedicle,  or  several 

pedicles, that can be safely catheterized.

2.  Palliation

(a)  Embolization  to  improve  symptoms  attributable  to  “steal  phenomenon” 

has been reported.197,198

3.  Embolization  combined  with  surgery  or  radiosurgery  (or  both).  Numerous 

reports  of  presurgical30,118,191,192,199–204  and  pre-radiosurgical187,194,205–207  emboli-zation have been published.

(a)  Pre-surgery embolization.

●   The goals of pre-surgery embolization are to reduce the volume of 

the nidus and to occlude deep and difficult-to-reach feeders when 

possible.

●   Embolization  has  been  reported  to  shorten  operative  time  and 

blood loss. 30,118,191,192,199–204,208

●   In  a  series  comparing  AVM  surgery  patients  with  presurgical 

embolization  to  those  without  it,  complication  rates  and  the  pro-

portion  of  patients  with  good  or  excellent  outcomes  were  similar 

in  both  groups,  despite  the  fact  that  the  embolization  group  had 

higher grade lesions.199

●      Vinuela  and  colleagues  sug-

gested that occlusion of >75%  Table 14.3 Estimation of AVM 

of  the  AVM  nidus  facilitates  a  volume based on diameter

surgical  resection,  while  3  Diameter (cm)  Volume (cm) elimination of <50% does lit-

tle to facilitate surgery.209         1                   0.51

(b)  Pre-radiosurgery embolization

●                                                                   2                              4.19 The  aim  of  pre-radiosurgery 

embolization is to reduce the     3                 14.14 volume of the nidus.             4                 33.51

●      Improved rates of AVM oblit-

5                 65.45

eration have been found when 

the  volume  is  reduced  with     6                  113.09 embolization  to  <10 cm3.187,194    aAssumes  that  the  lesion  is  a  sphere; 

Volume  –  diameter  relation-   volume = (4/3)πr3 ships are listed in Table 14.3 .

●      When  radiosurgery  does  not 

result in AVM obliteration, repeat embolization may be effective.210

4.  Complications.  A  systematic  review  of  25  reports,  including  2,425  patients, 

found  an  overall  rate  of  permanent  morbidity  associated  with  pre-surgical 

embolization of 4–8.9%.124

(a)  Overall permanent morbidity: 2–14%.188,195,196,200,208,211,212 (b)  Mortality: 1.0–3.7%.188,195,196,200,208,211,212

 

14.3.6.     Specific considerations

14.3.6.1.    Associated aneurysms

Most reports indicate that intracranial aneurysms are found in some 15–25% of 

patients with AVMs.213,214 One study of superselective angiography reported an inci-dence of associated aneurysms of 58%. 95
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(a) Feeding artery aneurysms

●   Attributable to wall-shear stress caused by high flow through AVM 

feeding arteries.

●      Incidence: 11.2–17%.213,214

–  Approximately  twice  as  common  as  intranidal  aneu-

rysms.213,214

(b) Intranidal aneurysms

●      True intranidal aneurysms

–  True aneurysms in the AVM nidus can be distinguished from 

venous varices by their early appearance during the arterial 

phase on angiography.215

–  Incidence: 5.5–8%.213,214

Intranidal pseudoaneurysms

–  Uncommon  lesions  that  can  only  be  firmly  diagnosed  by 

histopathology. An intranidal pseudoaneurysm may be iden-

tified as a new finding on a follow-up angiogram.216 Found in 8% of angiograms of patients with an AVM.216 Differentiation between true- and pseudo-intranidal aneurysms is academic 

and has no therapeutic implications. 217

(c) Incidental aneurysms

●   Aneurysms not related to the AVM seem to occur in AVM patients 

at  about  the  same  rate  as  aneurysms  in  the  general  population 

( 0.8%). 213

2.  Risk of hemorrhage

(a)  Patients  with  an  AVM  and  an  associated  aneurysm  (feeding  artery or

intranidal)  are  at  increased  risk  of  hemorrhage  compared  to  patients 

with an AVM only. 214

●      Annual risk of hemorrhage: 7%.68

(b)  Feeding artery aneurysm

●   Presence of a feeding artery aneurysm is an independent risk factor 

for hemorrhage in AVM patients, although only 6% of the attribut-

able risk is due to the aneurysm (i.e., only 6% of hemorrhages could 

be prevented by eliminating the feeding artery aneurysm).214

(c)  Intranidal aneurysm

●                                                                   213 Annual risk of hemorrhage 9.8%.

3.  Management

(a)  No consensus exists for the management of associated aneurysms. Some 

authors advocate treatment of the aneurysm first,218–220 whereas others 

recommend  treatment  of  the  AVM  first,213  or  treatment  of  both  lesions 

simultaneously.221–223

(b)  Effect of AVM treatment on feeding vessel aneurysms:

●   Some feeding vessel aneurysms may regress with treatment of the 

AVM.  In  a  report  of  23  AVMs  with  feeding  vessel  aneurysms,  18 

were  unchanged  after  treatment,  four  were  smaller,  and  1  disap-

peared completely.213

●   Feeding  vessel  aneurysm  rupture  has  been  reported  immediately 

after AVM resection219 218  or within 3 weeks after AVM treatment.

●   The  presence  of  an  unsecured  proximal  aneurysm  is  a risk  factor 

for post-radiosurgery hemorrhage.162

(c)  The authors of this handbook recommend the following strategy:

●   For  patients  who  present  with  hemorrhage,  treat  the  lesion  that 

caused the hemorrhage first (obviously).

●   For  patients  who  present  without  hemorrhage,  treat  the  feeding 

vessel aneurysm first, if feasible.

14.3.6.2.    Large and giant AVMs

Large  AVMs  are  variously  defined  as  Spetzler–Martin  IV–V  lesions,  or  lesions 

with a diameter >3 cm or volume >10–15 cm3. Giant AVMs are lesions with a diameter >6 cm. These AVMs are problematic because they are difficult to treat and the natural history is murky.

1.  Natural history

(a)  Natural  history  studies  have  reported  widely  divergent  hemorrhage 

rates for patients with Grade IV and V AVMs.
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●   One  retrospective  study  found  an  annual  hemorrhage  risk  of 

1.5%, 224 while another found an annual pretreatment hemorrhage rate  of  10.4%  for  all  patients  (13.9%  for  patients  presenting  with 

hemorrhage and 7.3% for patients without hemorrhage at presen-

tation).225

●   A  prospective  study  of  301  patients  with  AVMs  found  that  lesion 

diameter  >3 cm  was  an  independent  risk  factor  for  hemorrhage 

(odds ratio 2.5,              91 P < 0.0001).

(b)  Although  some  evidence  has  suggested  that  larger  AVMs  may  be  at  a 

lower  risk  of  hemorrhage  than  smaller  lesions,15,27,66,85–89  estimates  of higher risk for larger AVMs91,225 seem plausible, given that larger lesions are more likely to contain other anatomic features, aside from size, that 

are established risk factors for hemorrhage, such as deep location or deep 

venous drainage. 225

2.  Surgery

(a)  Morbidity and mortality with surgery of Grade IV–V lesions runs as high 

as 21.9 and 38.4%, respectively.118,127

3.  Radiosurgery

(a)  Complete obliteration rates for large AVMs with single-treatment radio-

surgery are very low. 226–228

●      Obliteration rates for AVMs ≥15 cm are  25%. 3            227,228

(b)  A study of staged volume radiosurgery for AVMs >15 cm3 reported oblit-

eration in 50% of cases.229 In these cases, two or three separate anatomic compartments  were  irradiated  at  a  3-  to  8-month  intervals.  Fourteen 

percent of patients had a hemorrhage after radiosurgery, 14% developed 

peri-AVM  imaging  changes  requiring  steroid  treatment,  and  neurologi-

cal worsening occurred in 4%.

4.  Effects of partial treatment

(a)  Most authors agree that maximal protection against hemorrhage risk is 

obtained only with complete obliteration of the lesion.

(b)  Han and colleagues found an increased annual risk of hemorrhage with 

partial treatment, compared to no treatment (10.4% vs. 1.5%).224

(c)  Conversely, Meisel and coworkers found a decreased risk of hemorrhage 

with partial embolization.211

5.  Multimodality strategies

(a)  A combination of embolization, radiosurgery, and surgery may be effec-

tive in some cases.

(b)  In a series of 53 patients with giant (>6 cm) AVMs undergoing multimo-

dality treatment, 36% were completely cured of the AVM.230 The patients were  treated  with  surgery  (51%),  embolization  (98%),  and/or  radiosur-

gery (89%). Long-term treatment-related morbidity was 15%. At a mean 

follow-up  of  37  months,  clinical  results  were  excellent  in  51%,  good  in 

28%, poor in 6%, and 15% were dead.

6.  Management recommendations

(a)  No consensus exists for the management of large AVMs. Some prominent 

authors  have  recently  recommended  conservative  management  in  most 

patients,224,231  while  others  have  advocated  treatment,  particularly  of patients who present with hemorrhage.225

(b)  “Palliative” treatment does not appear to reduce the risk of hemorrhage 

(and  may  actually  increase  it);  therefore,  any  treatment  of  large  AVMs 

should be directed toward eventual obliteration of the lesion.

14.3.6.3.    AVMs in children

Pediatric patients with intracranial AVMs differ from adults in important ways: 

AVM  recurrence  after  treatment  is  more  frequent  in  children  and  prognosis  after hemorrhage is better.

1.  Prevalence of AVMs among children

(a)  About 10–20% of newly diagnosed brain AVMs are in children. 232,233 (b)  Overall prevalence in children is 0.014–0.028%.234

2.  Risk of hemorrhage

(a)  Although  anecdotal  reports  have  suggested  that  children  are  at  higher 

risk  of  hemorrhage  from  AVMs  than  adults,  a  recent  study  found  the 

annual risk of hemorrhage for children (age <20) and adults to be simi-

lar, 2.0 and 2.2%, respectively. 76
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(a)  Up  to  75%  of  children  with  AVMs  present  with  hemorrhage,  and  15% 

present with seizures.232

4.  Hemorrhage

(a)  Any  child  with  a  spontaneous  intracranial  hemorrhage  should  be  pre-

sumed to have an underlying AVM until proven otherwise.235

(b)  Children may be more likely than adults to present with hemorrhage

●   Hemorrhage  is  the  presenting  symptom  in  63%  of  children  and 

seizures are the presenting symptom in 13.4%.236

(c)  Outcomes after hemorrhage

●      Seventeen percent have fair or poor outcomes.236

●   Among pediatric AVM patients who present in a coma, mortality is 

40%, however, >50% have a good functional outcome.237

5.  Management

(a)  Surgery

●                                                        236,238 Obliteration rates: 90–95% ●      Complications:

–  Perioperative morbidity: 19%236: –  Perioperative mortality: ≤5%236,239

(b)  Radiosurgery

●      Obliteration rates: 68–95%.160,240

●                                                                                      160,240 Permanent neurological complications: <3%

6.  AVM recurrence after treatment

(a)  Unlike  adults,  AVMs  in  children  have  a  tendency  to  recur  after  treat-

ment in a small percentage of patients.236,241,242

●   In  a  series  of  808  patients  who  had  undergone  complete  surgical 

resection of an AVM, five patients (0.6%) were found to have recur-

rent AVMs after negative postoperative angiography, and they were 

all in the pediatric age group.241

●                                                                                                   236 A recent series reported a recurrence rate of 5.6%.

(b)  Follow-up surveillance imaging

●   Because of the possibility of recurrence, most authors recommend 

continued follow-up imaging in children, even after complete oblit-

eration.235

14.3.6.4.    Pregnancy and AVMs

1.  AVM hemorrhage during pregnancy.

(a)  Relatively  common  cause  of  ICH  in  pregnant  woman.  An  AVM  is  the-

cause of hemorrhage in 21–48% of ICH cases during pregnancy and the 

puerperium.243–246

(b)  Mean gestational age at time of hemorrhage is 30 weeks. 244

(c)  Hypertension is present in 17% of pregnant patients with an AVM hem-

orrhage.244

(d)  Outcomes are worse in pregnant women compared to nonpregnant AVM 

patients.247

●   Some 57% of pregnant patients are stuperous or comatose at pres-

entation.244

●      Maternal mortality rates range from 0 to 28%.244,246,248,249

●                                                         244 Fetal mortality rate is 14%.

(e)  Rehemorrhage  is  more  frequent  in  pregnant  patients;  25–30%  of  preg-

nant patients rebleed during the same pregnancy.243,246,249,250

(f) Neurosurgical Management

●   Given  the  relatively  high  rate  of  rebleeding  and  high  morbidity 

associated  with  hemorrhage,  treatment  of  the  AVM  to  prevent 

further hemorrhage is usually prudent.

●   Most authors recommend surgery, when feasible, and that the deci-

sion  to  operate  should  be  based  on  neurosurgical  criteria.244,245,250 Embolization  may  be  an  option  for  selected,  small  lesions  that 

can  be  safely  and  completely  obliterated  with  a  single  procedure. 

Radiosurgery  and,  in  most  cases,  embolization  are  not  able  to 

quickly  reduce  the  risk  of  rehemorrhage  and  are  not  appropriate 

for pregnant patients.

●   Conservative management may be appropriate for cases in which 

surgery  would  be  risky  or  difficult.  Dias  and  Sekhar  did  not  find 
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a  significant  advantage  for  surgery  compared  with  nonsurgical 

management in terms of maternal or fetal mortality rates.244

(g) Obstetrical Management

●   The choice of delivery method should be based on obstetric rather 

than neurosurgical criteria, as there does not seem to be a signifi-

cant advantage for either cesarean or vaginal delivery.244

(h)  Reasonable  efforts  should  be  taken  to  minimize  radiation  dose  to  the 

fetus during both diagnostic imaging and any interventional procedure.

2.  Unruptured AVMs in pregnant patients and in women anticipating becoming 

pregnant.

(a)  Although pregnancy does not appear to confer an increased risk of hem-

orrhage  in  women  with  an  AVM, 247  outcomes  after  hemorrhage  during pregnancy are significantly worse than in nonpregnant patients.244

●   The risk of first hemorrhage for pregnant women with an unrup-

tured  AVM  is  3.5%,247  which  is  comparable  to  the  annual  risk  of bleeding among all patients with an AVM.

(b)  Pregnancy should be deferred until AVM treatment is completed.

(c)  In pregnant patients with an unruptured AVM, assiduous blood pressure 

control  may  minimize  risk  of  hemorrhage,  given  that  hypertension  is 

associated with hemorrhage in this setting. 244

 

14.4.  Appendix: Vein of Galen malformations

 

Vein of Galen malformations are congenital abnormalities that are distinct from 

other  intracranial  vascular  malformations.  They  have  a  spectrum  of  severity  and may  present  at  birth,  during  infancy,  or  during  later  childhood.  They  are  rare,  and are believed to comprise ≤1% of intracranial vascular malformations.138 Management of these lesions is presently handled primarily by pediatric neurosurgeons and neu-rointerventionalists.

 

14.4.1.     Angiographic classification

Lasjaunias  and  colleagues  divided  congenital  vein  of  Galen  lesions  into  three 

types251:

1.  Choroidal.  Network  of  feeders,  resembling  a  nidus,  supplied  primarily  by  the 

choroidal arteries.

2.  Mural. One or more arterial feeders connected to a dilated vein of Galen.

3.  Secondary. Enlargement of the vein of Galen due to an adjacent vascular mal-

formation, fistula, or venous outlet obstruction.

Yasargil introduced the following classification scheme252:

1.  Type  I.  Relatively  few  feeders,  arising  principally  from  the  pericallosal  and 

posterior cerebral arteries.

2.  Type  II.  Feeders  arise  mainly  from  the  thalamoperforators  and  posterior  cer-

ebral arteries.

3.  Type III (aka true, or choroidal type). Most common type. Mixed pattern of feed-

ers,  arising  from  the  pericallosal  arteries,  thalamoperforators,  and  posterior 

cerebral arteries.

4.  Type IV (aka secondary type). Aneurysmal dilatation (i.e., varix) of the vein of 

Galen  resulting  from  shunting  from  adjacent  parenchymal  AVM  or  dural  AV 

fistula, or outlet obstruction in the straight sinus.

 

14.4.2.  Development, anatomy and pathophysiology

14.4.2.1.    Embryology

The  embryonic  precursor  to  the  normal  vein  of  Galen  is  the  median  prosen-

cephalic vein, which has arteriovenous fistulous connections within the primitive vas-cular bed. The fistulous connections normally involute between the fifth and seventh 

 

ARTERIOVENOUS MALFORMATIONS                                    14.4. Appendix: Vein of Galen malformations                 527 weeks  of  development,253  and  by  3  months  of  development,  the  posterior  part  of  the median  prosencephalic  vein  joins  the  internal  cerebral  veins  and  the  basal  veins  to form the vein of Galen. Persistence of the median prosencephalic vein and it’s primi-tive arteriovenous connections leads to a true vein of Galen malformation. The sump effect of the high flow, low resistance venous drainage leads to the recruitment and enlargement of feeding arteries.

14.4.2.2.    Anatomy

Vein  of  Galen  malformations  are  midline  structures,  extending  from  the  inter-

ventricular foramen to the choroidal fissure, and laterally to the atria.251

1.  Arterial supply is usually bilateral and symmetrical.254

(a)  Choroidal arteries. In most cases all of the choroidal arteries contribute 

feeders.

(b)  Subependymal  arterial  network  arising  from  the  posterior  circle  of 

Willis.

(c)  Thalamoperforators – rare.

2.  Venous  drainage  is  into  a  dilated  median  vein  of  the  prosencephalon,  which 

drains into a falcine sinus and then into the superior sagittal sinus or the pos-

terior venous sinuses.

(a)  The straight sinus is absent in most patients.255

(b)  Venous outlet obstruction may be present.

(c)  There is no connection to the deep cerebral venous system.

●   Because  of  this,  deep  brain  structures  use  alternative  drainage 

pathways,  which  typically  includes  thalamic  and  subtemporal  or 

lateral  mesencephalic  veins,  which  have  an  epsilon  shape  on  a 

lateral angiogram.

 

14.4.3.     Clinical features

The clinical manifestations of patients with vein of Galen malformations can be 

divided  into  cardiac  and  neurological  problems.  Patients  may  be  divided  into  three age  groups256:  (1)  neonates,  (2)  infants,  and  (3)  older  children  and  adults.  Neonates typically appear with cardiac failure; infants usually present with hydrocephalus and head  enlargement 257;  older  patients  frequently  present  with  hydrocephalus,  head-aches, and developmental delay.

1.  High output cardiac failure.

(a)  The intracranial AV shunt can be hemodynamically significant, resulting 

in dilatation of the right chambers of the heart,258 pulmonary hyperten-

sion, and left heart failure.

(b)  A loud, machine-like bruit may be present over the head and chest.256

(c)  May be diagnosed by prenatal ultrasound; 22% of children with a prena-

tal diagnosis have irreversible brain damage at birth and die.254

(d)  The severity of cardiac symptoms vary widely, from asymptomatic cardi-

omegaly to cardiogenic shock.

●   In some cases, a brief (3-day) period of relative stability occurs after 

birth, followed by acute decompensation.254

●   Some  patients  require  emergent  embolization  of  the  intracranial 

lesion, whereas others may be medically stabilized for a while, and 

undergo embolization later in life.

2.  Neurological manifestations.

(a)  Neurological symptoms are attributable to:

●   Intracranial venous hypertension, resulting from AV shunting and 

venous outflow obstruction.

●   Heart failure, which may cause pre- and post-natal brain damage. 

MRI  may  show  white  matter  lesions  or  diffuse  brain  destruction 

(i.e.,                                     259 melting brain syndrome ).

●      Hydrocephalus.

–  The  intracranial  venous  system  normally  possesses  a  pres-

sure gradient that facilitates absorption of CSF. Intracranial 

venous hypertension interferes with this process.
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14.4.4.     Natural history and overall prognosis

Although many publications about vein of Galen malformations include a discus-

sion of the “natural history” of these lesions, a firm understanding of the prognosis of untreated patients is nearly impossible to obtain. The rarity of these lesions, the wide spectrum  of  severity  at  presentation,  and  the  variety  of  treatment  approaches  cur-rently in use (treatment vs. no treatment, arterial vs. venous embolization, ventricular shunting vs. no shunting) make it difficult to generalize about outcome. Clinical results reported below are from Lasjaunias and colleagues at Hopital de Bicêtre in France.

1.  Overall, about 50% of neonates with vein of Galen malformations can be salvaged.256 2.  Spontaneous thrombosis of a vein of Galen malformation is rare, and has been 

reported  to  occur  in  some  2.5%  of  patients  (with  half  of  them  neurologically 

normal).254

 

14.4.5.     Management and outcomes

Most  authors  agree  that  patients  at  the  two  ends  of  the  spectrum  of  severity, 

those  with  profound  symptoms  and  multisystem  failure,  and  those  with  completely asymptomatic lesions may be followed expectantly.256

14.4.5.1.    Neonates

Lasjaunias and colleagues have developed scoring system to help with decision-

making (           260 Table 14.4 ).

1.  Score <8 is associated with a poor systemic or neurological outcome and may be 

an indication to withhold therapy.

2.  Score  8–12  is  associated  with  normal  neurological  status  by  medically-refrac-

tory heart failure, and emergent embolization should be considered.

3.  Score >12 indicates that the patient may be stable enough to delay embolization 

until the child is at least 5 months of age.

 

Table 14.4 Bicêtre neonatal evaluation score260

Cardiac       Cerebral      Respiratory       Hepatic        Renal

Points     function       function        function        function      function

5         Normal        Normal          Normal           –              – 4         Overload, no     Subclinical,        Tachypnea, fin-     –                 –

medical treat-   isolated EEG        ishes bottle ment          abnormalities

3         Failure;          Nonconvulsive     Tachypnea, does    No hepatome-    Normal

stable with       intermittent        not finish bottle     galy, normal medical treat-   neurological                           hepatic func-ment          signs                            tion

2         Failure; not      Isolated convul-    Assisted ventila-    Hepatomegaly,    Transient 

stable with       sion                tion, normal        normal hepatic    anuria medical treat-                       saturation FIO      function 2 ment                         <25%

1         Ventilation       Seizures           Assisted ventila-    Moderate         Unstable

necessary                       tion, normal        or transient       diuresis

saturation FIO      hepatic insuf-     with treat-2 >25%          ficiency         ment

0         Resistant        Permanent neu-   Assisted ventila-   Abnormal        Anuria

to medical       rological signs     tion, desatura-      coagulation, therapy                           tion               elevated

enzymes

EEG electroencephalogram; FIO fraction of inspired oxygen. Maximum score = 21. Reproduced from 2

Vascular Diseases in Neonates, Infants and Children: Interventional Neuroradiology Management, 49, Lasjaunias P: “Neonatal evaluation score (Bicêtre).”   © 1997 Springer Science and Business Media with permission.

ARTERIOVENOUS MALFORMATIONS                                    14.4. Appendix: Vein of Galen malformations                 529 14.4.5.2.    Treatment in neonates

1.  Evaluation  of  neonates  with  vein  of  Galen  malformations  should  include  the 

following255:

(a)  Weight and head circumference

(b)  Renal and liver function tests

(c)  Cranial and cardiac ultrasound exams

(d)  Brain MRI, to provide information about lesion anatomy and the status 

of myelination.

●      Catheter  angiography  is not  indicated  unless  embolization  is 

planned.

2.  The optimal age for embolization is             254 ≥ 5 months. Treatment should be delayed 

until then when possible.

3.  The  interventional  strategy  consists  of  arterial  embolization  to  reduce  the 

shunt.

(a)  Venous embolization in neonates is associated with higher morbidity261–264

and should be used only when an arterial route is not available.254

(b)  Glue  (e.g.,  NBCA)  is  the  preferred  agent  for  embolization  because  it  is 

more resistant to recanalization than particles or coils.

4.  Reduction of  30% of shunt volume is sufficient to improve cardiac function and 

permit weaning of the ventilator.254

(a)  An  angiographic  cure  is  of  the  lesion  is  not  necessary  to  control  symp-

toms and allow the brain to develop normally.

14.4.5.3.    Outcomes in neonates

Of  23  neonates  treated,  death  occurred  despite  or  because  of  embolization  in 

52%; of the survivors, 36.4% were neurologically normal and 63.6% had moderate or severe retardation. 255

14.4.5.4.    Infants

1.  Hydrocephalus  in  vein  of  Galen  malformation  patients  is  due  to  intracranial 

venous hypertension, and frequently responds to treatment of the lesion.

2.  CSF shunting should be reserved until after endovascular treatment has been 

undertaken.254,257

(a)  Less  than  50%  of  patients  with  hydrocephalus  go  on  to  require  a 

shunt.256

(b)  CSF shunting can be problematic in these patients. Shunting may con-

tribute to venocongestive brain edema,265 and carries a risk of subdural 

hematoma development.

(c)  Endoscopic  third  ventriculostomy  is  an  acceptable  alternative  to  ven-

tricular shunting in selected patients. 254

14.4.5.5.    Outcomes in infants

Of 153 infants treated, death occurred despite or because of embolization in 7.2%; 

of the survivors, 78.9% were neurologically normal and 21.1% had moderate or severe retardation.255

14.4.5.6.    Children and adults

Developmental  delay  is  part  of  the  natural  history  of  untreated  symptomatic 

vein of Galen malformations,255 because of sustained, long-term intracranial venous hypertension and hydrocephalus.

1.  Elevated  intracranial  venous  pressures  are  well-documented  in  patients  with 

vein of Galen malformations.266

2.  Some  authors  argue  strenuously  that  embolization  should  be  done  to 

normalize  venous  pressure,  and  treat  hydrocephalus,  prior  to  CSF  shunt 

placement.255

3.  Adults: Very rare.267–270
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14.4.5.7.    Outcomes in children

Of 40 children treated, no deaths occurred, 67.5% were neurologically normal and 

32.5% had moderate or severe retardation.255

14.4.5.8.    Complications of embolization procedures

At Hopital de Bicêtre, total of 196 patients, 1981–2002255:

1.  Transient neurological disability: 1.6%

2.  Permanent neurological disability: 2.1%

3.  Nondisabling nonneurological complications: 6.7%

4.  Hemorrhage: 5.6%
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Intracranial  dural  AV  fistulas  (dAVF,  aka  dural  AV  fistulas,  dural  arteriovenous fistulous malformation 1) are acquired lesions that usually involve one of the intracra-nial venous sinuses. They comprise ≤ 2  10% of all intracranial vascular malformations.

Typically,  numerous  branches  of  the  ECA,  ICA,  and/or  vertebral  artery  form  direct connections  to  a  venous  sinus  and/or  intracranial  veins.  Any  intracranial  venous sinus  may  be  involved.  Clinical  features,  natural  history  and  management  options depend upon the location and anatomy of the lesion. Lesions causing arterialization of intradural veins (aka retrograde leptomeningeal cortical venous flow) are classically associated  with  intracranial  hemorrhage.  Spinal  dural  AV  fistulas  are  discussed  in Chap. 20, Spinal Vascular Lesions.

 

15.1.      Pathophysiology

 

15.1.1.     Anatomy and classification

All  intracranial  dAVFs  consist  of  one  or  more  meningeal  feeding  arteries  that 

drain directly into a venous sinus or intracranial vein. Two classification systems are in common usage and both have been validated as predictive of risk of hemorrhage.3 Borden and colleagues1:

1.  Type I. Dural AVFs that drain directly into a dural venous sinus or meningeal 

vein.

2.  Type II. Dural AVFs that drain into a dural venous sinus with retrograde drain-

age into subarachnoid veins.

3.  Type III. Dural AVFs that drain directly into subarachnoid veins.

4.  Further classification into subtypes a and b indicate single or multiple fistulas, 

respectively.

Cognard and coworkers4:

1.  Type I. Drainage is into a sinus, with normal antegrade flow.

2.  Type II. Dural AVFs with reflux.

(a)  IIa Reflux into the sinus.

(b)  IIb Reflux into cortical veins.

(c)  IIa + b Reflux into both.

3.  Type III. Direct cortical venous drainage without venous ectasia.

4.  Type IV. Direct cortical venous drainage with venous ectasia larger than 5 mm 

in diameter and three times larger than the diameter of the draining vein.

5.  Type V. Drainage occurs into spinal perimedullary veins.

 

15.1.2.     Etiology

Several lines of evidence have lead to a three-stage hypothesis for the formation 

of dAVFs (          5–7 Fig. 15.1 ).

1.  Stage  1.  Venous  sinus  thrombosis  is  the  initial  event,8  possibly  combined 

with other anatomic features that limit venous outflow, such as venous sinus 

stenosis.

2.  Stage 2. Nascent microscopic fistulas within the wall of the venous sinus, con-

necting vaso vasorum to tiny venous tributaries, enlarge. This process may be 

the result of a build-up of back pressure in the venous system, inflammatory 

changes  in  response  to  the  thrombosis,  and/or  via  an  increase  in  angiogenic 

factor expression.7,9–13

3.  Stage 3. Recanalization of the thrombosed venous sinus occurs. If only partial 

recanalization appears, or if there is some other venous sinus outflow obstruc-

tion (like venous sinus stenosis), arterial flow is diverted into the subarachnoid 

venous system (i.e., retrograde leptomeningeal flow occurs).
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Fig. 15.1 Stages in the formation of dural arteriovenous fistulas. (a) Normal anatomy 

 

of the dural venous sinus. (b) Stage 1. Thrombosis of the venous sinus occurs, leading 

to diversion of flow in the entering venous tributaries. (c) Stage 2. Thrombosis of the 

venous sinus provides an impetus to the enlargement and expansion of nascent 

connections between vaso vasorum and fistulas between vaso vasorum and nearby 

arteries within the wall of the venous sinus. Over time, as dural arteries enlarge, grooves 

in the adjacent bone develop. (d) Stage 3-Partial recanalizaton. Incomplete recanaliza-

tion of the thrombosed sinus occurs, (or some other venous outflow-limiting factor exists, 

such as venous sinus stenosis), leading to diversion of arterial flow into subarachnoid 

veins. (e) Stage 3-Complete recanalization. Normal venous outflow resumes, and AV 

fistulas may or may not continue to be patent.

 

15.1.2.1.  Evidence in favor of the three stage hypothesis

1.  Microscopic  fistulas  between  meningeal  arteries  and  veins  are  normal  and 

present throughout the dura.14–17

●                                                                 15 Also, the dura has an elaborate network of arterial anastomoses which 

explains  why  fistulas  apparently  supplied  only  by  ECA  branches  can 

promptly recruit blood supply from ICA branches after embolization. 18

2.  Development  of  abnormal  communications  between  dural  arteries  and  veins 

appears to be an essential factor in the development of dAVFs. 19

3.  Dural  AV  fistulas  are  usually  located  either  in  the  wall  of  dural  venous 

sinuses20                                                                 17 or within a centimeter or so of a dural venous sinus.
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4.  Venous sinus thrombosis is strongly associated with intracranial dAVFs.5,8,11,21

●   Experimental  models  have  also  reproduced  venous  thrombosis-  or 

venous hypertension-associated dAVFs.10,22,23

5.  Venous sinus thrombosis can redirect arterial blood into subarachnoid veins.24

6.  Progressive thrombosis can transform Type I malformations into Type II mal-

formations.

 

15.2.      Clinical features

 

1.  Most patients with dAVFs are adults; dAVFs in children are rare but have been 

reported.25

2.  Benign dAVFs are most common among women,26,27 whereas dAVFs with corti-

cal venous drainage appear to be most common among men.28,29

3.  Multiple intracranial dAVFs are present in 6.7% of patients.30

4. Presentation. Symptoms and physical findings are highly variable, and depend 

on the location and anatomy of the lesion (see below for discussion of dAVFs by 

location).

(a)  Overall, pulsatile tinnitus is the most common symptom and is present 

in about 60% of patients.31 See section on Pulsatile Tinnitus below.

(b)  A bruit is present in about 50% of patients.31 (c)  Hydrocephalus may be present and is attributable to venous hyperten-

sion in the superior sagittal sinus, interfering with CSF absorption.24

5.  Significant symptoms from dAVFs are generally divided into those attributable 

to hemorrhage or “non-hemorrhagic neurological defects,”32,33 which are usually 

due to intracranial venous hypertension.

6. Hemorrhage.

(a)  In a prospective study of intracranial hemorrhage due to an intracranial 

vascular  malformation  (brain  AVM,  cavernoma,  or  dAVF),  a  dAVF  was 

the underlying cause in 6.4% of cases.34

(b)  Risk factors for hemorrhage5,24,35,36:

●      Leptomeningeal venous drainage ●      Variceal or aneurysmal venous dilatations ●      Galenic drainage ●      Stenosis or occlusion of associated venous sinuses ●   Location in the anterior fossa, middle fossa, or tentorial incisura

(c)  Case fatality rate with hemorrhage: 20%31,32

7. Intracranial venous hypertension The intracranial venous system is valveless and 

so elevated pressure within arterialized venous sinuses and/or intracranial veins 

may  be  transmitted  throughout  the  intracranial  venous  system.  Diffuse  white 

matter changes on MRI due to venous congestion may be seen.37,38 Neurological 

symptoms attributable to elevated intracranial venous pressure include:

(a)  Progressive dementia (aka venous hypertensive encephalopathy, venous 

congestive encephalopathy, or progressive cognitive impairment) 24,39–42

(b)  Pseudotumor cerebri43 (c)  Parkinsonism44

 

15.2.1.1.    Pulsatile tinnitus: What does it mean?

Some  4%  of  all  patients  with  tinnitus  have  pulsatile  tinnitus  (aka  pulse-

synchronous  tinnitus).45  Pulsatile  tinnitus  is  usually  caused  by  vibrations  from  tur-bulent  blood  flow.  Dural  AV  fistulas  are  the  single  most  common  cause  of  pulsatile tinnitus,  followed  by  C–C  fistulas  and  atherosclerotic  carotid  stenosis.46  In  a  series of 24 patients with Borden Type I dAVFs of the transverse-sigmoid region, pulsatile tinnitus was the presenting symptom in all patients.27 A vascular disorder is present in  42%  of  patients  with  pulsatile  tinnitus;  a  non-vascular  disorder  is  the  cause  of pulsatile tinnitus in 14% of patients.46

1.  Vascular causes

(a)  dAVF

(b)  ICA stenosis or occlusion

(c)  Carotid dissection

(d)  Fibromuscular dysplasia

(e)  Persistent stapedial artery
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(f)  Aberrant or lateralized ICA

(g)  Intracranial venous hypertension

(h)  High-riding internal jugular vein47 (i)  Venous sinus stenosis 48

(j)  Turbulent flow through a dominant internal jugular vein

(k)  Vertebral artery-venous fistula

2.  Non-vascular causes of pulsatile tinnitus

(a)  Middle ear disorders (otitis media, glomus tympanicum, cholesteatoma)

(b)  Labyrinth disorders (otospongiosis)

(c)  High  cardiac  output  disorders  (anemia,  thyrotoxicosis,  valvular  heart 

disease)

(d)  Skull base tumors

3.  Work-up for pulsatile tinnitus

(a)  Pulsatile tinnitus is either objective (a bruit on the skull or mastoid proc-

ess can be heard by the examiner) or subjective (only the patient can per-ceive it). Objective tinnitus should raise a high suspicion of an underlying 

vascular abnormality and a catheter angiogram is frequently indicated.

(b)  Imaging

●      CT is insensitive in the assessment of pulsatile tinnitus ●      MRI is more sensitive than CT

–  In  patients  with  subjective  pulsatile  tinnitus,  MRI/MRA 

defined  anatomical  abnormalities  that  may  contribute  to 

pulsatile tinnitus in 63% of patients.49

(c)  In the absence of objective pulsatile tinnitus, MRI/MRA is an appropri-

ate initial diagnostic step.49

15.2.1.2.    Imaging

ANGIOGRAPHY

Catheter  angiography  is  the  best  technique  for  the  diagnosis  of  an  intracranial 

dAVF.50,51

1.  Technique

(a)  A  complete  6-vessel  cerebral  angiogram  is  usually  necessary,  as  some 

lesions  may  have  feeding  arteries  from  both  sides,  as  well  as  from  the 

ICA or vertebral arteries as well as the ECAs.

(b)  Each angiogram should be carried well into the venous phase, to assess 

intracranial vein and venous sinus anatomy.

2.  Pertinent findings

(a)  The single most important goal of angiography in patients with a dAVF 

is to investigate for retrograde leptomeningeal venous drainage.

●      Good visualization of the venous phase is essential. ●   Tortuous, engorged veins seen during the venous phase is termed 

pseudophlebitic  pattern  and  is  a  sign  of  venous  congestion.52  A pseudophlebitic pattern was seen in 81% with retrograde leptome-

ningeal  venous  drainage  and  in  only  8%  of  dAVF  patients  with 

drainage into a venous sinus only.52

●   Subtle findings seen during the venous phase include drainage via 

pial or medullary collateral veins, focal regions of delayed circula-

tion and venous rerouting to the orbit or to transosseous veins.52

(b)  The arterial feeders must be characterized.

●   Occasionally,  a  dAVF  may  have  only  a  single  (or  two  or  three) 

endovascularly accessible arterial pedicles and thus be a prospect 

for curative arterial embolization.

(c)  Venous  outflow  obstruction  should  be  checked  for  (e.g.,  venous  sinus 

stenosis or thrombosis).

 

MRI

MRI may not show some dAVFs and should not be used instead of catheter angi-

ography to exclude the presence of a dAVF. Remember: a normal MRI does not exclude the presence of a dAVF.

1.  MRI findings in patients with dAVFs:

(a)  Preliminary  experience  with  MRA  assessment  of  dAVFs  has  been 

reported.53

 

542                  15.2. Clinical features                                                                        DURAL ARTERIOVENOUS FISTULAS

(b)  A surplus of pial vessels suggests the presence of a dAVF with cortical 

venous drainage.37

(c)  Enhanced MRI is superior to non-enhanced MRI in assessing retrograde 

venous drainage in intracranial dAVFs.

2.  In  some  cases  however,  MRI  may  provide  complementary  information  in 

patients with a dAVF that is not available with catheter angiography:

(a)  MRI  evidence  of  white  matter  edema  (diffuse  T2  hyperintensity  in  the 

white matter) is evidence of venous congestion. 37

(b)  Evaluation for hydrocephalus.

(c)  Quantitative  assessment  of  cerebral  blood  volume  by  dynamic  suscep-

tibility  contrast  MRI  can  provide  quantitative  information  about  retro-

grade cortical venous drainage.54

 

CTA

Like MRI, CTA may not show some dAVFs,55 and should not be used instead of 

catheter angiography.

1.  CTA  can  identify  some  dAVFs,  particularly  those  with  enlarged  intracranial 

veins.56

 

15.2.2.     Natural history

The  overall  annual  risk  of  hemorrhage  in  patients  with  intracranial  dAVFs  is 

1.8%, with a case fatality rate of 20% with hemorrhage.31 However, the natural his-tory of dAVFs depends strongly on the pattern of venous drainage. Most Borden Type I  lesions  (aka  Cognard  Type  I  or  IIa)  are  considered  to  be  “benign”  whereas  higher grade lesions are “aggressive.”

 

15.2.2.1.    Borden  type I dAVFs: Most are benign

1.  In a series of 112 patients with Borden Type I lesions followed for median time 

of 27.9 months, observation and/or palliative therapy resulted in a benign and 

tolerable level of disease in 98.2% of cases.26

(a)  Palliation  consisted  of  embolization  to  reduce  symptoms  without  oblit-

eration of the lesion.

(b)  In 2% of cases conversion to a higher grade lesion occurred, with progres-

sive thrombosis of venous outlets.

2.  A  previous  study  reported  on  a  group  of  54  patients  with  Borden  Type  I 

lesions.57 During a mean follow-up period of 33 months, 53 (98%) patients had 

good  outcomes  (i.e.,  symptoms  were  resolved,  improved,  or  unchanged).  One 

death  was  reported;  this  patient  had  a  complex  torcular  dAVF  and  his  death 

was attributed to venous hypertension and elevated intracranial pressure.

3.  Cognard  and  colleagues  reported  on  a  group  of  seven  patients  with  Type  I 

lesions, followed for a mean time of 7 years, all of whom developed a worsening 

in both the venous drainage pattern and clinical symptoms.58 The authors did 

not indicate the number of patients with Type I lesions in the entire group, so 

an incidence of worsening cannot be calculated from this paper.

15.2.2.2.    Borden type II and III dAVFs: Aggressive

Patients with high grade dAVFs are at significant risk of hemorrhage or neuro-

logical problems because of intracranial venous hypertension.

1.  Risk of hemorrhage or non-hemorrhagic neurological deficit.

(a)  van  Dijk  and  colleagues  reported  on  20  patients  with  Borden  Type  II 

or III lesions who were either partially treated or not treated at all and 

followed for a mean period of 4.3 years.33

●   The annual rate of hemorrhage was 8.1% and the annual rate of a 

non-hemorrhagic neurological deficit was 6.9%, yielding an annual 

event rate of 15%.

(b)  Davies  and  coworkers  reported  on  14  patients  with  Borden  Type  II  or 

III lesions who were followed for a mean period of 25 months without or 

prior treatment. 32
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●   The  annual  rate  of  hemorrhage  was  19.2%  and  the  annual  rate 

of  a  non-hemorrhagic  neurological  deficit  was  10.9%.  The  overall 

annual mortality rate was 19.3%.

2.  Risk of rehemorrhage.

(a)  In a series of patients with dAVFs with cortical venous drainage present-

ing with hemorrhage, rebleeding occurred in 35% within 2 weeks of the 

initial hemorrhage.59

 

15.3.      Management

 

Management options for patients with a dAVF are

1.  Conservative management

2.  Endovascular techniques

3.  Surgery

4.  Radiosurgery

5.  A combination of endovascular treatment, radiosurgery, and/or surgery

 

15.3.1.     Conservative management

Conservative  management  (i.e.,  no  endovascular  or  surgical  procedure,  with  or 

without  surveillance  imaging)  is  reasonable  in  certain  situations.  Asymptomatic  or minimally  symptomatic  Borden  Type  I  lesions  without  evidence  of  cortical  venous drainage may be managed expectantly. It is well established that spontaneous regres-sion  of  dAVFs  occurs  in  some  cases.  This  is  particularly  true  of  cavernous  sinus dAVFs,60, 61 62–64  in which spontaneous regression has been reported in up to 73% of cases.

Intermittent  manual  compression  is  also  effective  for  some  patients  with  cavernous sinus or transverse-sigmoid lesions.65,66

 

15.3.2.     Endovascular treatment

Generally  the  most  effective  treatment  of  dAVFs  is  occlusion  of  the  draining 

vein.7 In most cases, obliteration of the lesion can only be accomplished by treatment of the venous side of the lesion. Transvenous techniques appear to carry the highest success rates among endovascular techniques. Even successful arterial embolization usually  occurs  only  when  the  microcatheter  is  positioned  well  within  or  adjacent  to the nidus, so that embolic material can be pushed through the nidus into the venous side. If only feeding arteries are occluded and not the draining vein, collateral vessels usually develop and the fistula will recur. Conversely, it is equally important to ensure that  normal  venous  drainage  is  preserved  after  embolization  to  avoid  exacerbated venous hypertension and risk of hemorrhage.

Embolization of the arterial feeders alone is usually only palliative. Embolization 

of  feeders  proximal  to  the  nidus  will  nearly  invariably  be  followed  by  recruitment of  a  new  arterial  supply  and  possibly  the  redirection  of  the  venous  outflow  with  an increased risk of hemorrhage.

 

15.3.3.     Surgery

Surgery  for  intracranial  dAVFs  has  evolved  considerably  over  the  last  three 

decades, from simple ligature of feeding vessels (which produced success rates of only 0–8%)67 to blood-soaked fistula resection and packing of the venous sinus,68 or to more elegant interruption of the draining vein, when the anatomy is favorable.69 Although endovascular techniques are presently first-line treatments for many dAVFs, surgery remains standard for anterior fossa dAVFs. 67 A variety of hybrid surgical/endovascu-lar procedures have evolved as well, including surgical exposure of the superior oph-thalmic vein for embolization of the cavernous sinus 70,71 and craniectomy with direct puncture of a venous sinus.72
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Preliminary reports of radiosurgery for intracranial dAVFs are encouraging.73,74

In  many  cases  embolization  is  combined  with  radiosurgery.75  Overall  rates  of  lesion obliteration are 58–77%. 74,76,77

 

15.4.      Dural AVFs by location

[image: ]

 

In North American and European series, the trans-

verse-sigmoid sinus region is the most common location 

for  dAVFs 31,35;  in  a  Korean  report,  the  cavernous  sinus was  the  most  common  location,  accounting  for  64%  of 

cases (           78 Fig. 15.2 ).

Most common locations for dAVFs are79

1.  Transverse-sigmoid sinus 35%

2.  Cavernous sinus 35%

3.  Tentorium/Superior petrosal sinus 5%

4.  Superior sagittal sinus 5%

5.  Anterior fossa 5%

 

Fig. 15.2 Most common 

locations of dural arteriov-

enous fistulas.

 

15.4.1.     Transverse-sigmoid sinus dAVFs

The transverse-sigmoid sinus (aka lateral sinus) is the most common location for 

intracranial dAVFs, comprising 38% of all intracranial dAVFs.79

15.4.1.1.    Clinical features

1.  Women are affected more than men and the lesion is present most often on the 

left.5,80

2.  Borden Type I dAVFs of the transverse-sigmoid sinus (analysis of 24 cases)27:

(a)  Seventy-nine percent women; median age at onset of symptoms: 54 years.

(b)  Unilateral  pulsatile  tinnitus  was  the  presenting  symptom  (and  a  bruit 

could be heard) in all patients.

(c)  MRI was normal in all patients.

3.  May be associated with meningiomas.81,82

4.  Anatomy

(a)  Feeders – may be bilateral

●   ECA  branches  are  most  common:  occipital,  posterior  auricular, 

ascending pharyngeal, middle meningeal, accessory meningeal and 

superficial temporal arteries.

●   ICA branches: meningohypophyseal trunk, inferolateral trunk.

●   Vertebral  artery  branches:  posterior  meningeal  artery,  cerebellar 

falcine and muscular branches.

(b)  Venous drainage

●   The transverse or sigmoid sinus is stenotic or occluded in a signifi-

cant percentage of cases.5

●   Retrograde  venous  flow,  when  present,  may  be  into  occipital  and 

parietal cortical veins.

5.  Presentation

(a)  Hemorrhage or intracranial venous hypertension

●   Patients with transverse-sigmoid dAVFs present with hemorrhage 

or other serious symptoms in only 11% of cases.50

(b)  Symptoms without hemorrhage may include80
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●      Pulsatile tinnitus (most common symptom) ●      Headache

●      Visual disturbance ●      Mastoid pain/otalgia ●      Dizziness

●      Hydrocephalus

●      Trigeminal neuralgia83

15.4.1.2.    Management

Relative  to  dAVFs  in  other  locations,  theses  lesions  are  often  benign  and  fre-

quently  require  treatment  only  to  alleviate  symptoms  such  as  pulsatile  tinnitus. Lesions with aggressive characteristics, such as retrograde venous flow and/or venous hypertension, should be treated.

Selection  of  the  treatment  strategy  involves  weighing  several  different  factors. 

Paramount  among  these  is  the  venous  anatomy;  other  considerations  include  the clinical  gravity  of  the  situation,  the  arterial  anatomy  and  the  patient’s  ability  to undergo endovascular and/or surgical procedures. A systematic review in 1997 found that combined therapy (endovascular plus surgical treatment) was significantly more effective than either therapy alone (P < 0.01).67

1.  Manual compression

(a)  Technique: The patient is instructed to compress the pulsatile occipital 

artery with either hand for 30 min TID.

(b)  Results:  In  25%  of  cases  complete  thrombosis  may  occur  within  4–6 

weeks.66  Occipital  artery  compression  may  also  provide  transient  relief from dAVF-associated headaches.66

2.  Surgery

(a)  Early  surgical  technique  consisted  of  complete  excision  coupled  with 

packing  of  the  sigmoid  sinus,  a  procedure  associated  with  significant 

blood loss.68 More recently, good results have been obtained with surgical disconnection of the draining vein or veins.29,84

3.  Embolization

(a)  Venous embolization

●   Venous  embolization,  or  venous  embolization  combined  with 

arterial  embolization,  results  in  significantly  higher  cure  rates 

compared to arterial embolization alone. Successful venous emboli-

zation  depends  upon  identifying  patients  with  favorable  anatomy 

for  this  approach;  occlusion  of  a  sinus  that  freely  communicates 

with normal venous structures can cause a venous infarction and 

hemorrhage.

●      Suitable venous anatomy:

–  The affected sinus is compromised and no longer contributes 

to the drainage of normal tissue.1,85,86

– Parallel venous channel. Caragine and colleagues reported on 

ten patients with dAVF consisting of arterial feeders converg-

ing  on  a  “parallel  venous  channel,”  that  was  separate  from, 

but in communication with the transverse or sigmoid sinus.87 Embolization  of  the  venous  channel  and  cure  of  the  fistula, 

with preservation of the venous sinuses, was achieved in all 

patients.

●      Venous approaches

–  Femoral venous access is the most commonly reported route; 

alternatives  include  direct  puncture  of  the  internal  jugu-

lar  vein  and  craniectomy  with  direct  puncture  of  a  venous 

sinus.72

(b)  Arterial embolization

●   Arterial embolization is rarely curative and should be reserved for 

palliation or as an adjunct to venous embolization88 or surgery.

(c)  Embolization results

●   Most  published  series  of  transverse-sigmoid  dAVF  embolizations 

employed a combination venous/arterial strategy in some patients 

and venous embolization only in others.

●      Angiographic cure rates: 55–87.5%.85,86,89,90

●                                                                                          85,86,89 Symptom improvement or resolution: 90–96% ●      Transient complications: 10–15% 85,89

●                                                                 85,86,89 Permanent complications: 0–5%
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4.  Venous sinus angioplasty and stenting

(a)  Treatment  of  a  transverse  sinus  dAVF  by  sinus  recanalization,  angi-

oplasty and stent placement has been reported.91

5.  Radiosurgery

(b)  Two  reports  dedicated  specifically  to  radiosurgery  transverse-sigmoid 

dAVFs of a total of 45 patients75,77:

●      Angiographic cure rates: 55–87.5% ●      Symptom improvement or resolution: 74–96% ●      No neurologic complications were reported

 

15.4.2.     Cavernous sinus dAVFs

Carotid-cavernous fistulas (CC fistulas) may be direct or indirect. Direct CC fis-

tulas (aka high flow CCFs) consist of a defect in the wall of the ICA, causing a shunt between the ICA and the cavernous sinus (e.g., traumatic CCF or ruptured cavernous segment aneurysm). Indirect CC fistulas (aka low flow CC fistulas) are equivalent to dAVFs of the cavernous sinus; they comprise about 35% of all dAVFs.79 Barrow and colleagues established the following classification scheme63:

1.  Type  A.  Direct  shunt  between  ICA  and  cavernous  sinus  (e.g.,  traumatic  CCF 

or  ruptured  cavernous  segment  aneurysm).  Direct  CC  fistulas  are  discussed 

separately in the Appendix.

2.  Type B. Indirect fistula between branches of the ICA and the cavernous sinus.

3.  Type  C.  Indirect  fistula  between  branches  of  the  ECA  and  the  cavernous 

sinus.

4.  Type  D.  Indirect  fistula  between  branches  of  both  the  ICA  and  ECA  and  the 

cavernous sinus.

(a)  Type D1: Unilateral92 (b)  Type D2: Bilateral

15.4.2.1.    Indirect CC fistulas: Clinical features

1.  Most patients are women in the sixth or seventh decade of life.

(a)  Men comprise 27% of cases. 92

2.  Barrow Type D is most common.93

3.  Slight propensity for the left.94

4.  Anatomy

(a)  Feeders

●      May be bilateral. ●   ECA: Branches of the internal maxillary, middle meningeal, acces-

sory meningeal, ascending pharyngeal.

●      ICA: Cavernous segment branches.

(b)  Venous drainage

●      Highly variable. ●   Impaired venous drainage is typical and enlargement of the supe-

rior ophthalmic vein is a frequent finding.

●                                                                                                           94 Cortical venous drainage is present in 31–34% of cases

(c) Inferior petrosal sinus dAVF

●   A variant of cavernous dAVFs; accounts for some 3% of intracranial 

dAVFs.95

●                                                                                       96 Presentation is similar to cavernous dAVFs.

5.  Presentation

(a)  Termed “Red-eyed shunt syndrome” by some authors.62 (b)  Most common findings 94:

●      Chemosis (94%) ●      Exophthalmos (87%) ●      Cranial nerve palsy (54%) ●      Increased intraocular pressure (60%) ●      Diplopia (51%) ●      Impaired vision (28%) ●                                      97 Pulsatile tinnitus

(c)  A bruit is present in >50% of patients 98 (d)  So-called “white-eye” CC fistulas occur when posterior venous drainage 

predominates and a painful ocular motor nerves palsy develops without 

congestive orbital features. 99
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6.  Imaging

(a)  CT:  Typical  findings  include  proptosis  and  superior  ophthalmic  vein 

enlargement.

(b)  MRA: May show an enlarged superior ophthalmic vein.

(c)  A  catheter  angiogram  remains  the  gold  standard  for  a  complete  evalu-

ation  of  an  indirect  CC  fistula.100  Angiography  is  most  important  for assessing  the  presence  of  retrograde  cortical  venous  flow,  as  well  as 

delineating  feeders  and  the  precise  pattern  of  venous  drainage;  all  of 

these critical anatomic features of any given CC fistula are poorly seen 

with noninvasive imaging.

 

15.4.3.     Indirect CC fistulas: Management

Spontaneous  resolution  of  an  indirect  fistula  is  not  uncommon,  with  reported 

rates  of  spontaneous  remission  ranging  from  5.6%61            62–64  to  73%.  Some  authors,  like the  senior  author  of  this  handbook,  prefer  to  attempt  conservative  management  of most patients with indirect CC fistulas, whereas the junior author offers intervention to  most  patients  with  bothersome  symptoms.  Barrow  and  colleagues  proposed  the following indications for treatment63: (1) Visual deterioration; (2) Obtrusive diplopia; (3)  Intolerable  bruit  or  headache;  and  (4)  “Malignant”  proptosis  with  untreatable corneal exposure. The presence of retrograde cortical venous drainage is also a good indication for treatment.

Selection  of  technique:  Venous  occlusion  is  the  most  reliable  method  to  treat 

indirect CC fistulas. A systematic review in 1997 found overall success rates of 78% for transvenous approaches and 62% for transarterial approaches. 67

1.  Manual compression

(a)  Technique65: The patient is instructed to use the opposite hand to locate 

the pulse of the carotid artery in the mid-neck region just lateral to the 

trachea. Gradually increasing pressure is applied until the palpable pulse 

is stopped. The opposite hand is used in case hemispheric ischemia devel-

ops. Compression is maintained for 10–15 s at a time, 2–3 times an hour.

●   Contraindications: Cervical carotid artery disease (atherosclerosis, 

dissection), sick sinus syndrome, poor patient compliance.

(b)  Results:  In  30%  of  cases  closure  occurred  within  a  mean  of  41  days 

(range, several minutes to 6 months). 65

2.  Embolization

(a)  Venous: Most effective technique. Several different routes to the cavern-

ous sinus may be used; the most commonly used are the inferior petrosal 

sinus and the superior ophthalmic vein.

●                                                                        94,101–103 Femoral vein/Inferior petrosal sinus

–  Successful embolization of the cavernous sinus via the femoral 

vein and inferior petrosal sinus reported in 64% of cases.104

–  A thrombosed inferior petrosal sinus can be traversed in some 

cases.101,105,106

–  A 0.035 ′′ guidewire may be used to gently probe through and 

open a recently occluded interior petrosal sinus.94

●                                                     70,71 Superior ophthalmic vein

–  Surgical exposure is obtained through the upper eyelid.

(a)  Percutaneous puncture of the superior ophthalmic vein 

has been reported. 107

–  Success rate (92–100%70,71) is higher compared to transfemo-

ral venous routes.

●      Alternative techniques for access:

–  Direct puncture of the internal jugular vein.108 –  Transfemoral facial vein approach. 108 –  Superior petrosal sinus.109 –  Sylvian vein.110 –  Pterygoid plexus.111 –  Frontal vein.112

●   Coil  placement  should  begin  in  the  posterior  part  of  the  supe-

rior  ophthalmic  vein  and  extend  into  the  cavernous  sinus,  when 

approaching from a posterior route.94

(b)  Arterial: Embolization of arterial feeders is rarely curative and should be 

used only for palliation in select cases.
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(c)  Embolic  material.  Detachable  coils  are  the  most  commonly  used  mate-

rial; recent reports have described good results with NBCA either alone 

or  in  combination  with  coils.113,114  Onxy  embolization  has  also  been reported.115

(d)  Endovascular results. Overall results in two large recent series are very 

favorable:

●      Complete cure: 90–94.5% of cases.94,102

–  Fistula closure will usually result in normalization of intraoc-

ular pressure.116 Improvement in vision may take longer and is less certain, as several different mechanisms may contrib-

ute  to  vision  loss  (e.g.,  optic  neuropathy,  keritis  and  corneal 

ulceration, vitreous hemorrhage, retinal ischemia, or retinal 

detachment).

●                                                                                               94,102 Procedure-related permanent morbidity: 0–2.3%

3.  Radiosurgery

(a)  Several  reports  have  been  published  on  the  use  of  radiosurgery  for  the 

treatment  of  cavernous  CC  fistulas.73,76,117,118  Although  the  results  are generally  favorable,  with  obliteration  rates  >80%,  the  wide  variety  of 

techniques  used  (dosing,  use  of  embolization,  lesion  anatomy)  make  it 

difficult to make firm conclusions about the usefulness of radiosurgery 

in this setting.

 

15.4.4.     Tentorial dAVFs

Tentorial  dAVFs  (aka  superior  petrosal  dAVFs)95,119  comprise  about  5%  of  all 

intracranial  dAVFs.79  Although  in  most  cases,  the  lesion  is  located  on  the  petrous ridge  and  involves  the  superior  petrosal  sinus,  most  publications  refer  to  them  as “tentorial” dAVFs.69,120–122 These lesions are thought to be prone to hemorrhage and are  difficult  to  treat  by  surgery  and  by  embolization.  All,  or  nearly  all,  tentorial dAVFs are Borden Type II or III lesions.32,120 Picard and colleagues classified tento-rial dAVFs 123:

1.  Tentorial marginal type, located along the free edge of the tentorium.

2.  Tentorial lateral type, located adjacent to the lateral venous sinuses.

3.  Tentorial medial type, located adjacent to the straight sinus and torcula.

 

15.4.4.1.    Clinical features

1.  Anatomy

(a)  Feeders. Majority are bilateral.124

●   Typically, multiple fine feeders arise from (in order of frequency)    :

122

–  Middle meningeal artery

–  Meningohypophyseal trunk

–  Posterior cerebral artery

–  Occipital artery

–  Posterior meningeal artery

–  Superior cerebellar artery

(b  Venous drainage

●      Drainage is retrograde in all cases122

–  Cerebral and/or cerebellar veins

–  Basal vein of Rosenthal

–  Pontine and paramesencephalic veins

–  Cervical paramedullary spinal veins

2.  Presentation

(a)  Some 80–90% of patients present with hemorrhage or a history of hemor-

rhage.125

(b)  Symptoms from unruptured lesions may include pulsatile tinnitus,126 hemi-

facial spasm, 127                                      128                             129 myelopathy visual problems, trigeminal  neuralgia, or hemisensory disturbance.130

3.  Imaging122

(a)  CT: Hemorrhage centered in the ambient cistern or posterior fossa

(b)  MRI: High signal on T2-weighted images indicating edema in the thala-


mus, midbrain, and cerebellum
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Tentorial dAVFs are aggressive lesions and should be obliterated when feasible. 

Incomplete treatment should be avoided, as recruitment of new feeders and redirec-tion  of  venous  outflow  may  occur.131  No  single  treatment  strategy  is  ideal;  selection of  surgery  and/or  embolization  depends  on  the  clinical  situation  (vascular  anatomy, patient age and health status, etc.). Because of the aggressive nature of these lesions, late (1–2 years post-treatment) follow-up catheter angiography should be done, even in cases in which an angiographic cure is obtained.

1.  Surgery

(a)  Surgery is most effective for patients who are good candidates for a crani-

otomy and who have a lesion with a single, surgically accessible draining 

vein.

(b)  Technique: Surgical technique for tentorial dAVFs has evolved considerably 

in recent years. 69,120,121 In most cases, resection of the nidus is not necessary; obliteration of the lesion can be accomplished by coagulation and division of 

the arterialized draining vein or veins, when the anatomy is suitable.69,121 Interruption of the draining vein may be effective when no other pathway 

for venous drainage exists.69 Lewis and coworkers, however, emphasized the importance of surgical interruption of the arterial supply, rather than the 

draining veins.124 The route of cranial access (e.g., suboccipital versus sub-temporal craniotomy) depends on where the arterialized veins are located. 

Pre-operative arterial embolization may facilitate surgery.120,122

(c)  Surgical results: Several small recent series have reported angiographic 

cures with no mortality.69,120,122

2.  Embolization

(a)  Venous embolization

●   In most cases, tortuous retrograde leptomeningeal drainage is not 

connected to a venous sinus, making transvenous embolization dif-

ficult or impossible. Some patients, however, have anatomy that is 

favorable for a transfemoral venous approach.

●   Venous embolization should be done only when a venous drainage 

pouch that is separate from veins draining normal brain tissue can 

be identified and accessed with a microcatheter.120 When emboliza-tion  is  limited  to  the  venous  outlet  immediately  adjacent  to  the 

nidus, with preservation of functional drainage, venous emboliza-

tion with platinum coils can provide adequate treatment.132

(b)  Arterial embolization

●   Arterial embolization can lead to an angiographic cure only when 

the microcatheter tip is placed close enough to the nidus to permit 

placement  of  embolic  material  across  the  nidus  to  the  venous 

side.119,120  NBCA  has  been  the  agent  of  choice,120  because  of  its resistance to recanalization. Onyx may be a good alternative.133

●   van Rooj and coworkers recommend temporary balloon-occlusion of 

the ICA when a microcatheter is placed in the tentorial artery, to 

stabilize the microcatheter, obtain flow-arrest during the injection 

of embolic agent and to prevent reflux into the ICA.126

●   Brief,  reversible  asystole  due  to  a  trigeminocardiac  reflex  during 

arterial embolization has been reported.133

3.  Radiosurgery

(a)  Some  authors  argue  strenuously  against  the  use  of  radiosurgery  for 

treatment  of  tentorial  dAVFs,  given  the  latency  period  of  radiosurgery, 

<100%  obliteration  rate,  and  risk  of  injury  to  adjacent  structures  such 

as the brainstem and cranial nerves.120,124 On the other hand, successful obliteration  has  been  reported, 73–75,134,135  and  in  two  dAVF  radiosurgery series, tentorial dAVFs were the most common kind of lesion treated.74,76

 

15.4.5.     Superior sagittal sinus dAVFs

Comprise 5% of intracranial dAVFs.35
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1.  Men and women are equally affected.136

2.  Anatomy. These lesions are typically located in the midportion of the sagittal 

sinus and feeding arteries are bilateral in the majority of cases.

(a)  Feeders (listed in descending order of frequency)136:

●      Middle meningeal artery ●      Occipital artery ●      Superficial temporal artery ●      Vertebral artery ●      Posterior auricular artery ●      Anterior falx artery

(b)  Venous drainage

●   Two patterns: directly into the sagittal sinus (majority of cases) or 

into cortical veins.137

●      Sagittal sinus may or may not be occluded.

3.  Presentation

(a)  Over a third of patients present with hemorrhage.136

●   Subarachnoid hemorrhage, intraparenchymal hemorrhage, or sub-

dural hemorrhage may be present.

(b)  Symptoms without hemorrhage may include those attributable to venous 

hypertension (e.g., mental status changes, headache).

(c)  May be misdiagnosed as acute sagittal sinus thrombosis.

 

15.4.5.2.    Management

Lesion obliteration is indicated in patients with hemorrhage or symptoms attrib-

utable to the fistula. Sagittal sinus dAVFs associated with a downstream venous sinus occlusion are believed to be at highest risk of hemorrhage or venous hypertension.

1.  Surgery

(a)  Surgery is usually fairly straightforward and effective in achieving complete 

obliteration of the lesion. Surgical techniques include skeletonization of the 

superior sagittal sinus (i.e., disconnection of arterialized veins) and surgical 

exposure followed by direct puncture for embolization of the sinus.138

(b)  Surgical occlusion of the superior sagittal sinus should be avoided or only 

done  if  the  affected  portion  is  within  the  anterior  third  of  the  superior 

sagittal sinus, to minimize risk of venous infarction.139

2.  Embolization

(a)  Venous embolization

●   Successful transcranial venous embolization of sagittal sinus dAVFs 

has been reported. 72

(b)  Arterial embolization

●   The “angiographically remote” location of these lesions can make them 

difficult to reach from a transfemoral approach. And the  multiplicity 

(and bilaterality) of feeders in many cases further impair endovascular 

attempts at a cure.

–  Direct cervical carotid puncture (with the patient adequately 

sedated  or  under  general  anesthesia)  may  facilitate  arterial 

access to the nidus.

●   Case reports and small series report an angiographic cure in about 

50% of cases.140

●   Arterial embolization has been successfully combined with surgery 

and radiosurgery.141

3.  Radiosurgery

(a)  Successful  radiosurgery  of  superior  sagittal  sinus  dAVFs  has  been 

reported.74,76,142

 

15.4.6.     Anterior fossa dAVFs

Anterior fossa dAVFs (aka ethmoidal dAVFs, cribriform dAVFs) comprise about 

5% of all intracranial dAVFs.79 These lesions are unique for two reasons:

1.  They always have retrograde leptomeningeal venous drainage.

(a)  Because of this, they are at high risk of hemorrhage.
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2.  They  are  frequently  supplied  by  a  fine  tuft  of  feeders  arising  from  anterior 

ethmoidal branches of the ophthalmic arteries.

(a)  Because of this, they are difficult to treat with embolization because it 

is  difficult  to  embolize  the  feeders  without  also  embolizing  the  distal 

ophthalmic artery and retina.

 

15.4.6.1.    Clinical features

1.  Men are more commonly affected than women.143–145

2.  Anatomy.  Typically,  numerous  arteries  converge  on  the  dura  of  the  anterior 

cranial fossa floor and falx and merge into a single dilated draining vein.

(a)  Feeders

●   Supply  is  via  the  anterior  ethmoidal  branches  of  the  ophthalmic 

artery in 84% of cases.143

●      Bilateral in 50% of cases.144

●   Other feeders may arise from the internal maxillary artery, middle 

meningeal artery146 and superficial temporal artery.

●   Rarely, additional feeders from the anterior cerebral artery may be 

present.146,147

(b)  Venous drainage

●      Drainage is into intradural frontal veins in all cases.144

3.  Presentation

(a)  Most patients present with hemorrhage.143,144

●   A  review  of  reported  cases  found  a  history  of  hemorrhage  in  62% 

of all cases of anterior fossa dAVFs, compared to about 15% for all 

intracranial dAVFs.143

(b)  Symptoms without hemorrhage may include

●   Visual loss, presumably from diversion of flow from the ophthalmic 

artery.148

●                                                  149 Proptosis and chemosis. ●      Diminished olfactory sensation and taste.144

●                                                                                               149 Intracranial venous hypertension and dementia.

15.4.6.2.    Management

The natural history of anterior fossa dAVFs is not known. However, the fact that >80% 

of patients present with hemorrhage or have a history of hemorrhage, combined with the invariable retrograde venous drainage pattern seen with these lesions, lead most authors to agree that they are aggressive lesions that should be obliterated when feasible. 144,145,149

1.  Surgery

(a)  Surgery is first-line treatment for most patients, given the high hemorrhage 

risk of these lesions and the difficulties associated with embolization.144,150

(b)  Technique:  A  pterional  or  low-frontal  craniotomy  provides  access  to 

the  floor  of  the  frontal  fossa.  The  key  maneuver  is  interruption  of  the 

 fistulous  connection  between  the  arteries  perforating  the  dura  around 

the  cribriform  plate  and  the  draining  vein  or  veins.144  Coagulation and  division  of  the  connecting  vein  is  usually  all  that  is  necessary  for 

obliteration of the lesion; excision of the dura, or entry into the orbit for 

excision of the nidus are not necessary.144,151

(c)  Surgical  results:  A  systematic  review  found  a  rate  of  obliteration  with 

surgery of 95%.67 Lawton and colleagues reported on 15 patients under-going surgery; occlusion of the fistula was obtained in all patients.144 No surgical complications were reported and a good outcome was described 

in all patients except one, who presented initially in a coma.

2.  Embolization

(a)  Venous embolization

●   Successful  transvenous  embolization  by  direct  puncture  of  the 

internal jugular vein has been reported.152

(b)  Arterial embolization.

●   The proximity of the central retinal artery to the anterior ethmoi-

dal branches makes arterial embolization of anterior fossa dAVFs 

problematic. Nevertheless, successful arterial embolization of these 

lesions  has  been  reported  by  several  authors.145,149  Embolization may  be  a  reasonable  option  for  symptomatic  palliation  and  for 

patients who are poor surgical candidates.
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●   The  microcatheter  tip  should  be  positioned  distal  to  the  origin  of 

the central retinal artery, for obvious reasons.

● Provocative testing with amytal and lidocaine prior to embolization 

is critical.

●      Use of embolic particles >400 µm in size (the average diameter of the 

central retinal artery153) may minimize risk of retinal ischemia.

3.  Radiosurgery

(a)  Successful radiosurgery of anterior fossa dAVFs has been reported. 74

 

15.5.  Appendix: Direct carotid-cavernous 

fistulas

 

15.5.1.1.    Direct CC fistulas: Clinical features

1.  Causes

(a)  Trauma (most common cause)

(b)  Ruptured cavernous segment ICA aneurysm (cause of ≤20% of direct CC 

fistulas 154–156)

(c)  Ehlers-Danlos Type IV157 (see separate discussion below) (d)  Fibromuscular dysplasia 158 (e)  Pseudoxanthoma elasticum

(f)  Iatrogenesis:

●      Endoscopic sinus surgery. ●      Transsphenoidal pituitary surgery. ●      Trigeminal balloon microcompression gangliolysis.159

●   Perforation of the meningohypophyseal trunk during embolization 

of a meningioma.160

(g)  Fungal arteritis associated with:

●      Osteogenesis imperfecta.161

2.  Anatomy

(a)  ICA defect:

●   Most direct fistulas are a single hole measuring 2–6 mm in diam-

eter.162

●   Most common location the defect in traumatic cases is the horizon-

tal cavernous segment.162

●   May consist of more than one defect in the ICA (e.g., “double-hole” 

fistula) or a complete transection of the ICA.

(b)  Bilateral traumatic CC fistulas are present in 1–2% of cases 155,163 (c)  Venous drainage:

● Cavernous sinus. ●   Retrograde intracranial venous flow is present in 9% of patients.

164

3.  Presentation

(a)  Classic description: Pulsating exophthalmos.165,166 (b)  Most  frequent  presentation:  Exophthalmia  with  pulsating  conjunctival 

hyperhemia and vascular murmur.154

(c)  Severity of symptoms depends on the cause of fistula and the severity of 

the ICA lesion. Common findings include injection and chemosis, proptosis, 

elevated intraocular pressure, ophthalmoplegia and a periorbital bruit.

●      The sixth cranial nerve is most commonly affected.116

●   A  third  cranial  nerve  palsy,  when  present,  may  or  may  not  be 

pupil-sparing  (in  contrast  to  third  cranial  nerve  palsies  due  to  a 

posterior communicating artery aneurysm, which nearly invariably 

has pupillary involvement).

●                                                                                                      167 Rarely, seventh cranial nerve dysfunction is present.

(d)  A bruit is present in 80% of cases.155 (e)  Cerebral ischemia of the ipsilateral hemisphere can occur if the ICA flow 

is  diverted  into  the  cavernous  sinus  (i.e.,  a functional  ICA  occlusion  is present, even if the vessel is physically patent) and collateral circulation 

is insufficient. A direct CC fistula may also act as a sump and divert flow 

from major intracranial arteries such as the p-comm. 164

4.  Imaging

(a)  CT
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●   In traumatic cases, a fine-cut head CT should be obtained to assess 

for skull fractures.

–  Skull fractures are present in 7–17% of traumatic CC fistula 

cases.

●   CTA may show occlusion of the ICA or engorgement of the cavern-

ous sinus.

(b)  MRA:  Elliptical  centric  time-resolved  imaging  of  contrast  kinetics 

(EC-TRICKS) has provided good imaging of a direct CC fistula.168

(c)  Angiography

●   A  catheter  angiogram  remains  the  gold  standard  for  a  complete 

evaluation of a direct CC fistula.100

–  Contralateral carotid and vertebral injections should be done 

to assess collateral circulation.

●   The  anatomy  of  high-flow  fistulas  are  difficult  to  discern,  par-

ticularly if all of the contrast is diverted into the cavernous sinus. 

Helpful angiographic techniques:

–  Mehringer–Hieshima  maneuver169:  Low-rate  injection 

(2–3 mL/s) into the ipsilateral ICA while manual compression 

is applied to the ipsilateral CCA. Flow through the fistula is 

reduced to make it easier to see.

–  Huber  maneuver170:  Selective  injection  of  the  dominant 

vertebral artery while manual compression is applied to the 

ipsilateral CCA. The fistula will opacify by retrograde flow.

15.5.1.2.    Direct CC fistulas: Management

Spontaneous closure of direct CC fistulas occurs, but it is rare.156 Some small asymp-

tomatic direct fistulas can be left untreated, but most do require intervention. Further discussion of the management of cavernous segment ICA aneurysms is in Chap. 13.

1.  Manual compression

(a)  Technique:  The  patient  is  instructed  to  use  the  opposite  hand  to  locate 

the pulse of the carotid artery in the mid-neck region just lateral to the 

trachea. Gradually increasing pressure is applied until the palpable pulse 

is stopped. The opposite hand is used in case hemispheric ischemia devel-

ops. Compression is maintained for 10–15 s at a time, 2–3 times an hour.

●   Contraindications: Cervical carotid artery disease (atherosclerosis, 

dissection), sick sinus syndrome, poor patient compliance.

(b)  Results: 17% of patients with a direct CC fistula had complete closure of 

the fistula with no recurrence either clinically or at angiography done 1 

year later.65

2.  Cavernous sinus embolization

(a)  Transarterial

●      Detachable balloons

–  Cavernous sinus embolization with detachable balloons is asso-

ciated with a fistula occlusion rate of ~90% with  preservation 

of  the  ICA  in  60–88%  of  cases.63,162,163,171  Detachable  balloons are not currently available in the United States, but they are 

still in use in other countries.172,173

●      Coils

174,175

–  Coil  embolization  is  most  useful  for  the  treatment  of  direct 

CC fistulas due to a ruptured cavernous segment aneurysm.173 Transarterial  embolization  of  traumatic  CC  fistulas  can  be 

problematic,  particularly  when  the  defect  in  the  wall  of  the 

ICA is large. An initial closure of the fistula may be obtained, 

but  the  coils  may  migrate  within  the  cavernous  sinus  over 

time, leading to a recurrence of the fistula. The authors of this 

handbook have witnessed this scenario repeatedly.

●      Coils or balloons + liquid embolics

–  Transarterial embolization of the cavernous sinus with coils, 

combined with glue (NBCA) or Onyx, can be effective in select 

cases.172

●   Access  to  the  cavernous  sinus  can  even  be  reached  through  the 

vertebral artery.176

(b)  Transvenous

●   Transvenous embolization with coils alone seems to be more effec-

tive than transarterial embolization with coils alone, likely because 
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better microcatheter positioning is possible and tighter packing of 

the cavernous sinus can be achieved.174,175

●      Superior ophthalmic vein approach.70

3.  Stenting

(a)  Stent-assisted embolization177 (b)  Covered stent repair of the ICA 178–180

4.  Carotid sacrifice

(a)  Parent vessel occlusion is a valid option, but should be preceded by bal-

loon test occlusion

15.5.1.3.    Ehlers-Danlos type IV

Ehlers-Danlos Type IV (aka vascular type) is rare autosomal dominant collagen-

vascular disorder. Type IV accounts for 4% of all Ehlers-Danlos cases and is the most severe form of the disease.

1.  Diagnosis

(a)  Four clinical criteria181:

●      Easy bruising ●      Thin skin with visible veins ●      Characteristic facial features ●      Rupture of arteries, uterus, or intestines

(b)  Confirmation of diagnosis:

●   Cultured  fibroblasts  synthesize  abnormal  type  III  procollagen 

molecules  or  identification  of  a  mutation  in  the  gene  for  type  III 

procollagen.182

2.  Pathophysiology

(a)  Type III collagen is decreased or absent.

(b)  The vessels in affected patients have reduced total collagen content and have 

thin walls with irregular elastic fibrils and reduced cross-sectional area.

3.  Epidemiology

(a)  Very rare. Prevalence is unknown.

4.  Clinical features

(a)  Hypermobility  of  large  joints  and  hyperextensibility  of  the  skin,  fea-

tures  of  the  more  common  forms  of  Ehlers-Danlos  syndrome  are  unu-

sual in Type IV.

(b)  Median life expectancy is 48 years.182

●   Complications  are  rare  in  childhood;  25%  of  patients  have  a  first 

complication  by  the  age  of  20  years  and  more  than  80%  have  at 

least one complication by the age of 40.182

●                                                                                                          182 Most deaths result from arterial dissection or rupture.

(c) Cerebrovascular manifestations

●   About 10% of patients have an arterial problem affecting the cen-

tral nervous system.182

●      Direct CC fistulas

–  Most common cerebrovascular complication.

–  Patients are predominantly female.183 –  May be bilateral.184 –  Endovascular treatment of direct CC fistulas in patients with 

Ehlers Danlos IV is very hazardous because of the fragility of 

the vessels.157,184,185

–  A review of published reports of diagnostic cerebral angiogra-

phy in patients with Elhers-Danlos IV, the overall morbidity 

was 36% and mortality was 12%.186 In another report, two of four patients died due to remote vascular injuries around the 

time of their neurointerventional procedures. 185

 

15.6.      References

1.       Borden  JA,  Wu  JK,  Shucart  WA.  A  proposed  classifica-             formations  in  adults:  The  Scottish  Intracranial  Vascular 

tion  for  spinal  and  cranial  dural  arteriovenous  fistulous  Malformation Study (SIVMS). Stroke 2003;34(5):1163–9.

malformations and implications for treatment. J Neurosurg      3.      Davies MA, TerBrugge K, Willinsky R, Coyne T, Saleh J, 

1995;82(2):166–79. Wallace MC. The validity of classification for the clinical 

2.       Al-Shahi R, Bhattacharya JJ, Currie DG, et al. Prospective,              presentation  of  intracranial  dural  arteriovenous  fistulas.  J 

population-based  detection  of  intracranial  vascular  mal-             Neurosurg 1996;85(5):830–7.

DURAL ARTERIOVENOUS FISTULAS                                                               15.6. References                 555 4.       Cognard  C,  Gobin  YP,  Pierot  L,  et  al.  Cerebral  dural              outcome of conservative management based on the natural 

arteriovenous fistulas: clinical and angiographic correlation  history of the lesion. J Neurosurg 2002;97(4):767–70.

with a revised classification of venous drainage. Radiology      27.     Raupp  S,  van  Rooij  WJ,  Sluzewski  M,  Tijssen  CC. 1995;194(3):671–80. Type  I  cerebral  dural  arteriovenous  fistulas  of  the  lat-

5.      Houser  OW,  Campbell  JK,  Campbell  RJ,  Sundt  TM,            eral  sinus:  clinical  features  in  24  patients.  Eur  J  Neurol 

Jr.  Arteriovenous  malformation  affecting  the  transverse             2004;11(7):489–91. dural  venous  sinus  –  an  acquired  lesion.  Mayo  Clin  Proc      28.     van  Rooij  WJ,  Sluzewski  M,  Beute  GN.  Dural  arte-1979;54(10):651–61. riovenous fistulas with cortical venous drainage: incidence, 

6.       Piton J, Guilleux MH, Guibert-Tranier F, Caille JM. Fistulae             clinical  presentation,  and  treatment.  Am  J  Neuroradiol 

of the lateral sinus. J Neuroradiol 1984;11(3):143–59.                  2007;28(4):651–5.

7.       Mullan  S.  Reflections  upon  the  nature  and  management      29.     van Dijk JM, TerBrugge KG, Willinsky RA, Wallace MC. 

of  intracranial  and  intraspinal  vascular  malformations  and  Selective  disconnection  of  cortical  venous  reflux  as  treat-

fistulae. J Neurosurg 1994;80(4):606–16. ment  for  cranial  dural  arteriovenous  fistulas.  J  Neurosurg 

8.       Chaudhary  MY,  Sachdev  VP,  Cho  SH,  Weitzner  I,  Jr.,             2004;101(1):31–5.

Puljic  S,  Huang  YP.  Dural  arteriovenous  malformation      30.     Barnwell  SL,  Halbach  VV,  Dowd  CF,  Higashida  RT, of  the  major  venous  sinuses:  an  acquired  lesion.  Am  J  Hieshima  GB,  Wilson  CB.  Multiple  dural  arteriovenous 

Neuroradiol 1982;3(1):13–9. fistulas  of  the  cranium  and  spine.  Am  J  Neuroradiol 

9.       Terada T, Tsuura M, Komai N, et al. The role of angiogenic             1991;12(3):441–5.

factor  bFGF  in  the  development  of  dural  AVFs.  Acta      31.     Brown  RD,  Jr.,  Wiebers  DO,  Nichols  DA.  Intracranial Neurochir (Wien) 1996;138(7):877–83. dural  arteriovenous  fistulae:  angiographic  predictors  of 

10.     Lawton  MT,  Jacobowitz  R,  Spetzler  RF.  Redefined  role             intracranial hemorrhage and clinical outcome in nonsurgi-

of angiogenesis in the pathogenesis of dural arteriovenous             cal patients. J Neurosurg 1994;81(4):531–8. malformations. J Neurosurg 1997;87(2):267–74.               32.     Davies  MA,  ter  Brugge  K,  Willinsky  R,  Wallace  MC. 

11.     Uranishi R, Nakase H, Sakaki T. Expression of angiogenic            The  natural  history  and  management  of  intracranial  dural 

growth  factors  in  dural  arteriovenous  fistula.  J  Neurosurg  arteriovenous  fistulae.  Part  2:  Aggressive  lesions.  Interv 

1999;91(5):781–6.                                                Neuroradiol 1997;3:303–11.

12.     Tirakotai  W,  Bian  LG,  Bertalanffy  H,  Siegfried  B,  Sure      33.     van  Dijk  JMC,  terBrugge  KG,  Willinsky  RA,  Wallace 

U.  Immunohistochemical  study  in  dural  arteriovenous  MC. Clinical course of cranial dural arteriovenous fistulas 

fistula  and  possible  role  of  ephrin-B2  for  develop- with  long-term  persistent  cortical  venous  reflux.  Stroke 

ment  of  dural  arteriovenous  fistula.  Chin  Med  J  (Engl)             2002;33(5):1233–6. 2004;117(12):1815–20.                                     34.    Cordonnier  C, Al-Shahi  Salman  R,  Bhattacharya  JJ,  et  al. 

13.     Klisch  J,  Kubalek  R,  Scheufler  KM,  Zirrgiebel  U,  Drevs             Differences  between  intracranial  vascular  malformation 

J,  Schumacher  M.  Plasma  vascular  endothelial  growth  types  in  the  characteristics  of  their  presenting  haem-

factor  and  serum  soluble  angiopoietin  receptor  sTIE-2  in  orrhages:  prospective,  population-based  study.  J  Neurol 

patients  with  dural  arteriovenous  fistulas:  a  pilot  study.              Neurosurg Psychiatry 2008;79:47–51. Neuroradiology 2005;47(1):10–7.                            35.     Awad  IA,  Little  JR,  Akarawi  WP,  Ahl  J.  Intracranial 

14.     Arkhipovich AA.  [The  functional  significance  of  the  arte-             dural  arteriovenous  malformations:  factors  predispos-

riovenous  anastomoses  of  the  cerebral  dura  mater].  Vopr  ing  to  an  aggressive  neurological  course.  J  Neurosurg 

Neirokhir 1974;0(2):37–42.                                         1990;72(6):839–50.

15.     Rowbotham GF, Little E. The circulations and reservoir of      36.     Malik  GM,  Pearce  JE,  Ausman  JI,  Mehta  B.  Dural  arte-

the brain. Br J Surg 1962;50:244–50. riovenous  malformations  and  intracranial  hemorrhage. 

16.     Kerber CW, Newton TH. The macro and microvasculature            Neurosurgery 1984;15(3):332–9.

of the dura mater. Neuroradiology 1973;6(4):175–9.            37.     Willinsky  R,  Terbrugge  K,  Montanera  W,  Mikulis  D, 

17.     Ishikawa  T,  Sato  S,  Sasaki  T,  et  al.  Histologic  study  of              Wallace  MC.  Venous  congestion:  an  MR  finding  in  dural 

arteriovenous  shunts  in  the  normal  dura  mater  adjacent  to  arteriovenous malformations with cortical venous drainage. 

the transverse sinus. Surg Neurol 2007;68(3):272–6.                   Am J Neuroradiol 1994;15(8):1501–7.

18.     Djindjian  R,  Cophignon  J,  Rey  A,  Theron  J,  Merland      38.     Yamakami I, Kobayashi E, Yamaura A. Diffuse white mat-

JJ,  Houdart  R.  Superselective  arteriographic  emboliza- ter  changes  caused  by  dural  arteriovenous  fistula.  J  Clin 

tion  by  the  femoral  route  in  neuroradiology.  Study  of  50              Neurosci 2001;8(5):471–5. cases.  II.  Embolization  in  vertebromedullary  pathology.      39.     Hirono  N,  Yamadori  A,  Komiyama  M.  Dural  arteriov-Neuroradiology 1973;6(3):132–42. enous fistula: a cause of hypoperfusion-induced intellectual 

19.     Hamada  Y,  Goto  K,  Inoue  T,  et  al.  Histopathological             impairment. Eur Neurol 1993;33(1):5–8.

aspects  of  dural  arteriovenous  fistulas  in  the  transverse-      40.     Cognard  C,  Casasco  A,  Toevi  M,  Houdart  E,  Chiras sigmoid  sinus  region  in  nine  patients.  Neurosurgery  J,  Merland  J-J.  Dural  arteriovenous  fistulas  as  a  cause 

1997;40(3):452–6; discussion 6–8. of  intracranial  hypertension  due  to  impairment  of  cra-

20.     Nishijima M, Takaku A, Endo S, et al. Etiological evalua-            nial  venous  outflow.  J  Neurol  Neurosurg  Psychiatry 

tion of dural arteriovenous malformations of the lateral and             1998;65(3):308–16. sigmoid sinuses based on histopathological examinations. J      41.     Hurst RW, Bagley LJ, Galetta S, et al. Dementia resulting Neurosurg 1992;76(4):600–6. from  dural  arteriovenous  fistulas:  the  pathologic  findings 

21.     Handa J, Yoneda S, Handa H. Venous sinus occlusion with            of venous hypertensive encephalopathy. Am J Neuroradiol 

a  dural  arteriovenous  malformation  of  the  posterior  fossa.              1998;19(7):1267–73. Surg Neurol 1975;4(5):433–7.                                42.     Hasumi T, Fukushima T, Haisa T, Yonemitsu T, Waragai M. 

22.    Herman  JM,  Spetzler  RF,  Bederson  JB,  Kurbat  JM,            Focal  dural  arteriovenous  fistula  (DAVF)  presenting  with 

Zabramski JM. Genesis of a dural arteriovenous malforma- progressive  cognitive  impairment  including  amnesia  and 

tion in a rat model. J Neurosurg 1995;83(3):539–45.                   alexia. Intern Med 2007;46(16):1317–20.

23.     Terada T,  Higashida  RT,  Halbach VV,  et  al.  Development      43.     Silberstein P, Kottos P, Worner C, et al. Dural arteriovenous 

of  acquired  arteriovenous  fistulas  in  rats  due  to  venous  fistulae  causing  pseudotumour  cerebri  syndrome  in  an 

hypertension. J Neurosurg 1994;80(5):884–9.                         elderly man. J Clin Neurosci 2003;10(2):242–3.

24.     Lasjaunias  P,  Chiu  M,  ter  Brugge  K,  Tolia  A,  Hurth      44.     Lee PH, Lee JS, Shin DH, Kim BM, Huh K. Parkinsonism 

M,  Bernstein  M.  Neurological  manifestations  of  intrac- as an initial manifestation of dural arteriovenous fistula. Eur 

ranial  dural  arteriovenous  malformations.  J  Neurosurg             J Neurol 2005;12(5):403–6. 1986;64(5):724–30.                                        45.     Stouffer  JL, Tyler  RS.  Characterization  of  tinnitus  by  tin-

25.     Kincaid  PK,  Duckwiler  GR,  Gobin  YP,  Vinuela  F.  Dural             nitus patients. J Speech Hear Disord 1990;55(3):439–53.

arteriovenous  fistula  in  children:  endovascular  treat-     46.     Waldvogel  D,  Mattle  HP,  Sturzenegger  M,  Schroth  G. ment  and  outcomes  in  seven  cases.  Am  J  Neuroradiol  Pulsatile  tinnitus  –  a  review  of  84  patients.  J  Neurol 

2001;22(6):1217–25.                                             1998;245(3):137–42.

26.     Satomi  J,  van  Dijk  JM,  Terbrugge  KG,  Willinsky  RA,      47.     Adler JR, Ropper AH. Self-audible venous bruits and high 

Wallace  MC.  Benign  cranial  dural  arteriovenous  fistulas:             jugular bulb. Arch Neurol 1986;43(3):257–9.

 

556                  15.6. References                                                                          DURAL ARTERIOVENOUS FISTULAS 48.     Russell  EJ,  De  Michaelis  BJ, Wiet  R,  Meyer  J.  Objective      69.     Thompson BG, Doppman JL, Oldfield EH. Treatment of cra-

pulse-synchronous  “essential”  tinnitus  due  to  narrow- nial dural arteriovenous fistulae by interruption of leptome-

ing  of  the  transverse  dural  venous  sinus.  Int  Tinnitus  J  ningeal venous drainage. J Neurosurg 1994;80(4):617–23.

1995;1(2):127–37.                                          70.    Miller  NR,  Monsein  LH,  Debrun  GM,  Tamargo  RJ, 

49.     Shin EJ, Lalwani AK, Dowd CF. Role of angiography in the             Nauta  HJ.  Treatment  of  carotid-cavernous  sinus  fistulas 

evaluation of patients with pulsatile tinnitus. Laryngoscope  using  a  superior  ophthalmic  vein  approach.  J  Neurosurg 

2000;110(11):1916–20.                                            1995;83(5):838–42.

50.     Cawley  CM,  Barrow  DL,  Dion  JE.  Treatment  of  lateral-      71.     Quinones  D,  Duckwiler  G,  Gobin  PY,  Goldberg  RA, 

sigmoid  and  sagittal  sinus  dural  arteriovenous  malforma- Vinuela  F.  Embolization  of  dural  cavernous  fistulas  via 

tions.  In:  Winn  HR,  ed.  Youmans  Neurological  Surgery.  superior  ophthalmic  vein  approach.  Am  J  Neuroradiol 

Philadelphia: Saunders; 2004:2283–91.                               1997;18(5):921–8.

51.     van Rooij WJ, Sluzewski M, Beute GN. Intracranial dural      72.     Houdart E, Saint-Maurice JP, Chapot R, et al. Transcranial 

fistulas with exclusive perimedullary drainage: the need for  approach  for  venous  embolization  of  dural  arteriovenous 

complete cerebral angiography for diagnosis and treatment             fistulas. J Neurosurg 2002;97(2):280–6.

planning. Am J Neuroradiol 2007;28(2):348–51.               73.     Koebbe CJ, Singhal D, Sheehan J, et al. Radiosurgery for 

52.     Willinsky  R,  Goyal  M,  terBrugge  K,  Montanera  W.            dural  arteriovenous  fistulas.  Surg  Neurol  2005;64(5):392–

Tortuous,  engorged  pial  veins  in  intracranial  dural  arte-              8; discussion 8–9.

riovenous  fistulas:  correlations  with  presentation,  loca-      74.     Soderman M, Edner G, Ericson K, et al. Gamma knife sur-

tion,  and  MR  findings  in  122  patients. Am  J  Neuroradiol  gery for dural arteriovenous shunts: 25 years of experience. 

1999;20(6):1031–6.                                               J Neurosurg 2006;104(6):867–75.

53.     Coley  SC,  Romanowski  CA,  Hodgson  TJ,  Griffiths  PD.      75.     Friedman JA, Pollock BE, Nichols DA, Gorman DA, Foote 

Dural  arteriovenous  fistulae:  noninvasive  diagnosis  with  RL, Stafford SL. Results of combined stereotactic radiosur-

dynamic  MR  digital  subtraction  angiography.  Am  J  gery and transarterial embolization for dural arteriovenous 

Neuroradiol 2002;23(3):404–7. fistulas of the transverse and sigmoid sinuses. J Neurosurg 

54.     Noguchi K, Kubo M, Kuwayama N, et al. Intracranial dural             2001;94(6):886–91.

arteriovenous fistulas with retrograde cortical venous drain-      76.     O’Leary  S,  Hodgson  TJ,  Coley  SC,  Kemeny AA,  Radatz 

age:  assessment  with  cerebral  blood  volume  by  dynamic  MW.  Intracranial  dural  arteriovenous  malformations: 

susceptibility  contrast  magnetic  resonance  imaging. Am  J  results  of  stereotactic  radiosurgery  in  17  patients.  Clin 

Neuroradiol 2006;27(6):1252–6.                                    Oncol (R Coll Radiol) 2002;14(2):97–102.

55.     Hashimoto Y,  Kin  S,  Haraguchi  K,  Niwa  J.  Pitfalls  in  the       77.     Pan  DH,  Chung  WY,  Guo  WY,  et  al.  Stereotactic  radio-

preoperative evaluation of subarachnoid hemorrhage with- surgery  for  the  treatment  of  dural  arteriovenous  fistu-

out digital subtraction angiography: report on 2 cases. Surg  las  involving  the  transverse-sigmoid  sinus.  J  Neurosurg 

Neurol 2007;68(3):344–8.                                          2002;96(5):823–9.

56.     Coskun O, Hamon M, Catroux G, Gosme L, Courtheoux P,      78.     Kim  MS,  Han  DH,  Kwon  OK,  Oh  C-W,  Han  MH. 

Theron J. Carotid-cavernous fistulas: diagnosis with Ssiral  Clinical characteristics of dural arteriovenous fistula. J Clin 

CT angiography. Am J Neuroradiol 2000;21(4):712–6.                Neurosci 2002;9(2):147–55.

57.     Davies  MA,  Saleh  J,  ter  Brugge  K,  Willinsky  R,  Wallace      79.     McDougall CG, Halbach VV, HIgashida RT, et al. Treatment 

MC.  The  natural  history  and  management  of  intracranial  of dural arteriovenous fistulas. Neursurg Q 1997;7:110–34.

dural arteriovenous fistulae. Part 1: Benign lesions. Interv      80.     Lalwani  AK,  Dowd  CF,  Halbach  VV.  Grading  venous 

Neuroradiol 1997;3:295–302. restrictive  disease  in  patients  with  dural  arteriovenous 

58.     Cognard C, Houdart E, Casasco A, Gabrillargues J, Chiras             fistulas  of  the  transverse/sigmoid  sinus.  J  Neurosurg 

J,  Merland  JJ.  Long-term  changes  in  intracranial  dural              1993;79(1):11–5.

arteriovenous  fistulae  leading  to  worsening  in  the  type  of       81.     Ahn JY, Lee BH, Cho YJ, Joo JY, Lee KS. Dural arteriov-

venous drainage. Neuroradiology 1997;39(1):59–66. enous fistula associated with meningioma: spontaneous dis-

59.     Duffau H, Lopes M, Janosevic V, et al. Early rebleeding from             appearance after tumor removal. Neurol Med Chir (Tokyo) 

intracranial  dural  arteriovenous  fistulas:  report  of  20  cases               2003;43(6):308–11.

and review of the literature. J Neurosurg 1999;90(1):78–84.       82.     Horinaka  N,  Nonaka  Y,  Nakayama  T,  Mori  K,  Wada 

60.     Olutola  PS,  Eliam  M,  Molot  M,  Talalla  A.  Spontaneous             R,  Maeda  M.  Dural  arteriovenous  fistula  of  the  trans-

regression  of  a  dural  arteriovenous  malformation.  verse sinus with concomitant ipsilateral meningioma. Acta 

Neurosurgery 1983;12(6):687–90. Neurochir (Wien) 2003;145(6):501–4; discussion 4.

61.     Hamby  WB.  Signs  and  symptoms  of  carotid-cavernous      83.     de  Paula  Lucas  C,  Zabramski  JM.  Dural  arteriovenous 

fistula. In: Carotid Cavernous Fistula. Springfield: Charles  fistula  of  the  transverse-sigmoid  sinus  causing  trigeminal 

C. Thomas; 1966. neuralgia. Acta Neurochir (Wien) 2007;149(12):1249–53.

62.     Phelps CD, Thompson HS, Ossoinig KC. The diagnosis and      84.     Collice  M,  D’Aliberti  G,  Talamonti  G,  et  al.  Surgical 

prognosis  of  atypical  carotid-cavernous  fistula  (red-eyed  interruption  of  leptomeningeal  drainage  as  treatment  for 

shunt syndrome). Am J Ophthalmol 1982;93(4):423–36. intracranial dural arteriovenous fistulas without dural sinus 

63.     Barrow  DL,  Spector  RH,  Braun  IF,  Landman  JA,  Tindall             drainage. J Neurosurg 1996;84(5):810–7.

SC,  Tindall  GT.  Classification  and  treatment  of  spon-      85.     Urtasun F, Biondi A, Casaco A, et al. Cerebral dural arte-

taneous  carotid-cavernous  sinus  fistulas.  J  Neurosurg  riovenous fistulas: percutaneous transvenous embolization. 

1985;62(2):248–56.                                               Radiology 1996;199(1):209–17.

64.     Sasaki H, Nukui H, Kaneko M, et al. Long-term observa-     86.     Roy D, Raymond J. The role of transvenous embolization 

tions in cases with spontaneous carotid-cavernous fistulas.  in the treatment of intracranial dural arteriovenous fistulas. 

Acta Neurochir (Wien) 1988;90(3–4):117–20. Neurosurgery 1997;40(6):1133–41; discussion 41–4.

65.     Higashida  RT,  Hieshima  GB,  Halbach  VV,  Bentson  JR,      87.     Caragine  LP,  Halbach  VV,  Dowd  CF,  Ng  PP,  Higashida 

Goto  K.  Closure  of  carotid  cavernous  sinus  fistulae  by  RT.  Parallel  venous  channel  as  the  recipient  pouch  in 

external compression of the carotid artery and jugular vein.  transverse/sigmoid  sinus  dural  fistulae.  Neurosurgery 

Acta Radiol Suppl 1986;369:580–3.                                 2003;53(6):1261–6; discussion 6–7.

66.     Halbach VV, Higashida RT, Hieshima GB, Goto K, Norman      88.     Dawson  RC,  III,  Joseph  GJ,  Owens  DS,  Barrow  DL. 

D,  Newton  TH.  Dural  fistulas  involving  the  transverse  Transvenous embolization as the primary therapy for arte-

and  sigmoid  sinuses:  results  of  treatment  in  28  patients.  riovenous fistulas of the lateral and sigmoid sinuses. Am J 

Radiology 1987;163(2):443–7.                                     Neuroradiol 1998;19(3):571–6.

67.     Lucas  CP,  Zabramski  JM,  Spetzler  RF,  Jacobowitz  R.      89.     Halbach  VV,  HIgashida  RT,  Hieshima  GB,  Christopher 

Treatment  for  intracranial  dural  arteriovenous  malforma- FD.  Endovascular  therapy  of  dural  fistulas.  In: Vinuela  F, 

tions: a meta-analysis from the English language literature.  Halbach VV, Dion JE, eds. Interventional Neuroradiology: 

Neurosurgery 1997;40(6):1119–30; discussion 30–2. Endovascular Therapy of the Central Nervous System. New 

68.     Sundt TM, Jr., Piepgras DG. The surgical approach to arte-             York: Raven; 1992:29–50.

riovenous  malformations  of  the  lateral  and  sigmoid  dural      90.     Olteanu-Nerbe  V,  Uhl  E,  Steiger  HJ,  Yousry  T,  Reulen 

sinuses. J Neurosurg 1983;59(1):32–9. HJ.  Dural  arteriovenous  fistulas  including  the  transverse 

 

DURAL ARTERIOVENOUS FISTULAS                                                               15.6. References                 557

and sigmoid sinuses: results of treatment in 30 cases. Acta  110.  Kuwayama  N,  Endo  S,  Kitabayashi  M,  Nishijima  M, 

Neurochir (Wien) 1997;139(4):307–18. Takaku A. Surgical transvenous embolization of a cortically 

91.     Murphy KJ, Gailloud P, Venbrux A, Deramond H, Hanley            draining carotid cavernous fistula via a vein of the sylvian 

D,  Rigamonti  D.  Endovascular  treatment  of  a  grade  IV             fissure. Am J Neuroradiol 1998;19(7):1329–32. transverse  sinus  dural  arteriovenous  fistula  by  sinus  reca- 111.  Jahan  R,  Gobin  YP,  Glenn  B,  Duckwiler  GR,  Vinuela  F. 

nalization, angioplasty, and stent placement: technical case  Transvenous  embolization  of  a  dural  arteriovenous  fistula 

report. Neurosurgery 2000;46(2):497–500; discussion-1. of  the  cavernous  sinus  through  the  contralateral  pterygoid 

92.     Tomsick TA. Etiology, prevalence, and natural history. In:             plexus. Neuroradiology 1998;40(3):189–93.

Tomsick  TA,  ed.  Carotid  Cavernous  Fistula.  Cincinnati:  112.  Venturi  C,  Bracco  S,  Cerase A,  et  al.  Endovascular  treat-

Digital Educational Publishing; 1997:59–73. ment  of  a  cavernous  sinus  dural  arteriovenous  fistula  by 

93.     Ernst  RJ,  Tomsick  TA.  Classification  and  angiography  of              transvenous embolisation through the superior ophthalmic 

carotid  cavernous  fistulas.  In:  Tomsick  TA,  ed.  Carotid  vein  via  cannulation  of  a  frontal  vein.  Neuroradiology 

Cavernous  Fistula.  Cincinnati:  Digital  Educational            2003;45(8):574–8. Publishing; 1997:13–21. 113.  Wakhloo  AK,  Perlow  A,  Linfante  I,  et  al.  Transvenous 

94.     Kirsch  M,  Henkes  H,  Liebig  T,  et  al.  Endovascular  man-              n-butyl-cyanoacrylate  infusion  for  complex  dural  carotid 

agement  of  dural  carotid-cavernous  sinus  fistulas  in  141  cavernous  fistulas:  technical  considerations  and  clinical 

patients. Neuroradiology 2006;48(7):486–90. outcome. Am J Neuroradiol 2005;26(8):1888–97.

95.    Malek  AM,  Halbach  VV,  HIgashida  RT,  Phatouros      114.  Shaibani A,  Rohany  M,  Parkinson  R,  et  al.  Primary  treat-

CC,  Meyers  PM,  Dowd  CF.  Treatment  of  dural  arteri- ment of an indirect carotid cavernous fistula by injection of 

omalformations  and  fistulas.  In:  Rosenwasser  RH,  ed.  N-butyl  cyanoacrylate  in  the  dural  wall  of  the  cavernous 

Neuroendovascular  Surgery.  Philadelphia:  Saunders;  sinus. Surg Neurol 2007;67(4):403–8; discussion 8.

2000:147–66. 115.  Suzuki  S,  Lee  DW,  Jahan  R,  Duckwiler  GR,  Vinuela 

96.     Barnwell  SL,  Halbach  VV,  Dowd  CF,  Higashida  RT,            F.  Transvenous  treatment  of  spontaneous  dural  carotid-

Hieshima  GB.  Dural  arteriovenous  fistulas  involving  cavernous fistulas using a combination of detachable coils 

the  inferior  petrosal  sinus:  angiographic  findings  in  six              and onyx. Am J Neuroradiol 2006;27(6):1346–9. patients. Am J Neuroradiol 1990;11(3):511–6. 116.  Kupersmith  MJ,  Berenstein  A,  Flamm  E,  Ransohoff  J. 

97.     Mohyuddin A. Indirect carotid cavernous fistula presenting             Neuroophthalmologic abnormalities and intravascular ther-

as pulsatile tinnitus. J Laryngol Otol 2000;114(10):788–9. apy of traumatic carotid cavernous fistulas. Ophthalmology 

98.     Halbach  VV,  Higashida  RT,  Hieshima  GB,  Reicher  M,             1986;93(7):906–12.

Norman  D,  Newton TH.  Dural  fistulas  involving  the  cav- 117.  Guo WY, Pan DH, Wu HM, et al. Radiosurgery as a treat-

ernous sinus: results of treatment in 30 patients. Radiology  ment  alternative  for  dural  arteriovenous  fistulas  of  the 

1987;163(2):437–42. cavernous sinus. Am J Neuroradiol 1998;19(6):1081–7.

99.     Acierno  MD,  Trobe  JD,  Cornblath  WT,  Gebarski  SS.      118.  Pollock BE, Nichols DA, Garrity JA, Gorman DA, Stafford 

Painful  oculomotor  palsy  caused  by  posterior-draining  SL.  Stereotactic  radiosurgery  and  particulate  emboliza-

dural  carotid  cavernous  fistulas.  Arch  Ophthalmol  tion  for  cavernous  sinus  dural  arteriovenous  fistulae. 

1995;113(8):1045–9. Neurosurgery 1999;45(3):459–66; discussion 66–7.

100.  Phatouros CC, Meyers PM, Dowd CF, Halbach VV, Malek  119.  Ng PP, Halbach VV, Quinn R, et al. Endovascular treatment 

AM,  HIgashida  RT.  Carotid  artery  cavernous  fistulas.  for  dural  arteriovenous  fistulae  of  the  superior  petrosal 

In:  Rosenwasser  RH,  ed.  Neuroendovascular  Surgery.  sinus. Neurosurgery 2003;53(1):25–32; discussion-3.

Philadelphia: W.B. Saunders; 2000:67–84. 120.  Tomak PR, Cloft HJ, Kaga A, Cawley CM, Dion J, Barrow 

101.  Yamashita K, Taki W, Nishi S, et al. Transvenous emboliza- DL. Evolution of the management of tentorial dural arterio-

tion  of  dural  caroticocavernous  fistulae:  technical  consid- venous  malformations.  Neurosurgery  2003;52(4):750–60; 

erations. Neuroradiology 1993;35(6):475–9.                          discussion 60–2.

102.  Meyers  PM,  Halbach  VV,  Dowd  CF,  et  al.  Dural  carotid  121.  Grisoli  F, Vincentelli  F,  Fuchs  S,  et  al.  Surgical  treatment 

cavernous  fistula:  definitive  endovascular  management  of  tentorial  arteriovenous  malformations  draining  into  the 

and  long-term  follow-up.  Am  J  Ophthalmol  2002;134(1): subarachnoid  space.  Report  of  four  cases.  J  Neurosurg 

85–92.                                                           1984;60(5):1059–66.

103.  Kinugasa  K,  Tokunaga  K,  Kamata  I,  et  al.  Selection  122.  Zhou  L-F,  Chen  L,  Song  D-L,  Gu  Y-X,  Leng  B.  Tentorial 

and  combination  of  techniques  for  treating  spontaneous  dural arteriovenous fistulas. Surg Neurol 2007;67(5):472–81.

carotid-cavernous sinus fistulas. Neurol Med Chir (Tokyo)  123.  Picard L, Bracard S, Islak C, et al. Dural fistulae of the ten-

1994;34(9):597–606. torium cerebelli. Radioanatomical, clinical and therapeutic 

104.  Kim  DJ,  Kim  DI,  Suh  SH,  et  al.  Results  of  transvenous  considerations. J Neuroradiol 1990;17(3):161–81.

embolization of cavernous dural arteriovenous fistula: a sin- 124.  Lewis  AI,  Rosenblatt  SS,  Tew  JM,  Jr.  Surgical  manage-

gle-center experience with emphasis on complications and  ment  of  deep-seated  dural  arteriovenous  malformations.  J 

management. Am J Neuroradiol 2006;27(10):2078–82.               Neurosurg 1997;87(2):198–206.

105.  Halbach  VV,  Higashida  RT,  Hieshima  GB,  Hardin  CW,  125.  King  WA,  Martin  NA.  Intracerebral  hemorrhage  due  to 

Pribram  H.  Transvenous  embolization  of  dural  fistu- dural arteriovenous malformations and fistulae. Neurosurg 

las  involving  the  cavernous  sinus.  Am  J  Neuroradiol             Clin N Am 1992;3(3):577–90. 1989;10(2):377–83. 126.  van  Rooij  W,  Sluzewski  M,  Beute  GN.  Tentorial  artery 

106.   Benndorf  G,  Bender  A,  Lehmann  R,  Lanksch  W.            embolization  in  tentorial  dural  arteriovenous  fistulas. 

Transvenous  occlusion  of  dural  cavernous  sinus  fistulas              Neuroradiology 2006;48(10):737–43. through  the  thrombosed  inferior  petrosal  sinus:  report  127.  Deshmukh  VR,  Maughan  PH,  Spetzler  RF.  Resolution 

of  four  cases  and  review  of  the  literature.  Surg  Neurol  of  hemifacial  spasm  after  surgical  obliteration  of  a  ten-

2000;54(1):42–54. torial  arteriovenous  fistula:  case  report.  Neurosurgery 

107.  Benndorf G, Bender A, Campi A, Menneking H, Lanksch            2006;58(1):E202; discussion E.

WR.  Treatment  of  a  cavernous  sinus  dural  arteriovenous  128.  Benndorf  G,  Schmidt  S,  Sollmann  WP,  Kroppenstedt 

fistula by deep orbital puncture of the superior ophthalmic  SN.  Tentorial  dural  arteriovenous  fistula  presenting  with 

vein. Neuroradiology 2001;43(6):499–502. various  visual  symptoms  related  to  anterior  and  posterior 

108.  Agid  R,  Willinsky  RA,  Haw  C,  Souza  MP,  Vane  IJ,  ter- visual  pathway  dysfunction:  case  report.  Neurosurgery 

Brugge KG. Targeted compartmental embolization of cav-            2003;53(1):222–6; discussion 6–7. ernous sinus dural arteriovenous fistulae using transfemoral  129.  Matsushige  T,  Nakaoka  M,  Ohta  K,  Yahara  K,  Okamoto 

medial  and  lateral  facial  vein  approaches.  Neuroradiology  H,  Kurisu  K.  Tentorial  dural  arteriovenous  malformation 

2004;46(2):156–60. manifesting  as  trigeminal  neuralgia  treated  by  stereotactic 

109.  Mounayer C, Piotin M, Spelle L, Moret J. Superior petrosal  radiosurgery:  a  case  report.  Surg  Neurol  2006;66(5):519–

sinus  catheterization  for  transvenous  embolization  of  a              23; discussion 23. dural  carotid  cavernous  sinus  fistula.  Am  J  Neuroradiol  130.  Iwamuro  Y,  Nakahara  I,  Higashi  T,  et  al.  Tentorial  dural 

2002;23(7):1153–5. arteriovenous  fistula  presenting  symptoms  due  to  mass 

 

558                  15.6. References                                                                          DURAL ARTERIOVENOUS FISTULAS

effect on the dilated draining vein: case report. Surg Neurol  cranial  fossa:  natural  history  for  7  years.  Surg  Neurol 

2006;65(5):511–5.                                                 2004;62(1):72–5.

131.   Detwiler  PW,  Lucas  CP,  Zabramski  JM,  McDougall      152.  Defreyne  L,  Vanlangenhove  P,  Vandekerckhove  T,  et  al. 

CG.  Cranial  dural  arteriovenous  malformations.  BNI  Q  Transvenous  embolization  of  a  dural  arteriovenous  fistula 

2000;16(1):24–32. of  the  anterior  cranial  fossa:  preliminary  results.  Am  J 

132.  Kallmes  DF,  Jensen  ME,  Cloft  HJ,  Kassell  NF,  Dion  JE.              Neuroradiol 2000;21(4):761–5.

Percutaneous transvenous coil embolization of a Djindjian  153.  Tsutsumi  S,  Rhoton AL,  Jr.  Microsurgical  anatomy  of  the 

type  4  tentorial  dural  arteriovenous  malformation.  Am  J  central  retinal  artery.  Neurosurgery  2006;59(4):870–8; 

Neuroradiol 1997;18(4):673–6.                                      discussion 8–9.

133.  Lv X, Li Y, Lv M, Liu A, Zhang J, Wu Z. Trigeminocardiac  154.  Desal  H,  Leaute  F,  Auffray-Calvier  E,  et  al.  [Direct 

reflex  in  embolization  of  intracranial  dural  arteriovenous  carotid-cavernous  fistula.  Clinical,  radiologic  and  ther-

fistula. Am J Neuroradiol 2007;28(9):1769–70. apeutic  studies.  Apropos  of  49  cases].  J  Neuroradiol 

134.  Lewis  AI,  Tomsick  TA,  Tew  JM,  Jr.  Management  of            1997;24(2):141–54.

tentorial  dural  arteriovenous  malformations:  transarterial  155.  Lewis  AI,  Tomsick  TA,  Tew  JM,  Jr.  Management  of 

embolization  combined  with  stereotactic  radiation  or  sur- 100  consecutive  direct  carotid-cavernous  fistulas:  results 

gery. J Neurosurg 1994;81(6):851–9. of  treatment  with  detachable  balloons.  Neurosurgery 

135.  Shin  M,  Kurita  H,  Tago  M,  Kirino  T.  Stereotactic  radio-              1995;36(2):239–44; discussion 44–5.

surgery  for  tentorial  dural  arteriovenous  fistulae  draining  156.  Debrun  GM,  Vinuela  F,  Fox  AJ,  Davis  KR,  Ahn  HS. 

into  the  vein  of  Galen:  report  of  two  cases.  Neurosurgery  Indications for treatment and classification of 132 carotid-

2000;46(3):730–3; discussion 3–4. cavernous fistulas. Neurosurgery 1988;22(2):285–9.

136.  Kurl S, Saari T, Vanninen R, Hernesniemi J. Dural arterio- 157.  Desal  HA,  Toulgoat  F,  Raoul  S,  et  al.  Ehlers-Danlos 

venous  fistulas  of  superior  sagittal  sinus:  case  report  and  syndrome  type  IV  and  recurrent  carotid-cavernous  fistula: 

review of literature. Surg Neurol 1996;45(3):250–4. review of the literature, endovascular approach, technique 

137.  Barnwell  SL,  Halbach  VV,  Dowd  CF,  Higashida  RT,  and difficulties. Neuroradiology 2005;47(4):300–4.

Hieshima  GB,  Wilson  CB.  A  variant  of  arteriovenous  158.  Numaguchi Y, Higashida RT, Abernathy JM, Pisarello JC. 

fistulas  within  the  wall  of  dural  sinuses.  Results  of  com- Balloon embolization in a carotid-cavernous fistula in fibro-

bined  surgical  and  endovascular  therapy.  J  Neurosurg  muscular dysplasia. Am J Neuroradiol 1987;8(2):380–2.

1991;74(2):199–204.                                       159.   Kuether  TA,  O’Neill  OR,  Nesbit  GM,  Barnwell  SL. 

138.  Pierot  L,  Visot  A,  Boulin  A,  Dupuy  M.  Combined  neu- Direct  carotid  cavernous  fistula  after  trigeminal  balloon 

rosurgical  and  neuroradiological  treatment  of  a  com- microcompression  gangliolysis:  case  report.  Neurosurgery 

plex  superior  sagittal  sinus  dural  fistula:  technical  note.               1996;39(4):853–5; discussion 5–6.

Neurosurgery 1998;42(1):194–7. 160.  Barr  JD,  Mathis  JM,  Horton  JA.  Iatrogenic  carotid-cav-

139.  Jaeger R. Observations on resection of the superior longitu- ernous fistula occurring after embolization of a cavernous 

dinal sinus at and posterior to the rolandic venous inflow. J  sinus meningioma. Am J Neuroradiol 1995;16(3):483–5.

Neurosurg 1951;8(1):103–9. 161.  de  Campos  JM,  Ferro  MO,  Burzaco  JA,  Boixados  JR. 

140.  Halbach VV, Higashida RT, Hieshima GB, Rosenblum M,  Spontaneous  carotid-cavernous  fistula  in  osteogenesis 

Cahan  L. Treatment  of  dural  arteriovenous  malformations             imperfecta. J Neurosurg 1982;56(4):590–3.

involving  the  superior  sagittal  sinus.  Am  J  Neuroradiol  162.  Debrun  G,  Lacour  P, Vinuela  F,  Fox A,  Drake  CG,  Caron 

1988;9(2):337–43. JP. Treatment of 54 traumatic carotid-cavernous fistulas. J 

141.  Bertalanffy A, Dietrich W, Kitz K, Bavinzski G. Treatment             Neurosurg 1981;55(5):678–92.

of  dural  arteriovenous  fistulae  (dAVF’s)  at  the  supe- 163.  Higashida  RT,  Halbach  VV,  Tsai  FY,  et  al.  Interventional 

rior  sagittal  sinus  (SSS)  using  embolisation  combined  neurovascular treatment of traumatic carotid and vertebral 

with  micro-  or  radiosurgery.  Minim  Invasive  Neurosurg  artery  lesions:  results  in  234  cases.  Am  J  Roentgenol 

2001;44(4):205–10.                                               1989;153(3):577–82.

142.  Maruyama  K,  Shin  M,  Kurita  H,  Tago  M,  Kirino  T.  164.  Halbach  VV,  Hieshima  GB,  Higashida  RT,  Reicher  M. 

Stereotactic  radiosurgery  for  dural  arteriovenous  fis- Carotid cavernous fistulae: indications for urgent treatment. 

tula  involving  the  superior  sagittal  sinus.  Case  report.  J               Am J Roentgenol 1987;149(3):587–93.

Neurosurg 2002;97(5 Suppl):481–3. 165.  Dandy  WE,  Follis  RH.  On  the  pathology  of  carotid-

143.  Gliemroth  J,  Nowak  G,  Arnold  H.  Dural  arteriovenous  cavernous  aneurysms  (pulsating  exophthalmos).  Am  J 

malformation  in  the  anterior  cranial  fossa.  Clin  Neurol              Ophthalmol 1941;24:365–85.

Neurosurg 1999;101(1):37–43.                               166.   Sugar  HS,  Meyer  SJ.  Pulsating  exophthalmos.  Arch 

144.  Lawton  MT,  Chun  J, Wilson  CB,  Halbach VV.  Ethmoidal             Ophthalmol 1940;64:1288–321.

dural arteriovenous fistulae: an assessment of surgical and  167.  Kapur A, Sanghavi NG, Parikh NK, Amin SK. Spontaneous 

endovascular management. Neurosurgery 1999;45(4):805– carotid-cavernous  fistula  with  ophthalmoplegia  and  facial 

10; discussion 10–1.                                                  palsy. Postgrad Med J 1982;58(686):773–5.

145.  Lefkowitz M, Giannotta SL, Hieshima G, et al. Embolization  168.  Vattoth  S,  Cherian  J,  Pandey  T.  Magnetic  resonance  angi-

of  neurosurgical  lesions  involving  the  ophthalmic  artery.  ographic  demonstration  of  carotid-cavernous  fistula  using 

Neurosurgery 1998;43(6):1298–303. elliptical centric time resolved imaging of contrast kinetics 

146.  Newton  TH,  Cronqvist  S.  Involvement  of  dural  arteries  (EC-TRICKS). Magn Reson Imaging 2007;25(8):1227–31.

in  intracranial  arteriovenous  malformations.  Radiology  169.  Mehringer CM, Hieshima GB, Grinnell VS, Tsai F, Pribram 

1969;93(5):1071–8. HF. Improved localization of carotid cavernous fistula dur-

147.  Martin  NA,  King  WA,  Wilson  CB,  Nutik  S,  Carter  LP,  ing angiography. Am J Neuroradiol 1982;3(1):82–4.

Spetzler  RF.  Management  of  dural  arteriovenous  mal- 170.  Huber P. A technical contribution of the exact angiographic 

formations  of  the  anterior  cranial  fossa.  J  Neurosurg  localization  of  carotid  cavernous  fistulas.  Neuroradiology 

1990;72(5):692–7.                                                 1976;10(5):239–41.

148.  Tiyaworabun  S,  Vonofakos  D,  Lorenz  R.  Intracerebral  171.  Goto  K,  Hieshima  GB,  Higashida  RT,  et  al.  Treatment  of 

arteriovenous malformation fed by both ethmoidal arteries.  direct carotid cavernous sinus fistulae. Various therapeutic 

Surg Neurol 1986;26(4):375–82. approaches  and  results  in  148  cases.  Acta  Radiol  Suppl 

149.  Abrahams JM, Bagley LJ, Flamm ES, Hurst RW, Sinson GP.            1986;369:576–9.

Alternative management considerations for ethmoidal dural  172.  Luo CB, Teng MMH, Chang FC, Chang CY. Transarterial 

arteriovenous fistulas. Surg Neurol 2002;58(6):410–6. balloon-assisted  n-butyl-2-cyanoacrylate  embolization 

150.  Halbach  VV,  Higashida  RT,  Hieshima  GB,  Wilson  CB,  of  direct  carotid  cavernous  fistulas.  Am  J  Neuroradiol 

Barnwell  SL,  Dowd  CF.  Dural  arteriovenous  fistulas  sup-             2006;27(7):1535–40.

plied  by  ethmoidal  arteries.  Neurosurgery  1990;26(5): 173.  van Rooij WJ, Sluzewski M, Beute GN. Ruptured cavern-

816–23. ous  sinus  aneurysms  causing  carotid  cavernous  fistula: 

151.  Im  S-H,  Oh  CW,  Han  DH.  Surgical  management  of  incidence,  clinical  presentation,  treatment,  and  outcome. 

an  unruptured  dural  arteriovenous  fistula  of  the  anterior              Am J Neuroradiol 2006;27(1):185–9.

 

DURAL ARTERIOVENOUS FISTULAS                                                               15.6. References                 559 174.  Nesbit  GM,  Barnwell  SL.  The  use  of  electrolytically  stents: midterm results in seven patients. Am J Neuroradiol 

detachable coils in treating high-flow arteriovenous fistulas.              2007;28(9):1762–8. Am J Neuroradiol 1998;19(8):1565–9. 181.  Beighton  P,  De  Paepe  A,  Steinmann  B,  Tsipouras  P, 

175.  Jansen O, Dorfler A, Forsting M, et al. Endovascular ther- Wenstrup RJ. Ehlers-Danlos syndromes: revised nosology, 

apy  of  arteriovenous  fistulae  with  electrolytically  detach- Villefranche,  1997.  Ehlers-Danlos  National  Foundation 

able coils. Neuroradiology 1999;41(12):951–7. (USA) and Ehlers-Danlos Support Group (UK). Am J Med 

176.  Debrun GM, Ausman JI, Charbel FT, Aletich VA. Access to            Genet 1998;77(1):31–7.

the cavernous sinus through the vertebral artery: technical  182.  Pepin M, Schwarze U, Superti-Furga A, Byers PH. Clinical 

case  report.  Neurosurgery  1995;37(1):144–6;  discussion  and  genetic  features  of  Ehlers-Danlos  syndrome  type  IV, 

6–7. the vascular type. N Engl J Med 2000;342(10):673–80.

177.   Moron  FE,  Klucznik  RP,  Mawad  ME,  Strother  CM.      183.  Mitsuhashi T, Miyajima M, Saitoh R, Nakao Y, Hishii M, 

Endovascular  treatment  of  high-flow  carotid  cavernous  Arai H. Spontaneous carotid-cavernous fistula in a patient 

fistulas by stent-assisted coil placement. Am J Neuroradiol  with Ehlers-Danlos syndrome type IV – case report. Neurol 

2005;26(6):1399–404.                                             Med Chir (Tokyo) 2004;44(10):548–53.

178.  Kocer  N,  Kizilkilic  O,  Albayram  S,  Adaletli  I,  Kantarci  184.  Halbach  VV,  Higashida  RT,  Dowd  CF,  Barnwell  SL, 

F,  Islak  C.  Treatment  of  iatrogenic  internal  carotid  artery  Hieshima  GB.  Treatment  of  carotid-cavernous  fistulas 

laceration  and  carotid  cavernous  fistula  with  endovascu- associated  with  Ehlers-Danlos  syndrome.  Neurosurgery 

lar  stent-graft  placement.  Am  J  Neuroradiol  2002;23(3):             1990;26(6):1021–7. 442–6. 185.  Horowitz MB, Purdy PD, Valentine RJ, Morrill K. Remote 

179.  Archondakis E, Pero G, Valvassori L, Boccardi E, Scialfa  vascular  catastrophes  after  neurovascular  interventional 

G. Angiographic follow-up of traumatic carotid cavernous  therapy  for  type  4  Ehlers-Danlos  Syndrome.  Am  J 

fistulas treated with endovascular stent graft placement. Am             Neuroradiol 2000;21(5):974–6. J Neuroradiol 2007;28(2):342–7.                              186.   Schievink  WI,  Piepgras  DG,  Earnest  Ft,  Gordon  H. 

180.  Gomez F, Escobar W, Gomez AM, Gomez JF, Anaya CA.  Spontaneous carotid-cavernous fistulae in Ehlers-Danlos syn-

Treatment  of  carotid  cavernous  fistulas  using  covered  drome Type IV. Case report. J Neurosurg 1991;74(6):991–8.

 

560                  15.6. References                                                                          DURAL ARTERIOVENOUS FISTULAS

1 1 16 6 6. . C C Ca a av v ve e er r rn n no o ou u us s s M M Ma a al l lf f fo o or r rm m ma a at t ti i io o on n ns s s

a a a a a a a an n n n n n n nd d d d d d d d d d d V V V V V V V V V V Ve e e e e e e en n n n n n n no o o o o o o ou u u u u u u us s s s s s s s A A A A A A A A A A An n n n n n n ng g g g g g g gi i i i i i i i i i io o o o o o o om m m m m m m ma a a a a a a as s s s s s s s

 

16.1.      Cavernous malformations

 

Cavernous  malformations  (aka  cerebral  cavernous  malformations,  cavernous 

angiomas,  cavernomas,  cavernous  hemangiomas,  cryptic  vascular  malformations or  angiographically  occult  vascular  malformations)  are  distinctive  cerebrovascular abnormalities.  They  may  appear  throughout  and  around  the  central  nervous  sys-tem, including the brain, spinal cord, cranial nerves, ventricles and orbit.1,2 Overall, cavernous malformations are thought to account for some 10% of all cerebrovascular malformations. Cavernous malformations occur in two forms: sporadic and familial. In the sporadic form, the patient usually has only one lesion and there is no family history of the disorder. The familial form is characterized by multiple lesions and a family history of seizures.

 

16.1.1.     Angioma Alliance

The Angioma Alliance is a non-profit organization that has established a DNA/

Tissue  Bank  and  Patient  Registry  for  the  use  of  researchers  investigating  cer-ebral  and  spinal  cavernous  malformations: http://www.angiomaalliance.org.  Email: Biobank@AngiomaAlliance.org.

 

16.1.2.     Epidemiology and risk factors

1.  Prevalence

(a)  The  prevalence  of  cavernomas  in  the  general  population  appears  to  be 

about 0.5%

●                                                                                                 3 Large autopsy series: frequency of cavernomas was 0.5% ●                                                                                       4,5 Frequency of cavernomas on brain MRI: 0.4–0.5%

2.  Multiple in 50% of cases6

3.  Sex prevalence is equal5,7,8

4.  Risk factors

(a)  Family history (see below)

(b)  Cranial irradiation

●  Radiation  treatment  is  an  established  risk  factor  for  the  de  novo 

formation of cavernous malformations

●  A  review  of  published  reports  of  radiation-associated  cavernomas 

found 9:

–  Most  cases  are  in  children  (mean  age,  11.7  years)  although 

adult cases have been reported.

–  Majority of lesions occurred in males.

–  Mean radiation dose: 60.45 Gy.

–  Mean  latency  period  before  detection  of  the  cavernoma:  8.9 

years.

–  Most common presenting symptom was seizures.

–  Most  common  reason  for  radiation  treatment,  in  order  of 

frequency:

(a)  Medulloblastoma

(b)  Glioma

(c)  Acute lymphoblastic lymphoma
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16.1.3.     Pathophysiology

Cavernous malformations are well circumscribed, lobulated lesions, varying from 

<1 mm to 9 cm in diameter.10

1.  Cavernous malformations consist of dilated, thin-walled vascular struc-

tures (caverns) with an endothelial lining and a variable layer of fibrous 

adventitia.  Elastic  fibers  have  been  reported 11  but  are  usually  absent. Extensive  hemosiderin  deposits,  indicating  previous  hemorrhage  and 

thrombosis  may  be  present. 12  Calcification  is  present  in  11–40%  of cases.11,13

2.  Gross appearance resembles a mulberry.

3.  Ultrastructural analysis has demonstrated defects in the tight junctions 

between endothelial cells that form the blood–brain barrier, which may 

account for leakage of blood elements into the surrounding brain.14,15

4.  Cavernoma growth appears to occur by a process of cavern proliferation 

in  the  setting  of  repeated  lesional  hemorrhages  and  brittle  vascular 

morphology devoid of mature vessel wall elements. 16–18

5. Association with venous angiomas (see below for a discussion of venous 

angiomas)

(a)  Percentage of patients with a cavernoma who also have an associ-

ated venous angioma on MRI: approximately 25%. 19,20

●  MRI may underestimate the prevalence of associated venous 

angiomas.  In  a  surgical  series  of  86  patients  undergoing 

resection  of  brainstem  cavernomas,  an  associated  venous 

angioma was found in all cases.21

●  Some authors believe that all cavernomas are associated with 

a venous angioma, whether or not the venous angioma is vis-

ible on imaging or not.22

(b)  Percentage  of  patients  with  a  venous  angioma  on  MRI  who  also 

have an associated cavernous malformation: 18%.23

(c)  Direct  connections  between  venous  angiomas  and  cavernous  mal-

formations have been found.24,25

●  Abnormal  hemodynamics  within  venous  angiomas  may  lead 

to the formation of cavernous malformations.26–29

●  Local venous hypertension within a venous angioma may lead to 

a  reactive  process  called hemorrhagic  angiogenic  proliferation, contributing to the formation of a cavernous malformation. 26

–  The occurrence of de novo cavernous malformations after 

radiation  therapy  further  supports  this  hypothesis,  as 

vessel  changes  after  radiation  therapy  occur  mostly  on 

the venous side and simulate the histological findings of 

venous angiomas.29

 

16.1.4.     Familial form

1.  Definition of familial cavernous malformation: one or several lesions in at least 

two members of a family.30,31

(a)  The presence of three or more lesions is “almost pathognomonic” for the 

familial form.32

2.  Familial cases comprise 6–50% of all cavernous malformation cases.3,6,33,34

3.  Hispanic patients of Mexican descent appear to have the highest incidence of 

familial  cavernomas,  although  familial  forms  have  been  identified  in  almost 

every other ethnic group.

4.  Familial form patients are most likely to have multiple lesions and the number 

of lesions increases with age. 31,35

(a)  Multiple lesions are found in 50–84% of familial form patients.30,33,36 (b)  The number of lesions per patient depends on the MRI technique (gradi-

ent echo imaging has the greatest sensitivity, see below).

●  Mean  number  of  lesions  detected  by  gradient  echo  was  20.2  in 

symptomatic patients and 16.3 in asymptomatic subjects. 31

5.  Familial form lesions are not usually associated with a venous angioma.

6.  Some 40% of patients with the familial form remain asymptomatic despite the 

presence of multiple lesions.30

 

562                  16.1. Cavernous malformations                                       CAVERNOUS MALFORMATIONS AND VENOUS ANGIOMAS 16.1.4.1.    Genetics

1.  Three  genes  for  cerebral  cavernous  malformations  (CCM)  have  been  identi-

fied:

(a)                                 37–39 CCM1 on chromosome 7q.

●     The CCM1  gene  is  also  known  as KRIT1,  which  is  thought  to  be 

involved in arterial development.40

●     Mutation  of  the CCM1  gene  is  responsible  for  nearly  all  inher-

ited  cavernomas  among  the  Hispanic  population  of  the  United 

States.41,42

(b)                                  43 CCM2 on chromosome 7p. (c) CCM3 on chromosome 3q.43

2.  No differences in clinical presentation have been found for the three different loci. 40

 

16.1.5.     Imaging

1.  MRI

(a)  MRI  is  the  radiographic  technique  of  choice  for  the  identification  and 

follow-up,  being  more  accurate  than  both  CT  and  angiography  in  the 

detection of cavernous malformations.33

(b)  Characteristic MRI findings:

●  Both  T2  and  T1-weighted  images  typically  show  discrete  areas  of 

mixed  signal  intensity  surrounded  by  a  black  rim  of  diminished 

signal intensity (looks like popcorn). Or, when the lesion is small, a discrete “black dot.”

●     Gradient  echo  sequences  demonstrate  cavernous  malformations 

with greater sensitivity than T1 or T2 images.44–47

–  Gradient echo shows hemosiderin staining the best.

●  An associated venous angioma is present on MRI in about 25% of 

sporadic cases,19,20 but is not usually seen in familial cases.

●  Zabramski  and  colleagues  described  four  categories  of  lesions  in 

patients with the familial form based on MRI findings30:

– Type I. Subacute hemorrhage surrounded by a rim of hemosi-

derin-stained macrophages and gliotic brain.

(a)  T1: Hyperintense core.

(b)  T2:  Hyper-  or  hypointense  core  with  surrounding 

hypointense rim.

– Type  II.  Loculated  areas  of  hemorrhage  and  thrombosis  of 

varying  age,  surrounded  by  gliotic,  hemosiderin-stained 

brain. Most common finding in patients with cavernomas. 4

(a)  T1: Reticulated mixed signal core.

(b)  T2:  Reticulated  mixed  signal  core  with  surrounding 

hypointense rim.

– Type  III.  Chronic,  resolved  hemorrhage  with  hemosi-

derin  within  and  around  the  lesion.  Therefore,  findings  on 

T2-weighted  SE  sequences  are  hypointense,  with  greater 

magnification  on  T2-weighted  GE  sequences,  whereas 

T1-weighted SE sequences exhibit hypointense to isointense 

signals.

(a)  T1: Iso- or hypointense.

(b)  T2: Hypointense with a hypointense rim.

(c)  Gradient echo: Hypointense.

– Type IV. Very small lesions or “telangiectasias.”

(a)  T1: Poorly seen or not visualized at all.

(b)  T2: Poorly seen or not visualized at all.

(c)  Gradient echo: Punctate hypointense lesions.

(c)  If the diagnosis is uncertain, the presence of an associated venous angi-

oma can help confirm that the lesion is a cavernous malformation.

(d)  Other lesions may have an appearance on MRI that is similar to caverno-

mas 10:  AVMs,  calcified  neoplasms  (e.g.,  oligodendrogliomas),  infectious, inflammatory  and  granulomatous  lesions,  hemorrhagic  tumors  and 

tumors containing melanin or fat.
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2.  CT

(a)  Focal area of increased density, with or without enhancement.

(b)  Calcifications are present in 40% of cases.48

3.  Angiography

(a)  Cavernomas are usually “angio-occult,” although venous pooling may be 

seen in rare cases. 33

 

16.1.6.     Presentation and clinical features

1.  Age at presentation

(a)  Most patients present in the third and fifth decades of life. 4,13,30,49 (b)  Mean age at presentation in one series was 37.6 years.4 (c)  Some 25% of patients are <18 years of age. 8,50

●  Age at presentation for pediatric patients has a bimodal pattern with 

peaks at 3 and 11 years of age. 51

2.  The most common presenting symptom of cavernous malformations is seizures, 

occurring in up to 55% of patients.4,5,11,33,34,52

3.  Focal  neurological  deficits  are  present  in  12–45%  of  patients  at  presenta-

tion.4,5,33,52,53

4.  Headache may be the only “manifestation” of the lesion in some 25% of patients 

diagnosed  with  a  cavernoma.52  A  history  of  chronic  headaches  is  present  in 3–52% of patients.4,5,30,31,52

5.  The clinical manifestations of cavernomas are similar in both the sporadic and 

familial forms.46

6.  Pregnancy and cavernomas.

(a)  An increase in cavernoma size occurs during pregnancy.7,54,55 (b)  Anecdotal  evidence  suggests  that  pregnancy  is  associated  with  the  de 

novo appearance of new lesions,5,56,57 and may increase the risk of hemor-rhage from cavernomas. 5,44,54,56,58,59

(c)  Hormonal  stimulation  has  been  hypothesized  to  have  a  role  in  caver-

noma growth and hemorrhage.5,21,54,56,58

(d)  Resection of asymptomatic lesions may be a reasonable option in patients 

anticipating pregnancy.

 

16.1.7.     Natural history

1.  Cavernomas  are  dynamic  lesions  and  may  demonstrate  spontaneous  enlarge-

ment, regression and de novo formation.60

(a)  In a prospective MRI volumetric study of patients with cavernous mal-

formations, over a 24-month period, 43% of lesions increased in volume, 

35% decreased in volume and 22% remained stable.60

(b)  Another prospective study found that the average lesion size decreased 

by 9.1 mm over mean follow-up period of 16.2 months. 61

2.  Annual symptomatic hemorrhage risk may depend on whether the patient has 

a previous history of symptomatic hemorrhage;

(a)  Annual  risk  of  hemorrhage without  a  prior  symptomatic  hemorrhage: 

~ 0.5%.4,5,58,62

(b)  Annual  risk  of  hemorrhage with  a  prior  symptomatic  hemorrhage: 

~ 4.5%. 44,62

●  A retrospective Japanese series found an annual hemorrhage rate 

for patients with a prior hemorrhage of 22.9%. 58

(c)  However, another prospective natural history study for an annual hemor-

rhage rate of 3.1%, with no difference between patients with or without a 

previous symptomatic hemorrhage

3.  Symptomatic hemorrhage

(a)  Risk factors for symptomatic hemorrhage:

●                                         62 Previous hemorrhage. ●     Female sex.

5,34,58

●                                                        19,20 An associated venous angioma.

(b)  Lesion  location  does  not  appear  to  affect  the  risk  of  symptomatic 

 hemorrhage. 62
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16.1.8.1.    Asymptomatic cavernous malformations

Asymptomatic lesions are frequently discovered as incidental findings on imag-

ing  or  in  association  with  another  symptomatic  lesion.  Patients  with  asymptomatic lesions, or a vague complaint such as headaches, can be reassured that the expected natural history is likely to be relatively benign and do not necessarily require treat-ment. 2  Surveillance  imaging  is  an  option.  Alternatively,  resection  of  a  surgically accessible  asymptomatic  lesion  may  be  reasonable  if  the  patient  is  a  good  surgical candidate, is relatively young, female, anticipating pregnancy, or has a family history of symptomatic cavernous malformations.10,63

16.1.8.2.    Seizures associated with a cavernous 

malformation

1.  Cerebral  cavernous  malformations  are  known  to  be  more  epileptogenic  than 

other cerebrovascular lesions, presumably because of the deposition of ferric ions 

resulting from repeated microhemorrhages within and around the lesions.64

(a)  Lesion locations at highest risk for seizures are the cerebral cortex and 

temporal, frontal and perilimbic sites.65

(b)  Cavernomas  are  nearly  twice  as  likely  to  be  associated  with  seizures 

compared  to  other  lesions,  such  as  AVMs  and  tumors,  in  similar  loca-

tions.10

2.  The annual risk of developing seizures is 0.4–1.51%.4,58

3.  The need for treatment with anticonvulsant medications is obvious in patients 

presenting  with  a  first  seizure.  Although  some  authors  recommend  medical 

therapy as the first-line treatment for patients with seizures attributable to a 

cavernoma,65 resection of a cavernoma for treatment of epilepsy can be advan-

tageous for the following reasons:

(a)  Long-term anticonvulsant therapy carries a cost in terms of side effects, 

medication expense and possible effects on neuronal plasticity.

(b)  There  is  a  hypothesis  that  resection  of  an  epileptic  lesion  before  repeated 

seizures occur and “kindling” develops, may better prevent future seizures.

(c)  Surgery  is  usually  indicated  for  patients  with  medically  refractory  sei-

zures.

4.  A complete seizure work-up, including EEG monitoring, is necessary in all patients 

anticipating resection of a cavernoma for treatment of a seizure disorder.

(a)  A  cavernoma  seen  on  imaging  is not  a  cause  of  seizures  in  some  6%  of 

patients with a cavernoma and epilepsy. 66

5.  Surgical results: About 60–80% of patients are seizure-free after lesion resec-

tion, with or without anticonvulsant medications.67,68

(a)  Seizure  outcome  after  resection  of  cavernous  malformations  is  better 

when surrounding hemosiderin-stained brain also is removed.69

(b)  Predictors  for  good  seizure  outcome  are  age  >30  years  at  the  time  of 

surgery,  mesiotemporal  lesion  localization,  cavernoma  size  <1.5 cm  and 

the absence of secondarily generalized seizures.68

(c)  Seizure control may be better if resection of epileptogenic cortex is com-

bined with resection of the underlying lesion. A systematic review com-

paring  lesionectomy  with  the  combined  procedure  found  that  at  2-year 

follow-up, patients having the combined surgery were significantly less 

likely to have persistent seizures.70

16.1.8.3.    Symptomatic hemorrhagic cavernous 

malformations

1. Definition  of  symptomatic  hemorrhagic  cavernous  malformation:  Clinical  his-

tory of apoplectic hemorrhage or neurologic symptoms attributable to a cerebral 

mass lesion, with evidence of                                        10,63 extralesional hemorrhage on imaging.

2.  Similar to the situation in patients with multiple intracranial aneurysms and 

subarachnoid hemorrhage, among patients with multiple cavernomas, the larg-

est lesion is usually symptomatic.3,30
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3.  Surgery  should  be  considered  for  patients  with  symptomatic  lesions  in  a  sur-

gically  accessible  location  who  are  acceptable  candidates  for  cranial  surgery. 

Patients who present with a hemorrhagic lesion are at increased risk of subse-

quent rehemorrhage.62

4.  Surgical considerations.

(a)  Frameless stereotactic guidance and intraoperative cortical mapping, if 

eloquent cortex is involved, can be helpful.

(b)  Intraoperative ultrasound can also help localize a cavernoma.

(c)  Any associated venous angioma should be spared.21,25,28,71

16.1.8.4.    Brainstem cavernous malformations

1.  About 20% of intracranial cavernomas are located in the brainstem,34 and are 

most commonly found in the pons, followed in frequency by the midbrain and 

the medulla.5,66,72

2.  Selection of surgical candidates. Surgery should be considered for patients that 

meet at least one of the following criteria21: (1) lesion anatomy is favorable for resection; (2) repeated hemorrhages have occurred; and/or (3) significant mass 

effect is produced by the hemorrhage.

(a) Favorable  anatomy.  Surgical  resection  is  appropriate  only  for  cases  in 

which  the  cavernoma,  or  the  cavernoma-associated  hemorrhage,  has 

reached the surface of the brainstem. Disruption of even 1 mm of normal 

brainstem tissue can cause significant morbidity.

●  T1-weighted imaging provides the most accurate indication of the 

relationship between the cavernoma and the surface of the brain-

stem.  T2-weighted  imaging  may  provide  an  incorrect  measure  of 

the proximity of the lesion to the pial surface due to the ferromag-

netic properties of the hemosiderin ring.73,74

●  3D-constructive  interference  in  steady-state  (CISS)  MRI  is  use-

ful  in  demonstrating  the  thickness  of  the  parenchymal  layer  over 

brainstem cavernomas and in clarifying spatial relationships of the 

lesion to nuclei, tracts, cranial nerves and vessels. 75

●  Conservative  management  is  recommended  for  cavernomas  or 

hematomas that do not reach the pial surface. 21,73

(b) Repeated versus single hemorrhage. Traditionally, surgery on brainstem 

cavernomas  has  been  recommended  for  patients  having  had  at  least 

two  symptomatic  hemorrhages.  Some  recent  reports,  however,  have 

advocated  surgery  after  only  one  hemorrhage,  if  the  anatomy  is  favo-

rable.73,76,77  Another  recent  report  did  not  find  a  relationship  between timing  of  surgery  or  number  of  previous  hemorrhages  and  long-term 

results.78

3.  Surgical considerations.

(a) Timing of surgery.

●     Surgery ≥3–5  days  after  the  hemorrhage  helps  to  insure  that  the 

clot will be liquefied.22

●  Some authors recommend relatively early surgery (e.g., <1 month) 

after  hemorrhage,  attributing  better  outcomes  with  early  surgery 

to  the  advantages  of  operating  within  a  clot  cavity  and  without 

reactive gliosis.73,76,77

(b)  Frameless  stereotactic  guidance  and  intraoperative  monitoring  can  be 

helpful.

(c)  The  optimal  surgical  approach  can  be  planned  in  MRI  images  using 

the “two-point method.”79 One point is placed in the center of the lesion and the second is placed where the lesion most closely reaches the pial 

surface. A surgical trajectory is then mapped along a straight line con-

necting the two points.

(d)  Although exophytic lesions are readily apparent during surgery, intrinsic 

lesions can be identified by hemosiderin staining or a bulge on the sur-

face of the brainstem.

(e)  Great  care  must  be  taken  to  preserve  any  associated  venous  angioma 

that may be encountered.21

(f)  Postoperative care.

●  The patient may be left intubated for 24 h after surgery and extu-

bated only after adequate cough and gag reflexes are identified. 22
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–  Tracheostomy and feeding-tube placement may be necessary 

and  may  be  removed  as  the  patient  recovers  lower  cranial 

nerve function.

●  An early postoperative MRI (<48 h) can assess for residual lesion. 

Imaging-incomplete  resection is associated  with recurrent hemor-

rhage. 80

4.  Outcomes

(a)  A  series  of  86  surgically  treated  patients  with  brainstem  cavernomas 

found21:

●  Complications. The rate of temporary and/or permanent morbidity 

was 35%; permanent or severe deficits occurred in 12%. Mortality 

was 8%. A total of 33% had one or more new cranial nerve deficits.

●  Long-term  outcome.  At  a  mean  follow-up  of  35  months,  87%  of 

patients reported that they were better or the same as before sur-

gery. The average GOS score was 4.53.

16.1.8.5.  Radiosurgery for cavernous malformations

Inspired by the success of radiosurgery in the treatment of brain AVMs, radiosur-

gery has been used for the treatment of cavernomas at several centers. A number of single-center series have been published.81–96 Some reports have shown disappointing results with radiosurgery for cavernomas, particularly when compared to the natural history  (with  respect  to  hemorrhage)76,93  or  surgery  (for  patients  with  seizures).81 Furthermore,  some  evidence  indicates  that  complications  after  radiosurgery  of some  lesions,  particularly  brainstem  cavernomas,  are  more  significant  compared  to AVMs. 93,97,98 One author who had advocated radiosurgery for brainstem cavernomas in the past later reversed his position, based on long-term complication rates.99 In addi-tion, a pathological analysis of cavernomas after radiosurgery did not find histological evidence  of  vessel  occlusion.100  Radiosurgery  for  cavernomas  remains  controversial, and requires further investigation before it becomes an established technique.

 

16.2.      Venous angiomas

 

Venous angiomas (aka venous malformations, venous anomalies, developmental 

venous anomalies, medullary venous malformations or caput medusae) are a normal variant of intraparenchymal medullary veins, being larger and more visible on imag-ing than most medullary veins 

(Fig.  16.1).  They  are  usually found  in  white  matter  and 

[image: ]

are associated with cavernous 

malformations.101  They  are characterized histologically by 

a complex of sometimes thick-

ened and hyalinized veins with 

interspersed  normal  neural 

parenchyma.102

The most important thing 

to  know  about  venous  angi-

omas  is  that  they  are  usually 

incidental  findings  on  imag-

ing  and  with  rare  exception 

are  completely  benign.  When 

associated  with  a  cavernous 

malformation,  they  may  be 

erroneously  identified  as  the 

source  of  symptoms.28  They may  also  be  confused  with      Fig. 16.1 Frontal lobe venous angioma in a sagittal CT AVMs  and  other  aggressive  angiogram reconstruction. It has the typical stellate network 

lesions by the uninitiated. The  of veins converging on a single large collecting vein.
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1.  Prevalence

(a)  Venous angiomas are found in some 2.6% of autopsies. 53,103 (b)  A review of 7,266 brain MRIs found a frequency of venous angiomas of 

0.7%.23

2.  Etiology

(a)  Venous angiomas are thought to be congenital and result from a failure 

of normal embryogenesis.104

3.  Imaging

(a)  Typical appearance on MRI and CTA: radial pattern, the so-called caput 

medusa                                     105 , which converges on an enlarged central trunk.

(b)  Seen only during the venous phase on angiography.

(c)  About two thirds are in a supratentorial location and one third are in the 

cerebellum and brainstem.23

4.  Natural history and presentation

(a)  A prospective study with 298 patient-years of observation found a symp-

tomatic hemorrhage rate of 0.34% per year.106

(b)  Often found in close proximity to a cavernous malformation.

●  Of all patients found to have a venous angioma on MRI, 18% had 

an associated cavernous malformation.23

–  In every  case  in  which  there  was  a  hemorrhage  associated 

with the venous angioma, a cavernoma was present.23

(c)  Rarely,  spontaneous  thrombosis  of  a  very  large  venous  angioma  may 

cause venous infarction or hemorrhage.

5.  Management

(a)  Most venous angiomas are incidental findings and do not require treat-

ment or follow-up imaging.

(b)  During surgery for evacuation of a hemorrhage or resection of a cavern-

ous  malformation,  it  is  critical  to  preserve  the  associated  venous  angi-

oma, particularly in the brainstem.

(c)  Removal of a venous angioma may cause a venous infarction.
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This chapter will discuss acute ischemic stroke: mechanisms, risk factors, clinical 

presentation, diagnostic evaluation, and treatment other than thrombolysis, which is discussed in Chap. 9.

 

17.1.      Acute ischemic stroke: Burden 

of disease

 

In the United States, approximately 700,000 people suffer a stroke annually, and 

the vast majority of strokes are ischemic in nature. Over 150,000 people with stroke die  each  year;  only  cardiac  disease  and  cancer  result  in  more  deaths  than  stroke. Stroke leaves survivors with disabilities which have both personal and societal impli-cations: 20–30% will need assistance with activities of daily living or walking, and the majority will be unable to return to work.1

 

17.2.  Acute ischemic stroke: Terminology 

and differential diagnosis of acute 

onset focal neurologic dysfunction

 

17.2.1.     Terminology

1.  Stroke.

(a)  Focal (or, less frequently, global) neurologic dysfunction of any cause. (b)  Most frequent colloquial use signifies cerebral ischemia and/or hemorrhage.

(c)  Most common use in clinical studies signifies cerebral ischemia, cerebral 

hemorrhage, and/or subarachnoid hemorrhage.

(d)  Sometimes used colloquially to mean cerebral infarct.

2.  Acute stroke.

(a) Apoplectic  onset  of  focal  (or,  less  frequently,  global)  neurologic  dysfunc-

tion of any cause.

(b)  Sometimes  used  synonymously  with  “acute  ischemic  stroke,”  imply-

ing  that  the  underlying  cause  of  acute  focal  neurologic  dysfunction  is 

ischemic.

3.  Acute ischemic stroke.

(a)  Acute, apoplectic onset of focal neurologic dysfunction of ischemic cause, 

i.e.,  acute  cerebral  ischemia  due  to  arterial  blockage  or  narrowing  and 

cessation or diminution of blood flow to an area of brain.

4.  Cerebral infarct.

(a)  A localized area of dead tissue, as a consequence of having been deprived 

of its blood supply.

(b)  The  term  is  usually  used  in  reference  to  a  pathologic  specimen  or 

radiologic  imaging,  where  particular  features  suggest  tissue  death  due 

to ischemia.

5.  Vasculopathy.

(a)  Generic term for disease of blood vessels, regardless of etiology.

●      If the etiology is inflammatory, the term vasculitis is used.

(b)  Classification by blood vessel size (diameter).

●      Large vessel vasculopathy.
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–  Also  referred  to  as arteriopathy  if  the  arteries  or  arterioles 

are predominantly affected.

–  If the etiology is inflammatory, the term arteritis may be used.

●      Small vessel vasculopathy.

–  Also referred to as angiopathy or microangiopathy. –  When referring to cerebral vasculature, terms including pen-

etrating vessel disease, lacunar disease, small vessel disease, or white matter disease are also used.

–  If the etiology is inflammatory, the term angiitis is used.

 

17.2.2.  Differential diagnosis of acute onset focal 

neurologic dysfunction

Most  patients  presenting  with  acute 

[image: ]

stroke symptoms will be found to have cerebral 

ischemia or hemorrhage; however, in one study, 

of  350  presentations  with  stroke  symptoms, 

31% were attributable to               2 stroke  mimics .

1.  Acute cerebral ischemia.

(a)  Most  common  etiology  of  focal 

neurologic  dysfunction,  espe-

cially  in  patients  with  ischemic 

stroke risk factors.

(b)  Approximately  60–70%  of  all 

causes  of  acute  focal  neurologic 

dysfunction.

(c)  Whether  cerebral ischemia  will 

result  in infarction  depends  on the  severity  and  duration  of 

ischemia;  the  longer  and  more 

severe,  the  more  likely  an  inf-

arct will ensue.

2.  Intracranial hemorrhage

(a)  Approximately  10–15%  of  all 

causes  of  acute  focal  neurologic 

dysfunction.                        Fig. 17.1 Isodense chronic subdural 

(b)  Usually  readily  ruled  out  with  hematoma. There is a chronic SDH 

noncontrast head CT.                 in the right frontal region and a 

●      Isodense  subdural  hemor-      smaller one in the left frontal area. 

rhages  may  be  difficult,  They blend in with the adjacent brain 

but  critical,  to  diagnose;  and are somewhat hard to see. The 

administering IV tPA could  clinical presentation of a patient with 

have  fatal  consequences  a chronic SDH may mimic an acute 

(Fig. 17.1).                                      ischemic stroke.

3.  Stroke mimics.

(a)  It is important to efficiently rule 

out mimics when evaluating patients with acute focal neurologic deficit 

who present within the thrombolysis time window; noncontrast head CT 

and the pattern of deficit on neurologic examination are helpful in rul-

ing in a vascular cause (see Acute Ischemic Stroke: Clinical Presentation 

and Patient Evaluation sections).

(b)  Frequency of stroke mimics.

Frequency of stroke mimics in acute presentations2

Conditions mimicking acute stroke        Frequency (%)

Sepsis or metabolic derangement          23.8

Seizure or Todd’s paralysisa                 21.1 Syncope and presyncope                 9.2 Cerebral mass lesion                      9.2

(continued)
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Vestibular dysfunction                      6.4 Confusional state                          6.4 Mononeuropathy                      5.5 Functional (medically unexplained)         5.5 Dementia                              3.7 Migraine                                 2.8 Spinal cord pathology                      2.8 Other                                   3.6

aTransient postictal paralysis, usually resolving within 48 h

 

(c)   Selected conditions mimicking acute strokes.

●      Sepsis and metabolic derangement.

– Sepsis.  Unlikely  to  present  with  lateralizing  signs  unless  in 

the  setting  of anamnestic  symptoms  (recurrent  symptoms related to a chronic brain injury) or concomitant intracranial 

or  extracranial  artery  stenosis  resulting  in  focal  hypoper-

fusion in the setting of hypotension.

– Blood glucose abnormalities. Hypoglycemia (or, rarely, hyper-

glycemia)  can  present  with  global  neurologic  dysfunction 

including  altered  mental  status  and/or  coma,  as  well  as 

focal  neurologic  signs  and  symptoms  including  hemiplegia 

(                                                                   3 hypoglycemic hemiplegia ) and/or aphasia; symptoms resolve quickly  with  the  administration  of  dextrose;  failure  to  make 

this diagnosis may lead to permanent neurologic injury.

●      Seizure and/or postictal paralysis.

–  Less likely to account for focal symptoms if still present more 

than 6 h from symptom onset.2

–  Seizures may occur as a result of acute cerebral ischemia or 

hemorrhage:  In  one  study,  8.6%  of  patients  with  ischemic 

stroke experienced first-ever seizures, and 40% of poststroke 

seizures occurred within 24 h of ictus 4; in another study, 7.7% of patients presenting with acute focal neurologic dysfunction 

had  seizure  activity  at  the  time  of  onset  and,  of  those,  55% 

were found to have cerebral ischemia.

–  Emergent CT perfusion and angiography, 5 MR perfusion and 

angiography,6  carotid  and  transcranial  Doppler  ultrasound, or  conventional  angiography  may  be  used  to  rule  in  acute 

cerebrovascular  cause  and  clarify  the  diagnosis  in  patients 

with acute focal neurologic deficit and seizures at onset.

–  The  so-called limb-shaking  transient  ischemic  attacks  may 

be especially difficult to clinically differentiate from seizures 

(see “Acute Ischemic Stroke: Clinical Presentation” section).

●      Syncope and presyncope.

–  Unlikely to present with true lateralizing signs, unless there 

is  concomitant  intracranial  or  extracranial  artery  stenosis 

resulting in focal hypoperfusion in the setting of hypotension.

–  Common  reason  for  referrals  to  vascular  neurologists, 

despite the fact that cerebrovascular disease is a rare etiol-

ogy of true syncope, defined as transient, self-limited loss of consciousness 7.

–  In  the  rare  cases  where  the  cause  of  syncope  is  cerebrov-

ascular,  vertebrobasilar  insufficiency  or  subclavian  steal  is 

usually involved.

●   Intracranial space occupying lesion (tumor, abscess, arteriovenous 

malformation, etc.).

–  May be asymptomatic until reaches a large size, or results in 

hemorrhage, edema, or seizure.

–  Usually readily identified with noncontrast head CT.

●      Migraine.

–  The  relationship  of  migraines  and  cerebral  ischemia  is 

complex:  migraines  (complicated  migraines)  may  mimic 
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acute  ischemic  stroke;  migraines  are  a  risk  factor  for  cer-

ebral  ischemia  (see  “Migraine  in  Acute  Ischemic  Stroke: 

Conventional  Risk  Factors,  Predisposing  Conditions,  and 

Risk Factor Modification” section); and headache can occur in 

the setting of cerebral ischemia: 32% of patients with cerebral 

ischemia complained of headache.8

●   Psychiatric  disease  (aka  functional,  medically  unexplained, 

 presentation).

–  Diagnosis of exclusion.

–  Pattern of deficit may be suspicious for non organic etiology, 

i.e., exam does not readily suggest a cerebral vascular distri-

bution.

–  The etiology may be conversion disorder or malingering.

●      Spinal cord pathology.

–  Pattern  of  weakness  and  sensory  deficit  may  suggest  spinal 

cord localization.

●      Cerebral sinus or venous thrombosis.

–  Risk factors include infection, dehydration, oral contraceptive 

use, coagulopathy, or pregnancy/puerperium.

–  Usually readily identified with noncontrast head CT.

–  Focal neurologic dysfunction is usually due to cerebral edema, 

hemorrhage, or seizure.

●      Anamnestic syndrome.

–  Recurrence  of  focal  neurologic  deficit  similar  to  that  seen 

with prior cerebral injury, in the setting of current systemic 

derangement,  i.e.,  infection  or  metabolic  derangement,  usu-

ally  in  an  elderly  patient.  Not  to  be  confused  with amnesia, which is loss of memory.

–  Diagnosis of exclusion in patients with previous brain injury.

 

17.3.  Acute ischemic stroke: Mechanisms

 

Three  basic  mechanisms  can  result  in  cessation  or  diminution  of  flow  to 

regions  of  brain:  embolism  from  a  proximal  source  with  occlusion  of  the  down-stream  artery;  local  occlusion,  usually  due  to  in  situ  thrombosis,  of  a  proximal  or distal  artery;  or  global  hypoperfusion.  The  majority  of  ischemic  strokes  are  split between  embolic  (with  25%  cardioembolic)  and  local  occlusion,  with  global  hypop-erfusion accounting for the minority. In large vessel disease, all three mechanisms may be involved, e.g., a carotid artery severely stenotic (because of a large athero-sclerotic  plaque)  may  cause  distal  ischemia  from  plaque  emboli  and/or  worsening stenosis  with  distal  hypoperfusion  due  to  acute  plaque  rupture  and  thrombosis, which may be exacerbated by low cardiac output or relative systemic hypotension. Sometimes  one  mechanism  may  predominate  at  different  times  in  the  evolution of  cerebrovascular  pathology.  Detailed  discussion  of  risk  factors  and  conditions associated  with  ischemic  stroke  follows  in  the  subsequent  section;  some  examples of  specific  conditions  discussed  in  the  subsequent  section  are  listed  within  each mechanistic category later.

1.  Embolism.

(a)  Artery-to-artery embolism.

●   Extracranial  and  intracranial  large  vessel  vasculopathy  of  any 

cause.

–  Atherosclerotic (most common).

–  Nonatherosclerotic.

(a)  Dissection or fibromuscular dysplasia.

(b)  Dolichoectasia.

(c)  Vasculitis/arteritis.

(d)  Moya-moya disease/syndrome.

(e)  Vasospasm/vasoconstriction.

●      Aortic arch abnormality of any cause.

–  Atherosclerotic atheroma.

–  Dissection/aneurysm.

–  Connective tissue disease or infection.
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(b)  Cardioembolism.

●      Arrhythmia

–  Atrial fibrillation (most common)

●      Valvulopathy

–  Rheumatic heart disease

–  Prosthetic heart valves

–  Endocarditis

(a)  Infectious

(b)  Nonbacterial thrombotic

–  Mitral valve prolapse

●      Cardiomyopathy, dilated ●      Acute MI and ventricular thrombus. ●      Paradoxical embolism

–  Patent foramen ovale

–  Pulmonary AVM

●     Intracardiac lesions

–  Tumors, e.g., atrial myxoma

2.  Local occlusion

(a  Small vessel vasculopathy of any cause.

●   Related  to  multiple  risk  factors:  hypertension,  hyperlipidemia, 

diabetes mellitus, cigarette smoking, etc. (most common)

●   Cerebral  autosomal  dominant  arteriopathy  with  subcortical  inf-

arcts and leukoencephalopathy (CADASIL)

●      Cerebral angiitis ●      Cerebral amyloid angiopathy

(b)  Abnormalities of coagulation.

●      Malignancy ●      Hormonal

–  Pregnancy and puerperium

–  Oral contraceptives

–  Hormone replacement

●      Genetic coagulopathies ●      Antiphospholipid antibody syndrome

(c)  Abnormalities of platelet function.

●      Heparin-induced thrombocytopenia ●      Thrombotic thrombocytopenic purpura

(d)  Hyperviscosity.

●      Sickle cell disease ●      Hyperfibrinogenemia ●      Polycythemia vera

3.  Hypoperfusion

(a)  Systemic hypotension of any cause.

(b)  Heart failure/low cardiac output.

(c)  Cardiac arrhythmia or arrest.

 

17.4.  Acute ischemic stroke: Conventional 

risk factors, predisposing conditions, 

and risk factor modification

 

The approach to the patient with cerebral ischemia starts with the understand-

ing of the patient milieu: the constellation of ischemic stroke risk factors, some modifi-able and some not, which, alone and in combination, confer specific ischemic stroke risk.  The  main  pathophysiologic  theme  underlying  the  conventional  risk  factors  is endothelial injury leading to (1) atherosclerosis (discussed in Chap. 18) which mani-fests  as  large  artery  disease  (extracranial  and  intracranial),  (2)  cerebral microan-giopathy which manifests as lacunar infarcts and perivascular white matter disease, and (3) coronary artery disease which leads to abnormalities of cardiac function and rhythm.  These  disease  processes  predispose  to  cerebral  ischemia  due  to  embolism, local occlusion, and/or hypoperfusion.
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Conventional ischemic stroke risk factors

Age

Gender

Ethnicity/heredity/genetics

Hypertension

Diabetes mellitus

Hyperlipidemia

Cigarette smoking

Cardiac diseasea

Atrial fibrillation

Cervical carotid stenosis

Intracranial stenosis

aIncludes cardiomyopathy, myocardial infarction with intraventricular thrombus, intracardiac lesions (tumors), 

valvular diseases, etc

 

In  up  to  40%  of  patients,  despite  etiologic  investigation,  the  specific  cause  of 

ischemic stroke is not identified. It is likely that, with time and further research, addi-tional risk factors and predisposing conditions for ischemic stroke will be recognized, accounting for some of these so-called cryptogenic strokes. Conventional risk factors, constellations  of  risk  factors,  as  well  as  other  conditions,  either  currently  emerging as ischemic stroke risk factors or known, albeit uncommon, risk factors are discussed later in alphabetical order.

 

17.4.1.  Acute myocardial infarction (MI) with left 

ventricular (IV) thrombus

1.  Ischemic stroke risk in MI with LV thrombus

(a)  Up to 12% in patients with MI and LV thrombus, but can be as high as 

20% if thrombus is apical 9.

2.  Management of stroke risk in MI with LV thrombus

(a)  Primary prevention of ischemic stroke.

–  Warfarin  sodium  with  INR  goal  of  2.0–3.0  for  3  months  to  1  year 

may be considered10

(b)  Secondary prevention of ischemic stroke9.

–  Warfarin sodium with INR goal of 2.0–3.0 for 3 months to 1 year

–  Concomitant low-dose aspirin should be used in the setting of coro-

nary artery disease.

 

17.4.2.     Age

Age is the strongest risk factor for ischemic stroke. Incidence of cerebral ischemia 

increases with age irrespective of ethnicity and gender: incidence doubles with each decade after age 55. 11

 

17.4.3.     Alcohol consumption

There  is  a  protective  effect  of  consumption  of  small  amounts  of  alcohol,  and  a 

deleterious  effect  of  consumption  of  >5  drinks  per  day,  on  ischemic  stroke  risk  in primary10                                                9 and secondary stroke prevention.

1.  Potential mechanisms of deleterious effect of alcohol: 

(a)  Hypertension, coagulopathy, and cardiac arrhythmias.
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2.  Potential mechanisms of beneficial effect of alcohol:

(a)  Increase in HDL/LDL ratio and decreased platelet aggregation.

2006 AHA Recommendation 10

Patients with ischemic stroke or TIA who consume alcohol should eliminate 

alcohol consumption or decrease it to no more than 1–2 drinks per day.

 

17.4.4.     Aortic arch atheroma

Aortic arch atheromas are found most frequently using transesophageal echocar-

diography in elderly patients with atherosclerotic disease at other sites.

1.  Ischemic stroke risk with aortic arch atheroma

(a)  Plaques ≥4-mm  thick.  Up  to  11%  recurrence  at  1  year  in  some  elderly 

patients with cryptogenic stroke, despite antiplatelet therapy. 12

2.  Mechanism of ischemic stroke with aortic arch atheroma: thromboembolism

3.  Management of ischemic stroke risk with aortic arch atheroma

(a)  Best therapy is unknown

●   Antiplatelet  therapy,  antihypertensive  drugs,  smoking  cessation 

aids,  as  well  as  HMG  CoA  reductase  inhibitors  (statins)  are  rou-

tinely prescribed.13

(b)  Systemic  anticoagulation  or  dual  antiplatelet  therapy,  most  commonly 

with  aspirin  and  clopidogrel,  has  been  advocated  for  specific  patients 

(e.g., plaque with a mobile component or free-floating thrombus).14, 15

●   Randomized therapeutic trials comparing antiplatelet drugs to war-

farin are lacking

●   Benefit of dual antiplatelet therapy is offset by risk of hemorrhage 

(MATCH study).16

(c)  Routine  aortic  atherectomy,  aortic  filters,  or  stenting  are  not  currently 

recommended.13

 

17.4.5.     Arrhythmia

The most common and best-studied arrhythmia predisposing to ischemic stroke 

through  a  thromboembolic  mechanism  is  atrial  fibrillation  (see  “Atrial  Fibrillation” section).  Other  abnormalities  of  cardiac  rhythm  including  sick  sinus  syndrome  or tachycardiabradycardia  syndrome  may  be  associated  with  increased  risk  ischemic stroke.17 Ischemic stroke prevention in paroxysmal atrial fibrillation and atrial flutter should be approached in the same manner as persistent atrial fibrillation.18, 19

 

17.4.6.     Atherosclerosis, arterial

Atherosclerotic disease can affect both extracranial and intracranial vasculature 

and is fully discussed in Chaps. 18 and 19, respectively.

 

17.4.7.     Atrial fibrillation (AF)

AF is the most common arrhythmia. Thromboembolism may occur as a result of 

clot formation primarily within the left atrium and left atrial appendage.

1.  Predisposing factors for AF20

(a)  Heart disease: cardiac ischemia, valvular heart disease, myocardial dys-

function

(b)  Medical  conditions:  thyrotoxicosis,  pulmonary  embolism,  sleep  apnea, 

obesity, neurologic emergencies

(c)  Idiopathic, aka lone AF

(d)  Familial

(e)  Perioperative

(f)  Associated with caffeine or alcohol use
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2.  Prevalence of AF

(a)  Increases with age 21

●      Age ≥65. Five percent of the population ●      Age ≥80. Ten percent of the population

(b)  Causes 15% of ischemic strokes in the US

●      If age ≥80. Twenty-four percent of ischemic strokes

3.  Ischemic stroke risk in AF

(a)  Nonrheumatic AF,                                        22 not treated with antithrombotic therapy

●   Approximate average risk. 5% per year (primary prevention), 12% 

per year (secondary prevention) 23

●      Stratification based on patient characteristics: CHADS Score

2

 

CHADS Score for Ischemic Stroke Risk Stratification in 2 22 Atrial Fibrillation

Prognostic factor in atrial fibrillation                   CHADS Score, points 2

C    Recent congestive heart failure                        1 H    Hypertension                                    1 A    Age ≥75                                   1 D    Diabetes mellitus                                   1

S    Previous stroke or transient ischemic attack            2 2

 

Ischemic stroke in atrial fibrillation 

without antithrombotic therapy 

CHADS score        (rate per 100 person-years) 2

0                      1.9

1                      2.8 2                      4.0 3                      5.9 4                      8.5 5                      12.5 6                      18.2

4.  Management of AF

(a)  Prevention of thromboembolism in persistent or paroxysmal AF

●   Risk  reduction  and  complication  rates  with  antithrombotic 

 therapy19, 23, 24

Risk reduction and complication rates with antithrombotic therapy in atrial 

fibrillation

Rate (ARR and RRR compared to         Aspirin (25–1,300 mg     Warfarin sodium (INR 2–3)

placebo)                                per day)

Ischemic stroke (RRR per year)           23%                     65%

Primary prevention of ischemic stroke      1.5%                     2.7% (NNT for 1 year 

(ARR per year) to prevent 1 stroke: 37)

Secondary prevention of ischemic         2.5%                    8.4% (NNT for 1 year 

stroke (ARR per year) to prevent 1 stroke: 12)

Complications (intracranial and             3.5                        7.9

extracranial hemorrhages) 

(rate per 100 person-years)

●   Selection of antithrombotic therapy in patients with AF using the 

CHADS    20 score

2

–  CH ADS 2 = 0: aspirin (81–325 mg)
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–  CHADS2 = 1: aspirin or warfarin sodium –  CHADS2 ≥2: warfarin sodium with goal INR 2–3

(b)  Rate control in AF

●      Goals

–  Symptomatic relief from tachycardia

–  Prevention of tachycardia-related cardiomyopathy

(c)  Other options for selected patients with AF

●      Rhythm control ●      Cardioversion

–  Anticoagulation is required periprocedure

●      Catheter ablation/pacemaker implantation

 

17.4.8.     Birth control pills

See “Oral Contraceptives” section.

 

17.4.9.     Cerebral amyloid angiopathy (CAA)

CAA  is  characterized  by  deposition  of  amyloid β-protein  in  the  walls  of  cortical 

and  leptomeningeal  blood  vessels. 25  CAA  is  associated  with  dementia  and  intracer-ebral hemorrhage, but may manifest with cerebral ischemia due to microvascular dis-ease. In some patients, pathologic specimens feature amyloid deposits in association with a vascular inflammatory reaction (vasculitis) on brain biopsy, for which immuno-suppressive therapy may eventually be an option. 26 There is no specific treatment for CAA or specific primary or secondary ischemic stroke prevention strategy.25

 

17.4.10.  Cerebral autosomal dominant  

arteriopathy with subcortical infarcts 

and leukoencephalopathy (CADASIL)

CADASIL is a dominantly inherited disorder caused by mutation of the Notch3 

gene, resulting in damage to the endothelium of small cerebral arteries and arterioles, i.e.,  a  small  vessel  vasculopathy.27  Central  nervous  system  manifestations  include ischemic stroke, migraine, dementia, psychiatric disorders, and seizures. Other organs affected include skin, muscle, heart, liver, GI 

tract,  and  peripheral  nerves.  The  diagnosis 

[image: ]

can be made with genetic testing.27

1.  Ischemic stroke and transient ischemic 

attack (TIA) in CADASIL

(a)  May occur in up to 85% of affected 

people, with frequent recurrence.

(b)  Small  vessel  (lacunar)  syn-

dromes  predominate,  usually 

beginning  in  the  fourth  or  fifth 

decade. (Fig. 17.2)

(c)  There is no specific treatment or 

primary  or  secondary  ischemic 

stroke  preventative  strategy, 

and  while  the  effect  of  conven-

tional  preventative  therapies  on 

stroke recurrence in CADASIL is 

unknown, control of conventional 

stroke risk factors is logical; dou-

ble  antiplatelet  therapy  or  sys-

temic  anticoagulation  is  avoided 

due  to  intracerebral  hemorrhage 

risk.                                     Fig. 17.2 MRI of the brain in a patient 

with CADASIL. Multiple subcortical 

infarcts are evident.
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CM predisposes to thromboembolism by virtue of relative stasis of blood and clot 

formation within the cardiac apex. Thromboembolism may occur regardless of etiology of ventricular dysfunction:

1.  Relationship of stroke risk to reduction in ejection fraction (EF)28, 29

(a)  Postmyocardial infarction ventricular dysfunction

●      Cumulative risk of stroke (96% of strokes were ischemic)

 

Ischemic stroke risk as a function of ejection fraction 28

Ejection fraction (%)       Stroke rate over 5 years after myocardial infarction (%)

≤28                   8.9

29–35                 7.8

>35                   4.1

 

2.  Management of ischemic stroke risk in CM

(a)  Antithrombotic therapy

●      Lack of randomized controlled studies ●      Warfarin with goal of INR 2–3 may be considered for patients with 

severe LV dysfunction for primary prevention10

●      Either warfarin sodium with goal INR 2–3 or anti platelet agents 

are reasonable for secondary prevention9

 

17.4.12.  Cigarette smoking

See “Tobacco, Smoked” section.

 

17.4.13.  Coagulopathy

Venous thrombosis can lead to ischemic stroke if there is concomitant abnormal 

right-to-left  communication,  such  as  a  patent  foramen  ovale  (PFO).  Typical  condi-tions  increasing  the  risk  of  venous  thrombosis  in  the  general  population  are  preg-nancy, oral contraceptives, nephrotic syndrome, postoperative state, immobility, and malignancy.30 If the ischemic stroke is cryptogenic and the patient is <50 years old, the patient is typically screened for genetic coagulopathy. Although a fraction of the population  may  indeed  harbor  genetic  disorders  of  the  coagulation  pathways  which predispose  to  venous  thrombosis,  i.e.,  primary  hypercoagulability,  caution  needs  to be  exercised  in  making  this  diagnosis  in  the  acute  phase  of  ischemic  stroke:  acute thrombosis  may  cause  transient  hypercoagulability  (secondary  hypercoagulability), and laboratory tests for coagulation factor levels may be affected. Thus, all tests with the  exception  of  genetic  tests  (e.g.,  Factor  V  Leyden  and  prothrombin  gene  muta-tions)  should  be  performed  at  least  two  months  after  the  acute  stroke  phase.31,  32 Additionally, a positive family history and/or personal history suggestive of a clotting disorder antedating the stroke should be sought to increase the pretest probability of primary hypercoagulability.

In  summary,  rare  patients  who  present  with  cryptogenic  ischemic  stroke  may 

have  primary  hypercoagulability  (up  to  4%  of  patients  <50  years  old  with  ischemic stroke; approximately 1% of all patients with ischemic stroke). 32 If a patient with pri-mary hypercoagulability and ischemic stroke shows no evidence of venous thrombosis and a right-to-left shunt (i.e., paradoxical embolism as stroke mechanism), a relation-ship of the coagulation disorder to arterial thrombosis may be invoked, although this should not preclude screening for conventional ischemic stroke risk factors.

This  section  focuses  on  selected  genetic  coagulopathies.  Additional  selected 

hematologic conditions which are associated with a thrombophilic state are discussed in  the  “Hyperviscosity,”  “Heparin-Induced  Thrombocytopenia,”  “Malignancy,”  and “Sickle Cell Disease” sections.
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Prevalence of primary hypercoagulability among patients with ischemic stroke

Prevalence 

Condition                range (%)        Pretest probability (%)

≤50 Years Old All ages

Hereditary protein C, protein S, and       0–21                   Unknown           Unknown

antithrombin III deficiency

Hereditary fibrinolytic deficiency           0–2.7                   Unknown           Unknown

(e.g., plasminogen)

Activated protein C resistance             0–38                   11                  7

(aka Factor V Leyden mutation)

Prothrombin gene mutations            1–12.5               5.7                4.5

Antiphospholipid antibodies

(a) anticardiolipin antibody                                        21                   17

(b) lupus anticoagulant                                          8                   3

 

1.  Prevalence of coagulopathy in ischemic stroke patients31.

2.  Clinical factors increasing the pretest probability of coagulopathy in ischemic 

stroke patients.

(a)  All disorders: age ≤50, family history of thrombosis, personal history of 

venous or arterial thrombosis.

(b)  Hereditary protein C, protein S, and antithrombin III deficiency, or fibri-

nolytic deficiency.

●      Thrombus in atypical location (e.g., upper extremity). ●      Thrombosis during pregnancy/puerperium. ●      Warfarin-induced skin necrosis (protein C or S deficiency). ●      Resistance to heparin (antithrombin III deficiency).

(c)  Activated protein C resistance or prothrombin gene mutation.

●      Cerebral sinus thrombosis. ●      Thrombosis during pregnancy/puerperium.

(d)  Antiphospholipid antibodies.

●      Systemic lupus erythematosus. ●      Miscarriage. ●   Livedo reticularis (reticulated pattern of purplish discoloration on 

the skin due to changes in vascular diameter).

●      Idiopathic thrombocytopenia. ●      Nonbacterial thrombotic endocarditis.

3.  Management of patients with ischemic stroke and coagulopathy9.

(a)  All  patients  should  receive  a  full  cerebrovascular  evaluation  of  conven-

tional ischemic stroke risk factors.

(b)  Established  hereditary  protein  C,  protein  S,  antithrombin  III  or  fibri-

nolytic  deficiency;  activated  protein  C  resistance;  or  prothrombin  gene 

mutation and cryptogenic ischemic stroke.

●   If deep venous thrombosis is present. Anticoagulation with warfa-

rin sodium to INR 2–3, short or long term, depending on additional 

patient-specific factors.

●      If deep venous thrombosis is absent. Antiplatelet therapy or antico-

agulation with warfarin sodium to goal INR 2–3.

●   If  there  are  recurrent  thrombotic  events  on  antiplatelet  therapy. 

Anticoagulation with warfarin sodium to goal INR 2–3.

(c)  Established  antiphospholipid  antibodies  and  cryptogenic  ischemic 

stroke.

●   If  antiphospholipid  antibodies  are  present,  but  there  are  no  fea-

tures  of  antiphospholipid  antibody  syndrome  (see Table  17.1): antiplatelet therapy.

●   If  antiphospholipid  syndrome  is  present:  anticoagulation  with 

 warfarin sodium to INR 2–3.

–  Diagnostic  criteria  (Sapporo  Criteria)  for  antiphospholipid 

antibody syndrome 33.
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Table 17.1 Diagnosis of antiphospholipid antibody syndrome 

(aka Hughes Syndrome)33

Clinical criteria (one or more required)

•  Vascular thrombosis: arterial OR venous OR small vessel thrombosis in any organ

•   Pregnancy complications: unexplained fetal death after 10 weeks of gestation OR premature 

birth due to pre-eclampsia, eclampsia, or placental insufficiency OR three unexplained con-secutive spontaneous abortions before 10 weeks of gestation

Laboratory criteria (one or more required)

•   Anticardiolipin IgG or IgM antibodies detected on two or more occasions separated by at 

least 6 weeks

•  Lupus anticoagulant detected on two or more occasions separated by at least 6 weeks

 

17.4.14.  C-Reactive protein

High blood levels of C-reactive protein (CRP) and other inflammatory molecules 

correlate  with  increased  atherosclerosis  and  risk  of  coronary  disease  and  ischemic stroke,  although  the  relationship  is  less  clear  for  ischemic  stroke  than  for  coronary disease.34  It  is  uncertain  whether  CRP  is  causative  or  a  marker  of  disease  severity. The  interpretation  and  the  application  of  CRP  levels  in  clinical  situations  are  cur-rently  being  investigated.  Monitoring  of  CRP  levels  may  eventually  prove  useful  in stratifying  patients  at  greatest  risk  of  coronary  and  cerebrovascular  events,  as  well as in gauging response to preventative therapies.

 

17.4.15.  Diabetes mellitus (DM)

DM  affects  8%  of  American  adults  and  is  a  predictor  of  recurrent  ischemic 

stroke.9  Chronically  poor  glycemic  control  results  in  injury  to  the  microvasculature in many organs including the brain, peripheral nerve, retina, and kidney. The micro-angiopathy in turn causes ischemic damage. In the brain, manifestations of diabetic microangiopathy  include  progressive  subcortical  white  matter  injury  and  lacunar ischemic strokes. Appropriate glycemic control decreases microvascular injury, and is recommended for primary and secondary prevention of ischemic stroke. 9, 10

1.  Diagnosis.

 

Diagnosis of diabetes mellitus

Fasting plasma glucose (mg dL −1)

Normal fasting glucose            <100

Impaired fasting glucose           100–126 Diabetes                         >126

 

2.  Management of DM.

(a)  Oral  hypoglycemic  drugs,  long-  and  short-acting  insulin,  and  diabetic 

diet should be used to achieve glycemic control.

(b)  Glycemic  control  should  be  monitored  with  HbA 1C  levels:  HbA1C  > 7% 

suggests poor control.

(c)  Concomitant  conditions  increasing  stroke  risk,  especially  hypertension 

and hyperlipidemia should be aggressively treated in patients with DM.

(d)  Lifestyle changes including weight reduction, decreasing alcohol intake, 

and smoking cessation should be prescribed for patients with DM.

3.  Insulin resistance.

(a)  Relatively common worldwide, affecting perhaps >1 billion people.

(b)  Currently being investigated as a risk factor for vascular disease 35.
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Discussed in Chap. 18.

 

17.4.17.  Dolichoectasia, arterial

Discussed in Chap. 13.

 

17.4.18.  Drug abuse

Drug  abuse  can  lead  to  ischemic  stroke  through  a  variety  of  mechanisms.  For 

example, cocaine use can predispose to acute risk in the form of cerebral vasospasm or  chronic  risk  in  the  form  of  hypertensive  cerebral  vasculopathy  (see  also  “Cocaine and Stroke”, in the “Vasculitis” section). Cerebral vasculitis has been associated with amphetamine use. Intravenous drug use of any sort can lead to bacterial endocarditis and embolic stroke risk. Patients who abuse drugs should be counseled as to the risks and referred to appropriate drug rehabilitation services.

 

17.4.19.  Endocarditis

Endocarditis  accounts  for  less  than  1%  of  thromboembolic  ischemic  strokes, 

and is classified as either bacterial (BE)36 (aka infective) or nonbacterial thrombotic (NBTE)  (aka  marantic).37  Conditions  predisposing  to  BE  include  valvular  abnor-malities, catheter-related blood stream infections, intravenous drug use, and immune suppression. BE can occur on native or prosthetic valves, and in the majority of cases either streptococci or staphylococci are involved. NBTE is most often associated with malignancy,  disseminated  intravascular  coagulation,  systemic  lupus  erythematosus with  antiphospholipid  syndrome,  and  primary  hypercoagulabilities  in  the  setting  of previously  normal  valves.  In  these  conditions,  valvular  vegetations  are  sterile  and typically consist of fibrin and platelets. The term Libman-Sacks endocarditis usually refers  to  sterile  endocardial  lesions  in  patients  with  systemic  lupus  erythematosus and the antiphospholipid syndrome (see “Coagulopathy” section).

1.  Diagnosis of endocarditis.

(a)  BE (see Table 17.2).

●      Clinical exam findings of systemic embolization.

–  Osler nodes: tender nodules on finger and toe pads, present 

in 10–25% of patients with BE, but not specific to BE.

 

Table 17.2 Modified Duke criteria for diagnosis of bacterial endocarditis36

Major criteria

  •   Microorganisms isolated from two separate blood cultures, persistent bacteremia, or a 

single culture with Coxiella Burnetii

  •   Evidence of endocardial lesion (new valvular regurgitation or positive echocardiogram)

Major criteria

  •  Predisposition (IV drug use, previous BE, prosthetic heart valve, mitral valve prolapse, etc.)

  •   Fever

  •   Evidence of embolization

  •   Immunologic phenomena (Osler nodes, Janeway lesions, etc.)

  •   Microbiologic findings not meeting major criteria

Definite bacterial endocarditis

2 major criteria OR 1 major and 3 minor criteria OR 5 minor criteria

Possible bacterial endocarditis

1 major and 1 minor criteria OR 3 minor criteria
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–  Janeway  lesions:  nodular  hemorrhages  on  palms  and  soles, 

most likely associated with BE when seen on physical exam.

–  Petechiae and palpable purpura.

–  Splinter hemorrhages: subungal, dark red streaks; may also 

be seen with trauma.

–  Roth spots: oval retinal hemorrhages with pale centers.

●      New cardiac murmur. ●      Positive blood cultures.

–  See “Culture-negative endocarditis”.

●      Evidence of vegetations on echocardiography.

–  Transesophageal  is  more  sensitive,  but  transthoracic  may 

reveal large lesions.

●      Culture-negative endocarditis.

–  Blood cultures may be sterile in up to 5% of cases of BE diag-

nosed using strict criteria outlined earlier.

–  Causes of sterile cultures: prior use of antibiotics, right heart 

endocarditis,  slow-  growing  organisms,  fungi,  intracellular 

pathogens, NBTE36.

(b)  NBTE.

●   Transesophageal  or  transthoracic  echocardiography  showing  veg-

etations.

●      Sterile blood cultures. ●      Evidence of systemic embolization. ●   Underlying primary condition such as cancer or the anti phospholi-

pid syndrome.

Cardiac murmurs infrequent (unlike in BE).

2.  Ischemic stroke risk in endocarditis.

(a)  BE.

●   Up to 20% of patients have ischemic stroke and up to 65% may have 

embolization elsewhere.

●   Large vegetations on anterior leaflet of mitral valve are most likely 

to embolize.

●   Cerebral embolization of vegetations containing bacteria can result 

in cerebral ischemia, abscess, mycotic aneurysm and arteritis, and 

hemorrhage (5% of cases).

(b) NBTE.

●   Systemic (including brain) emboli are present on autopsy in almost 

half of patients with NBTE 38.

3.  Other complications of endocarditis.

(a) BE 36.

●      Congestive heart failure: up to 50%. ●      Glomerulonephritis. ●      Annular abscess or cardiac conduction system involvement. ●      Mycotic aneurysm or cerebral abscess.

4.  Management of endocarditis.

(a)  BE.

●      Obtain blood cultures. ●   Start empiric intravenous antibiotics geared at most likely organ-

isms.

●      Tailor antibiotics based on culture sensitivities. ●   If valves are prosthetic, continue systemic anticoagulation, unless 

there is evidence of hemorrhage or the infarct is large, i.e., at risk 

for hemorrhagic transformation.

●      There  is no  role  for  systemic  anticoagulation  in  case  of  native 

valves, and initiation may increase risk of hemorrhagic conversion 

of cerebral infarcts.

●   Surgical  management  is  reserved  for  cases  of  valvular  insuf-

ficiency,  heart  failure,  continued  embolization,  or  persistent  bac-

teremia  despite  appropriate  antibiotic  therapy,  highly  resistant 

virulent organisms, immediate relapse after completion of therapy, 

or large vegetations on the mitral valve.

(b)  NBTE37.

●   Evaluate  patient  for  malignancy,  primary  hypercoagulability, 

and  the  antiphospholipid  syndrome  and  treat  primary  condition 

 accordingly.
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●   Unless contraindicated (i.e., in the setting of hemorrhage or mod-

erate-to-large  acute  cerebral  infarcts),  systemic  anticoagulation 

should be used.

–  In patients with malignancy, heparins may be more effective 

than warfarin or other vitamin K antagonists.

–  In patients with primary hypercoagulability or antiphosphol-

ipid syndrome, warfarin should be used (see “Coagulopathy” 

section).

●   In cases of large vegetations or destructive valvular lesion, surgical 

therapy is an option39.

 

17.4.20.  Ethnicity

The  effect  of  ethnicity  on  ischemic  stroke  in  the  United  States  has  been  inves-

tigated  in  large  population-based  studies  such  as  the  Greater  Kentucky/Cincinnati Study  and  the  Northern  Manhattan  Study.11,  40  Americans  of  African  and  Hispanic descent exhibit higher ischemic stroke rates than Caucasions, irrespective of age and gender.

 

17.4.21.  Fabry disease

Fabry Disease is an X-linked lysosomal storage disease and a relatively rare etiol-

ogy of ischemic stroke. The disease is caused by deficiency of α-galactosidase A, which manifests  with  systemic  accumulation  of  glycosphingolipids.  Fabry  Disease  should be  kept  in  mind  when  investigating  patients  with  cryptogenic  ischemic  stroke:  the importance of making this rare diagnosis lies in the availability of disease-modifying therapy.41

1.  Incidence of Fabry Disease.

(a)  1:55,000 male births.

(b)  Seventy percent of women may be symptomatic: typically milder symp-

toms and occurring later in life than in men.

2.  Disease manifestations of Fabry Disease.

(a)  Intermittent paresthesias, especially involving the hands and feet.

(b)  Chronic abdominal complaints, primarily pain.

(c)  Angiokeratomata.

(d)  Renal insufficiency and proteinuria.

(e)  Hypertrophic cardiomyopathy, arrhythmias.

(f)  Cerebral ischemia, predominantly vertebrobasilar.

3.  Diagnostic testing for Fabry Disease.

(a)  Males.

●      Pedigree analysis. ●      Plasma or leukocyte α-galactosidase A.

(b)  Females.

●      Mutation analysis.

4.  Treatment of Fabry Disease.

(a)  Enzyme replacement therapy.

●      Agents.

–  Agalsidase alpha is used worldwide, but not approved in the 

US.

–  Agalsidase beta is approved in the US.

●      Treatment effects.

–  Stabilization of cardiac, renal disease.

–  Reversal of cerebrovascular nitric oxide dysfunction.

 

17.4.22.  Family history of ischemic stroke

Maternal or paternal history of ischemic stroke is an ischemic stroke risk factor. 

Ultimately,  this  is  due  to  the  combination  of  genetic  (see  later)  and  environmental (including cultural) influences.

 

ACUTE ISCHEMIC STROKE                                                                17.4. Acute ischemic stroke                  585 17.4.23.  Fibromuscular dysplasia

Discussed in Chap. 18.

 

17.4.24.  Gender

Premenopausal Caucasian females have a lower incidence of ischemic stroke than 

males. This difference is lost with menopause and is affected by ethnicity, e.g., women of African American descent have a higher frequency of cerebral ischemia than age-matched Caucasian females or males.11

 

17.4.25.  Genetics

In most patients, a predisposition to ischemic stroke is multifactoral, i.e., a com-

plex interplay of genes relating to intrinsic risk factors like hypertension and diabetes with extrinsic aspects including diet, cigarette smoking, alcohol intake, and physical activity.  In  general,  genetic  predispositions  to  ischemic  stroke  can  be  classified  as single gene or polygenic disorders. 27 In the majority of stroke patients, risk is likely polygenic. The unraveling of the genetic complexity has only begun: in several diseases with defined genetic causes, ischemic stroke is a common manifestation. Only single gene disorders are considered:

1.  Single gene disorders.

(a)  Ischemic stroke as a recognized manifestation.

●   Cerebral  autosomal  dominant  arteriopathy  with  subcortical  inf-

arcts and leukoencephalopathy (CADASIL).

●   Cerebral  autosomal  recessive  arteriopathy  with  subcortical  inf-

arcts and leukoencephalopathy (CARASIL).

–  Rare; features similar to CADASIL.

●      Fabry Disease (see “Fabry Disease” section). ●      Moya-moya Disease (see Chap. 18). ●      Sickle Cell Disease (see “Sickle Cell Disease” section).

(b)  Ischemic stroke observed occasionally.

●      Ehler-Danlos Type 4.

–  Mutation in collagen type 3 gene.

–  Predisposition to arterial dissection and aneurysm formation 

(see Chapter 15).

●      Marfan Syndrome.

–  Mutation in fibrillin gene.

–  Associated with aortic dissection and valvular heart disease.

●      Neurofibromatosis Type 1.

–  Associated with hypertension and moya-moya syndrome (see 

Chap. 18).

●      Familial Hemiplegic Migraine.

–  Mutation in neuronal voltage-gated calcium channel subunit 

gene.

●      Homocystinuria.

–  Autosomal recessive, cystathione beta-synthase deficiency.

–  Associated with carotid artery disease or dissection.

–  Management  is  dietary,  with  pyridoxine  supplementation 

and antiplatelet therapy.

2.  Genes currently under investigation42.

(a)  Phosphodiesterase 4D gene (PDE 4D).

●   Polymorphisms  may  be  associated  with  increased  ischemic  stroke 

risk in certain populations.

●   Increased  association  with  large  artery  ischemic  stroke,  but  not 

carotid intima media thickness (see “Intima Media” section).

(b)  5-Lipoxygenase-activating protein (ALOX5AP).

●   Polymorphisms  may  be  associated  with  increased  ischemic  stroke 

risk in certain populations.

●      Associated with atherosclerosis and intima media thickness.

(c)  New  genes  with  possible  links  to  ischemic  stroke  are  constantly  being 

added to the list.
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See “Sickle Cell Disease” section.

 

17.4.27.  Heparin-induced thrombocytopenia (HIT)

There  are  two  forms  of  HIT:  HIT  Type  I  may  be  nonimmune,  occurs  within 

1–3 days of starting heparin, and is usually self-limited (i.e., platelet counts recover while heparin is continued) and without consequence to the patient; while HIT Type II  is  a  serious,  potentially  life-threatening  immune-mediated  disease  manifested  by thrombocytopenia  and  platelet  activation,  and  resulting  in  thrombosis  in  20–50% of  patients. 43  The  immune  reaction  in  HIT  Type  II  is  caused  by  administration  of heparins, either unfractionated or low molecular weight, and the resulting antibodies are directed against platelet factor 4 and heparin. The mere presence of antibodies is not sufficient to make the diagnosis of HIT Type II, as in some patients the existence of antibodies has no clinical consequences (see Table 17.3). When used without specify-ing type, the term HIT usually refers to HIT Type II, and this is how the term will be used in the remainder of this section, unless otherwise specified.

1.  Incidence: See             44 Table 17.3 .

2.  Diagnosis of HIT.

(a)  Heparin exposure: Thrombocytopenia develops 5–10 days after initiation 

of  heparin  therapy,  although  in  patients  with  recent  heparin  exposure, 

thrombocytopenia may occur within 1 day of re-exposure.

(b)  Otherwise unexplained  9 −1  ≥  50% drop in platelet count (or to <150 × 10  L).

(c)  Laboratory diagnosis.

●      Two types of assays: antigen and functional assays. ●   Because  neither  assay  has  high  sensitivity  and  specificity,  both 

assays should be used in making the diagnosis.

(e) Normalization of platelet count when heparin is discontinued.

3.  Thrombosis in HIT.

(a)  Occurs in 20–50% of patients; risk is more than 30 times that of control 

populations;  incidence  increases  with  recent  surgery  or  other  causes  of 

increased inflammatory response.

(b)  Venous and arterial thromboses.

●      Most common: pulmonary embolism. ●   Myocardial  infarction,  ischemic  stroke,  extremity  infarctions  can 

occur.

●   Venous  thromboses  are  more  common  in  medical  and  orthopedic 

patients; arterial thromboses in cardiac surgical or vascular surgi-

cal patients.

 

Table 17.3 Incidence of antiheparin antibodies and heparin-induced 

 thrombocytopenia

Incidence

of heparin  Incidence of 

Patient population/risk               antibodies (%)        HIT (%)

High Risk                                      14                  3–5

Unfractionated heparin in the setting of orthopedic 

surgery

Intermediate Risk                               25–50                1–2

Unfractionated heparin in the setting of cardiac 

surgery

Intermediate Risk                               8–20                 0.8–3

Unfractionated heparin in general medical or 

 neurologic patients

Intermediate Risk                               2–8                  0–0.9

Low molecular weight heparin in medical, 

 neurologic, surgical patients
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4.  Other, less common, manifestations of HIT.

(a)  Venous limb gangrene, skin necrosis, disseminated intravascular coagu-

lation, and anaphylaxis.

5.  Management of HIT44.

(a)  Goals of therapy in HIT.

●   Decrease  risk  of  thrombosis  by  reducing  platelet  activation  and 

thrombin generation44.

(b)  Protocol in suspected HIT.

●   Because  it  is  sometimes  difficult  to  initially  differentiate  the 

benign self-limited HIT Type I from HIT Type II, all patients with 

exposure to heparin and thrombocytopenia should be suspected of 

having HIT Type II until ruled out with laboratory testing.

●   All  forms  of  heparin,  including  unfractionated  or  low  molecular 

weight injections and heparin central and peripheral line flushes, 

should be stopped.

●   Laboratory  tests  for  HIT,  PTT,  INR,  and  liver  function  should  be 

obtained.

●      An alternative anticoagulant should be started.

–  Either  a  direct  thrombin  inhibitor  (e.g.,  argatroban  or  lep-

irudin,  or  bivalirudin  if  undergoing  percutaneous  coronary 

procedures) or a heparinoid should be used.

–  Warfarin  should  not  be  started  before  full  anticoagulation 

with the alternative agent and platelet count recovery due to the possibility of warfarin-induced skin necrosis.

(c)  Protocol in confirmed HIT.

●   All  forms  of  heparin  should  be  stopped:  unfractionated  or  low 

molecular  weight  injections  and  heparin  central  and  peripheral 

line flushes.

●      Thrombocytopenia without thrombosis.

–  Alternative anticoagulant should be continued until platelet 

counts recover to patient’s baseline or stable plateau.

–  Anticoagulation  with  an  alternative  agent  or  warfarin  for  a 

further 4 weeks should be considered, as the risk of thrombo-

sis remains high.

●      Thrombocytopenia with thrombosis.

–  Alternative anticoagulant should be continued until platelet 

counts recover to >150 × 109 L−1.

–  Once platelet count recovers, alternative anticoagulant should 

be  continued  during  the  transition  to  oral  anticoagulation 

with warfarin until the INR is stably within the goal range.

–  Oral anticoagulation should be continued for 3–6 months.

–  Future exposure to heparin should be avoided.

 

17.4.28.  Hormone replacement therapy (HRT)

Estrogens are thought to be beneficial in a variety of conditions, from dementia to 

sepsis. The incidence of ischemic stroke is lower in premenopausal women compared to  age-matched  men,  and  estrogens  were  found  to  be  neuroprotective  in  experimen-tal  models  of  ischemic  stroke. 45–48  Early  clinical  studies  (mostly  observational  and case  controlled)  suffered  from  many  shortcomings  including  variable  replacement regimens and resulted in conflicting data on HRT in humans. Although recent rand-omized, controlled clinical trials of HRT did not show benefit and one revealed higher cardio- and cerebrovascular event rates (see Table 17.4), further studies are needed to fully understand the cerebrovascular impact of HRT.

1.  Ischemic stroke risk with HRT: See            49 Table 17-4 .

2.  Factors increasing ischemic stroke risk with HRT: conventional ischemic stroke 

risk factors.

3.  Prescribing HRT in 2007.

(a)  HRT is not recommended for routine use in prevention of chronic condi-

tions53.

(b)  HRT may be considered for use in specific patients for relief of vasomotor 

symptoms and vaginal atrophy54.
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Table 17.4 Ischemic stroke risk with hormone replacement therapy49

Clinical study Relative risk of ischemic stroke

Heart and Estrogen/Progestin Study (HERS)50            1.18 (NS)

Women Estrogen Stroke Trial (WEST)51                  1.00

Women’s Health Initiative (WHI)52                                  a (estrogen/ 1.44

progestin arm)

aAbsolute risk of ischemic stroke in the treatment cohort is low: 8/10,000 women per year of HRT

 

17.4.29.  Hyperhomocysteinemia

Plasma  homocysteine  levels  >10 µM  correlate  with  increased  risk  of  ischemic 

stroke and coronary ischemia, but studies to date have shown no reduction in ischemic events with vitamin treatment.55 Although the hypothesis that lowering homocysteine reduces  ischemic  stroke  risk  requires  further  study,56,  57  due  to  low  risk  and  cost  of standard  vitamin  formulations,  it  seems  reasonable  to  encourage  vitamin  use  in patients with ischemic stroke and hyperhomocysteinemia. 9

 

17.4.30.  Hypertension

Hypertension is one of the major risk factors for ischemic stroke. Multiple clinical 

investigations and meta-analyses have shown that controlling hypertension leads to reduction in stroke risk.9, 10

1.  Prevalence of hypertension: estimated >50 million Americans.

2.  Classification of blood pressure (BP) ranges58.

 

Diagnosis of hypertension

Systolic BP (mmHg) Diastolic BP (mmHg)

Normal BP                 <120                       and     <80

Prehypertension              120–139                     or      80–90

Hypertension, stage 1         140–159                      or      90–99

Hypertension, stage 2         ≥160                          or      ≥100

3.  Stroke (ischemic and hemorrhagic) risk with hypertension.

(a)  Increases with increasing systolic and diastolic BP.

(b)  Antihypertensive  treatment  is  effective  in  primary  and  secondary 

ischemic stroke prevention59.

●   Stroke (including cerebral hemorrhage), nonfatal stroke, combined 

vascular events: 20–25% reduction.

(c)  Class effects59.

●      β-blockers: no effect on stroke risk. ●      Diuretics: 32% reduction in stroke risk. ●      ACE inhibitors: 26% reduction in all vascular events. ●   Diuretics and ACE inhibitors: 40–45% reduction in stroke, MI, all 

vascular events.

3.  Management of hypertension.

(a)  Antihypertensive medications should be used for primary prevention of 

ischemic stroke58.

●   General goal BP in patients without concomitant diabetes or renal 

disease: <140/90 mmHg.

●   Goal  in  patients  with  concomitant  diabetes  or  renal  disease: 

<130/80 mmHg.
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●   There  is  probably  continued  benefit  with  further  decrease  to 

120/80 mmHg.

(b)  Antihypertensive  medications  should  be  used  for  secondary  prevention 

in patients with cerebral infarcts or transient ischemic attack 9.

●      Timing.

–  In  the  hyperacute  period  after  ischemic  stroke,  BP  is  natu-

rally increased.

–  Lowering  BP  in  the  hyperacute  period  correlates  with 

increased morbidity and mortality.

–  Gentle initiation within the first week after ischemic stroke is 

probably safe in most patients, although the decision to start 

therapy  and  the  class  of  drugs  must  be  individualized  (see 

“Acute Ischemic Stroke: Treatment” section).

–  Deferral  of  therapy  initiation,  or  prolongation  of  the  time 

period  over  which  goal  BP  are  reached,  may  be  appropriate 

in  patients  with  a  BP-dependent  neurologic  examination  or 

intracranial or extracranial arterial stenosis.

●                   9  Goal BP.

–  Insufficient  data  to  make  absolute,  one-size  -fits-all  recom-

mendation.

–  Goals and therapy must be individualized.

–  Initial reduction of 10/5 mmHg is desired.

●   Preferred agents . 58

–  Unless  contraindicated,  thiazide  diuretics  in  combination 

with ACE inhibitors are good initial agents in patients with 

TIA or ischemic stroke.

●   Lifestyle changes . 58

–  Facilitate BP control.

(a)  Weight loss.

(b)  Diet: low sodium, high potassium and calcium.

(c)  Aerobic exercise regimen.

(d)  Limitation of alcohol intake.

 

17.4.31.  Hypercoagulability

See “Coagulopathy” section.

 

17.4.32.  Hyperviscosity syndromes

Hyperviscosity  is  a  rare  cause  of  cerebral  ischemia.  Hematologic  conditions 

in  which  increased  blood  viscosity  (but  also  thrombophilia)  may  play  a  role  in  the pathogenesis  of  cerebral  ischemia  include  essential  thrombocythemia,  polycythemia vera, myeloma, leukemia, thrombotic thrombocytopenic purpura, and Waldenstrom’s macroglobulinemia. 60  Sickle  cell  disease  and  other  hemoglobinopathies  affect  blood viscosity during crises, but additional mechanisms are also responsible for ischemic stroke  risk  (see  “Sickle  Cell  Disease”  section).  Many  conditions  including  ischemic stroke are associated with elevated fibrinogen levels. A recent Cochrane review con-cluded  that  there  are  insufficient  data  on  the  use  of  fibrinogen  depleting  agents  in ischemic stroke, and further studies are required.61

 

17.4.33.  Infections

Infections  with  specific  organisms  have  been  implicated  in  the  pathogenesis  of 

atherosclerosis,  although  data  are  sparse  on  treatment  of  infections  as  a  means  of stroke prevention.62 Minocycline, an antibiotic, may eventually be proven effective in the  treatment  of  acute  ischemic  stroke,  although  its  putative  mechanism  of  action may not related to its antimicrobial activity.63
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Inflammation  plays  a  role  in  atherosclerosis,  as  well  as  in  the  pathophysiology 

of  acute  and  subacute  ischemic  stroke.  Similar  to  infections  discussed,  not  enough data  are  currently  available  to  make  recommendations  on  specific  screening  and anti-inflammatory  treatment  regimens  in  stroke  prevention  (see  also  “C-Reactive Protein” section).

 

17.4.35.  Intima media thickness (IMT)

Measurement of carotid IMT on ultrasonography is currently under investigation 

as a marker of atherosclerosis, surrogate vascular endpoint, and predictor of ischemic stroke risk. 64

 

17.4.36.  Lipid disorders

3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) reductase inhibitors (statins) 

have been shown to decrease stroke risk in patients with cardiac disease, in a manner related to the degree of LDL cholesterol lowering.9 Furthermore, withdrawal of stat-ins in the acute phase of ischemic stroke results in increased mortality and neurologic disability.65  The  recent  Stroke  Prevention  by  Aggressive  Reduction  in  Cholesterol Levels (SPARCL) trial was designed to determine whether atorvastatin at a dose of 80 mg  daily  prevented  strokes  in  patients  with  previous  stroke  (ischemic  or  hemor-rhagic) or TIA and LDL levels 100–190 mg dL −1 66  without  coronary heart disease.

1.  SPARCL study.

(a)  Results, at a median 4.9 years of follow up.

 

SPARCL study results 66

Atorvastatin, 

Selected outcomes              80 mg           Placebo      P value

Nonfatal or fatal strokea                     11.2%                  13.1%               0.03

Stroke or TIA                              15.9%                 20.1%              <0.001

Major coronary event                     3.4%                 5.1%              0.003

Death                                 9.1%                8.9%              NS

Rhabdomyolysis                       0.08%               0.13%            NS

Transaminase elevation >3× normal        2.2%                 0.5%              <0.001

aIschemic and hemorrhagic: 67.4 and 65.9% of strokes were ischemic in the atorvastatin and placebo groups, respectively; there may be a relationship between statin use and increased risk of cerebral 

hemorrhage, but further studies are required67

 

2.  Management of hyperlipidemia in patients with ischemic stroke9.

(a)  Patients  with  stroke  or  transient  ischemic  attack  who  are  at  very  high 

risk  for cardiovascular  disease  (those  with  established  cardiovascular disease  and  multiple  risk  factors  or  poorly  controlled  risk  factors  or 

metabolic syndrome [see later] or acute coronary events): goal LDL cho-

lesterol <70 mg dL−1.

(b)  Other patients with ischemic stroke or transient ischemic attack.

●   Patients  with  coronary  disease  and  hyperlipidemia:  statin  agents, 

lifestyle modifications to achieve goal LDL cholesterol <100 mg dL−1.

●                                                                                         −1 Patients with LDL cholesterol 100–190 mg dL and no known coro-

nary disease: atorvastatin 80 mg daily (SPARCL).

●                                                                                       −1 Patients  with  HDL  cholesterol ≤ 40 mg  dL:  consider  niacin  or 

gemfibrozil.

3.  Mechanisms of statin benefit beyond lipid lowering68.
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Mechanisms of statin action in the 

ischemic brain

Augmentation of collateral flow69

Improvement of endothelial reactivity

Anti-inflammatory and antioxidant activity

Stabilization of atherosclerotic plaques

Stimulation of neural progenitor cells (neurorepair)

 

4.  Additional ischemic stroke risk factors related to lipid metabolism.9.

(a)  Lipoprotein  a:  elevation  is  associated  with  increased  risk  of  ischemic 

stroke.

(b) Apolipoprotein a1 (component of HDL): cardioprotective; low levels may 

increase risk of developing carotid atherosclerosis.

(c) Apolipoprotein b (component of LDL): high levels may be associated with 

carotid atherosclerosis.

(d) HDL: low HDL cholesterol is associated with an increased risk of vascu-

lar ischemic events.

 

17.4.37.  Metabolic syndrome

Metabolic  Syndrome  refers  to  the  clustering  of  vascular  risk  factors  in  certain 

individuals  and  includes hypertriglyceridemia, low  HDL, hypertension, abdomi-nal  obesity,  and insulin  resistance.  Individuals  with  metabolic  syndrome  have  an increased risk of ischemic stroke.70

 

17.4.38.  Malignancy

Patients with systemic cancer harbor conventional, as well as cancer-specific, risk 

factors for cerebrovascular disease. The cancer-specific risk factor for stroke is most often hypercoagulability.71

1.  Prevalence  of  ischemic  stroke  in  cancer  patients:  0.12%  of  all  admissions  to 

Memorial Sloan–Kettering Cancer Center.

2.  Traditional risk factors in patients with cancer.

(a)  Hypertension: 53%.

(b)  Tobacco use: 32%.

(c)  Diabetes mellitus: 19%.

(d)  No identified risk factors other than cancer: 15%.

3.  Ischemic stroke mechanisms in patients with cancer.

(a)  Embolic (54%).

●      Atrial fibrillation.

●      Ventricular thrombus. ●      Bacterial endocarditis. ●      Nonbacterial thrombotic endocarditis.

(b)  Nonembolic (46%).

●      Small vessel disease: 12%. ●      Large vessel disease: 10%.

4.  Management of stroke risk in patients with cancer.

(a)  Secondary  prevention  of  stroke:  antiplatelet  agents,  anticoagulation  in 

selected  patients,  antihypertensive  drugs,  cholesterol-lowering  medica-

tions, smoking cessation.

5.  Prognosis after ischemic stroke in patients with cancer.

(a)  Median overall survival: 4.5 months.

(b)  Factors affecting survival.

●      Stroke severity.

●      Mechanism: worst for embolic infarcts. ●      Primary cancer: worst for lung cancer. ●      Presence of metastatic disease.
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The  relationship  between  ischemic  stroke  and  migraine  is  complex:  migraines 

may  be  triggered  by  cerebral  infarction;  migraines  may  cause  cerebral  infarction (migrainous infarct); migraine disorders and conventional ischemic stroke risk factors may  coexist  in  a  patient;  and  patients  may  have  diseases  which  predispose  both  to migraines and ischemic stroke (see “CADASIL” and “MELAS” sections)..

1.  Prevalence of migrainous infarcts72.

(a)  0.5–1.5% of ischemic strokes overall.

(b)  10–15% of ischemic stroke in patients <45 years old.

2.  Criteria for diagnosis of migrainous infarct.

(                          73 a)  Diagnostic criteria.

●   Patient must have previously met diagnostic criteria for migraine 

with aura.

–  One  or  more  symptoms  of  focal  neurologic  dysfunction  (aura) 

developing gradually over more than 4 min, lasting less than 

60 min  with  headache  occurring  before,  after,  or  simultane-

ously with aura.

●   Current attack similar to typical attacks, but focal neurologic symp-

toms not reversible and imaging confirms ischemic infarction.

●   Diagnostic evaluation rules out other etiologies of cerebral infraction.

3.  Ischemic stroke risk with migraines74.

4.  Mechanisms of cerebral ischemia in patients with migraines.

Ischemic stroke risk with migraine 74

Migraine classification                      RR (CI)

Migraine, general                            2.16 (1.89–2.48) Migraine with aura                          2.27 (1.61–3.19) Migraine without aura                       1.83 (1.06–3.15) Female migraineurs <45 years old            2.76 (2.17–3.52) Migraine with oral contraceptive use          8.72 (5.05–15.05)

(a)  Increased risk of ischemic stroke72.

●   Migrainous  infarct:  probably  too  infrequent  to  account  for  the 

entirety of increased risk.

●      Vasoconstrictive drugs used for migraine treatment.

–  Conflicting data on triptans and ergots.

●      Association with other stroke risk factors.

–  Patent  foramen  ovale:  Invoked  as  a  cause  of  migraines and

ischemic strokes largely by virtue of association; this hypoth-

esis is currently being investigated (see also “Patent Foramen 

Ovale” section).

–  Cervical  vascular  dissection:  Migraine  is  more  common  in 

these  patients,  RR  3.6  (1.5–8.6)  with  a  single,  and  6.7  (1.9–

24.1)  with  multiple,  dissections;  the  mechanistic  connection 

between migraine and dissection is unclear.

(b)  Migrainous  infarct:  The  mechanism  is  unknown,  but  two  have  been 

 postulated.

●   Neuronal  spreading  depression  during  aura  is  associated  with 

decreased  cerebral  blood  flow  sometimes  to  levels  right  at,  or 

slightly below, the ischemic threshold.

●   Transient  cerebral  arterial  spasm  during  migraine  may  result  in 

cerebral hypoperfusion.

5.  Management of ischemic stroke patients with migraines72.

(a)  Conventional ischemic stroke risk factors should be fully investigated in 

migraineurs before diagnosing a migrainous infarct.

(b)  Risk factors in migraineurs with ischemic stroke should be modified.

●      Smoking cessation. ●      Control of hypertension. ●      Discontinuation of oral contraceptives. ●      Avoidance of triptans and ergots.
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The  mitochondrial  disorders  are  a  heterogeneous  group  of  hereditary  diseases 

affecting  mitochondrial  function.  Involvement  of  the  peripheral  and  central  nerv-ous  systems  is  common;  onset  may  be  at  any  time  during  life. Stroke-like  episodes have  been  observed  in  mitochondrial  encephalomyopathy,  lactic  acidosis,  stroke-like episodes (MELAS); myoclonic epilepsy and ragged red fibers (MERFF); and Kearns-Sayre Syndrome (KSS). Frequently, episodes occur in close temporal association with migraine. Stroke-like episodes are thought to occur due to energy metabolism exhaus-tion, rather than a vascular cause, resulting in focal neurological deficits. MRI find-ings are suggestive of a predominant component of vasogenic, rather than cytotoxic, edema. Lesions are not in typical vascular territories.

1.  Prevalence  of  mitochondrial  disease  (estimated  prevalence  near  Madrid, 

Spain): 5.7 per 100,000 in people >14 years old75.

2.  Approach to diagnosis of mitochondrial diseases76.

(a)  Rule out other more common disorders.

(b)  Evaluation in suspected mitochondrial disorders.

●   History:  Determine  degree  of  CNS,  PNS,  and  organ  involvement, 

family history.

●   Blood testing: Lactate, pyruvate, hypothalamic-pituitary axis hor-

mones.

●      CSF: Lactate, pyruvate. ●   Imaging:  CT  (atrophy,  basal  ganglia  calcifications,  white  matter 

hypodensities,  largely  nonspecific);  MRI  (most  common  findings 

discussed earlier); MR spectroscopy (increased lactate peaks).

●   EEG: No pathognomonic patterns, but seizures have been observed 

in 40–50% of mitochondrial disorders vi. EMG/NCS: normal, myo-

pathic,  or  combined  features  may  be  seen;  neuropathy  (usually 

axonal sensory-motor) can be seen in up to 25% of patients.

●      Muscle/nerve biopsy: May yield pathognomonic features. ●   Brain  biopsy:  Immunohistochemical  evaluation  may  suggest 

reduced  levels  of  respiratory  chain  components;  electron  micros-

copy may reveal structurally abnormal mitochondria.

●   DNA  testing:  Various  specific  mutations  in  mitochondrial  or 

nuclear  DNA  have  been  identified  and  can  be  used  to  make  the 

diagnosis.

3.  Management of mitochondrial disease76.

(a)  No specific treatments, aside from some symptomatic therapies based on 

case reports, are currently available.

(b)  Avoidance  of  drugs  which  inhibit  the  respiratory  chain,  e.g.,  valproate, 

barbiturates, tetracyclines, and phenothiazines, seems prudent.

4.  Prognosis in mitochondrial diseases76.

(a)  Subclinical  disorder  may  appear  during  times  of  mitochondrial  stress, 

e.g., infection.

(b)  Course is usually progressive once disease becomes clinically apparent, 

with eventual multiorgan involvement and death.

(c)  Death in patients with mitochondrial disease with CNS manifestations 

is usually in the third decade75.

 

17.4.41.  Moya-Moya disease and syndrome

Discussed in Chap. 18; see also “Sickle Cell Disease” section.

 

17.4.42.  Nutrition

Diets  high  in  sodium  may  exacerbate  hypertension;  diets  high  in  carbohy-

drates may worsen blood glucose control in patients with diabetes; and overeating may  lead  to  obesity  (see  later).  Thus,  nutritional  counseling  should  be  offered  to ischemic stroke patients, especially those harboring multiple ischemic stroke risk factors.
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Obesity  is  associated  with  well-established  risk  factors  for  ischemic  stroke 

including hypertension and diabetes. While there are no studies showing that weight reduction  is  beneficial  in  reducing  stroke  risk  per  se,  weight  reduction  lowers  blood pressure and blood glucose.9

 

AHA 2006 Recommendation10

In patients with ischemic stroke or TIA, weight reduction to a goal of 18.5–

24.9 kg m −2 Body Mass Index is recommended.

 

17.4.44.  Obstructive sleep apnea (OSA)

OSA  has  been  increasingly  recognized  as  a  condition  which  coexists  with,  and 

may  actually  cause  or  exacerbate,  other  medical  disorders,  including  hypertension, pulmonary  hypertension,  diabetes  mellitus,  and  gastroesophageal  reflux  disease.77 OSA is characterized by repetitive episodes of upper airway obstruction during sleep, during  which  arterial  oxygen  levels  may  decrease  and  carbon  dioxide  levels  may increase. Awakening during these episodes is associated with resumption of respira-tion and transient elevations in blood pressure.

OSA  and  risk  of  stroke  are  strongly  associated,  and  OSA  prevalence  is  high  in 

patients  with  acute  ischemic  stroke.78  OSA  may  increase  stroke  risk  indirectly  by exacerbating  systemic  hypertension  or  directly  through  effects  on  the  cerebral  vas-culature.  It  is  hypothesized  that  hypercapnea  and  hypoxia  during  apneic  episodes may  over  time  affect  cerebral  vasoreactivity  and  cause  endothelial  dysfunction  and platelet activation. Whether use of continuous positive airway pressure (CPAP) affects stroke risk, recovery or mortality after stroke is currently under investigation. CPAP should be used cautiously in acute stroke patients, especially in those who are at risk of aspiration.

 

17.4.45.  Oral contraceptives (OCP)

OCP are associated with increased stroke risk.49, 79 The level of risk at any one 

time in any one patient may be influenced by: formulation (estrogen or progestin or combination; specific dose and type of estrogen or progestin); duration of use; current vs. remote use; and associated conditions (see later).

1.  Stroke risk probably results from OCP-related hypercoagulable state, hyperten-

sion, and/or alteration of lipid metabolism.

2.  Mechanisms of cerebral ischemia with OCP.

(a)  Venous thrombosis and embolism.

●      Paradoxical embolism. ●      Cerebral sinus or venous thrombosis.

(b)  Arterial thrombosis.

Related to hypertension and/or alteration of lipid metabolism.

3.  Level of ischemic stroke risk with OCP use79.

(a)  Definitions.

●      High-dose estrogen: ≥50 µg. ●      Low-dose estrogen: <50 µg.

(b)  Role of progestin OCP.

●   Conflicting stroke risk data for estrogen- and progestin-containing 

OCP.

●   Possibly lower risk with progestin-only OCP compared to estrogen-

only or combined OCP.

(c)  Ischemic stroke rates in women of child-bearing age.

●      Compiled from meta-analyses.
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Ischemic stroke risk with oral contraceptive use 79

Incidence of ischemic stroke

Women of child-bearing age without OCP use      4.4/100,000

Women of child-bearing age using OCP            8.5/100,000

NNH = 1 ischemic stroke/24,000 women 

treated with OCP

 

4.  Conditions elevating stroke risk in OCP users include hypertension, cigarette 

smoking, migraines, and age >35 years old.

5.  Prescribing guidelines for OCP.

(a)  Several professional organizations including World Health Organization 

and the AHA have released OCP-prescribing guidelines.

(b)  The  American  College  of  Obstetrics  and  Gynecology’s  (ACOG)  Practice 

Bulletin  (2006)  presents  a  comprehensive,  measured  approach  to  pre-

scribing OCP on a case-by-case basis to women with coexisting medical 

conditions which elevate stroke risk.80.

 

17.4.46.  Patent foramen ovale (PFO)

The relationship between cardiac septal abnormalities and cerebral ischemia is 

controversial.  Of  septal  abnormalities  found  in  adults,  PFO  is  the  most  common,12 and  a  higher  incidence  of  PFO  in  young  patients  with  cryptogenic  ischemic  stroke generated  the  hypothesis  that  PFO  is  causal  in  ischemic  stroke.  Recently,  PFO  was also  found  to  be  more  prevalent  in  older  ( ≥55  years  old)  patients  with  cryptogenic ischemic stroke.81 Unfortunately, many physicians have accepted this hypothesis as a proven fact (guilt by association) and have advocated PFO closure as a means of stroke prevention.  PFO  closure  in  patients  with  recurrent  ischemic  stroke  despite  medical therapy is currently under investigation.

1.  Prevalence of PFO81.

(a)  Normal population: 20–25%.

(b)  43.9%  in  patients  <55  years  old  with  cryptogenic  ischemic  stroke  vs. 

14.3% in those with stroke from a known conventional cause.

(c)  28.3%  in  patients ≥55  years  old  with  cryptogenic  ischemic  stroke  vs. 

11.9% in those with stroke from a known conventional cause.

2.  Potential mechanisms of ischemic stroke with PFO.

(a)  Deep venous thrombosis and paradoxical embolism.

●      Rarely proven to be the case in clinical practice.

(b)  Local thrombosis nearby or within the PFO with subsequent embolism.

●   Possibly  increased  by  presence  of  atrial  septal  aneurysm  (ASAN) 

(see Table 17.5).

(c)  Arrhythmia (most likely AF) and subsequent embolism.

●      Possibly increased by presence of ASAN.

3.  Ischemic stroke recurrence with PFO.

(a)  Prospective registry of patients <55 years old with cryptogenic ischemic 

stroke, treated primarily with antiplatelet therapy82.

4.  Management of PFO9.

(a)  Antiplatelet therapy for secondary ischemic stroke prevention.

 

Table 17.5 Ischemic stroke recurrence with patent foramen ovale82

Patients with recurrent ischemic stroke or TIA (%)

1 year          2 years          3 years         4 years

No PFO           3.0              4.7               5.2               6.2

PFO            3.7             4.6              5.6              5.6

PFO + ASAN      5.9              8.0              10.3              19.2
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(b)  Warfarin  sodium  for  patients  with  concomitant  indications  for  anti 

coagulation, e.g., documented hypercoagulable state and/or deep venous 

thrombosis.

(c)  PFO closure may be considered if ischemic strokes recur despite maximal 

medical therapy; otherwise PFO closure should be offered only as part of 

a clinical trial.

 

17.4.47.  Physical inactivity

Risk of ischemic stroke is reduced with moderate physical activity, probably due 

to beneficial effects on blood pressure, weight, and glucose metabolism.

 

AHA 2006 Recommendation10

In  ischemic  stroke  patients,  at  least  30 min  daily,  if  tolerated,  of  physical 

exercise appropriate for each individual patient is recommended.

 

17.4.48.  Sickle cell disease (SCD)

SCD  affects  approximately  70,000  Americans.  There  are  four  common  geno-

types of SCD, with hemoglobin S homozygosity (HbSS) being most frequent in the US. 83  SCD  predisposes  to  both  ischemic  (primarily  in  children)  and  hemorrhagic (primarily in adults) stroke. Up to 22% of children experience silent infarctions: MRI lesions consistent with infarct which appear without concomitant clinical symptoms and signs.84

1.  Incidence of ischemic stroke in SCD85.

(a)  If  transcranial  Doppler  (TCD)  velocity  in  distal  ICA  or  proximal  MCA 

≥       −1 200 cm s in untreated patient: 10–13% per year.

(b)  Overall, 7–11% of children with HbSS will have a stroke.

2.  Mechanisms of ischemic stroke in SCD.

(a)  Increased  blood  viscosity  and  adherence  to  the  endothelium  of  sickled 

cells resulting in occlusion of capillaries.

(b)  Chronic activation of coagulation pathways, including platelet  activation.

(c)  Depletion of nitric oxide with subsequent endothelial dysfunction.

(d)  Progressive obliterative and proliferative vasculopathy.

●   May result in moya-moya syndrome (see Chap 18) characterized by 

distal internal cerebral artery and proximal middle cerebral artery 

stenosis/occlusion with ischemic stroke due to thromboembolism or 

hemodynamic insufficiency.

●   Secondary angiogenesis, usually within the basal ganglia near the 

ICA trifurcation, may predispose to hemorrhage in adulthood.

3.  Primary prevention of ischemic stroke in SCD.

(a)  Transfusion.

●      Distal  ICA/proximal  MCA  TCD  velocity ≥200 cm  s  predicts −1

ischemic stroke risk.

●   Benefit:  92%  reduction  in  stroke  risk  and  normalization  of  TCD 

velocities86.

–  Goal:  Reduce  proportion  of  hemoglobin  S  to  <30%  and  nor-

malize TCD velocities.

●   Risk: May lead to hemosiderosis, venous access difficulty, and other 

complications.

(b)  Hydroxyurea.

●      Increases proportion of fetal hemoglobin (HbF).

–  HbF does not incorporate into HbS polymer (less sickling).

–  Increasing HbF decreases proportion of HbS, which is protec-

tive.

–  Other  beneficial  effects:  Decrease  in  white  blood  cell  count 

and blood rheology; enhanced vascular reactivity.

●      Decreases TCD velocities. ●                                              87 Decreases stroke risk.
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–  Hydroxyurea/phlebotomy: 5.7 strokes per 100 patient-years.

–  Hydroxyurea with transfusion during hydroxyurea titration: 

3.6 strokes per 100 patient-years.

4.  Secondary prevention of ischemic stroke in SCD.

(a)  Transfusion83.

●   Goal:  reduce  hemoglobin  S  to  <30%  of  total  and  increase  total 

hemoglobin to >10 g dL−1.

●   Erythrocytapheresis  (exchange  transfusion)  is  the  treatment  of 

choice acutely.

●   Manual  exchange  transfusions  and  simple  transfusions  may  be 

utilized chronically.

(b)  Hydroxyurea.

(c)  Hematopoietic stem cell transplantation.

●                                                             88 Currently under investigation.

5.  Ischemic stroke recurrence in SCD.

(a)  As high as 23% of patients treated with transfusion.

●   Fifty-seven percent of patients undergoing simple transfusion.

●   Twenty-one percent of patients undergoing exchange transfusion.

 

17.4.49.  Tobacco, smoked

Smoking tobacco-containing cigarettes increases ischemic stroke risk independ-

ent  of  other  risk  factors. 9  This  risk  decreases  to  baseline  five  years  after  smoking cessation.

 

Drugs to help stop smoking: Bupropion and varenicline

Bupropion  SR  (Zyban®,  GlaxoSmithKline,  Research  Triangle  Park,  N.C.) 

has  been  shown  to  effectively  improve  smoking  cessation  rates89,  90  by  its  effect 

on  nicotine  craving.  Standard  dose  is  150-mg  tablets,  1  tablet  once  a  day  for  3 

days, then 1 tablet twice a day for 7–12 weeks. Higher doses should not be used 

for smoking cessation. The patient should follow the instructions in the package 

insert, and quit smoking after being on Zyban for 1 week, to allow a steady-state 

blood  level  to  be  achieved.  Common  side  effects  are  dry  mouth  and  insomnia, 

which are usually self-limited. The most common major adverse effect is seizures, 

particularly in patients with a history of seizures or other conditions which may 

lower the seizure threshold.

Varenicline  (Chantix™  in  the  US  and  Champix®  in  Europe,  Mexico,  and 

Canada; Pfizer, New York, NY) is a partial agonist of the α4β2 subtype of the nico-

tinic acetylcholine receptor, which has been shown to improve smoking cessation 

rates.91,  92  Since  its  introduction  in  2006,  varenicline  has  become  more  popular 

than bupropion because of its better side effect profile and greater effectiveness 

(see Table 17.6). It is, however, more expensive.

Standard  varenicline  dose  is  0.5-mg  tablets,  1  tablet  once  a  day  for  3  days, 

then  1  tablet  twice  a  day  for  4  days,  then  2  tablets  twice  a  day  for  12  weeks.  If 

smoking  cessation  has  not  been  achieved  it  may  be  continued  for  another  12 

weeks. Side effects are uncommon but may include nausea, headache, flatulence, 

and insomnia.90, 93

 

Table 17.6 Varenicline effect in smoking cessation91

Abstinence from smoking at 12 months          OR (CI)

Varenicline vs. placebo                            3.22 (2.43–4.27) Varenicline vs. bupropion                        1.66 (1.28–2.16)

 

AHA 2006 Recommendation10 All smokers with ischemic stroke should be counseled on smoking cessation, 

and smoking-cessation aids including nicotine delivery devices, such as gum and 

patches, and pharmacologic agents should be recommended.
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Abnormalities of cardiac valves may lead to ischemic stroke. Mitral valve prolapse 

(MVP) is the most common valvulopathy in adults and is thought to be a cause of cerebral embolism in rare patients with cryptogenic stroke. MVP may also predispose to bacterial endocarditis. Mitral annular calcification (MAC) may be linked with cardiac conduction abnormalities and is thought to be a risk factor for cardioembolism. Prosthetic mechani-cal valves are extremely thrombogenic and require life-long anticoagulation with warfa-rin sodium. Rheumatic mitral valve disease and other valvulopathies may be associated with atrial fibrillation, dramatically increasing the risk of cardioembolism.

1.  Ischemic stroke risk with valvulopathies9

(a)  Rheumatic  mitral  valve  disease,  recurrent  embolism:  30–65%,  most 

within 6 months of initial event.

(b)  Mechanical prosthetic heart valves: Four percent per year without anti-

coagulation; 1% per year with anticoagulation 94.

(c)  Bioprosthetic valves: One percent per year, risk highest within 3 months 

of valve replacement surgery94.

(d)  MVP, MAC, aortic valve disease: risk is not well defined.

2.  Management of ischemic stroke risk in patients with valvulopathies.

(a)  Rheumatic heart disease.

●                                          95 Primary prevention.

–  With  atrial  fibrillation:  Life-long  warfarin  therapy,  goal 

INR 2–3.

–  With  mitral  or  tricuspid  stenosis  and  sinus  rhythm  with 

enlarged  atrium  or  atrium  with  clot:  Long-term  warfarin 

therapy, goal INR 2–3.

–  Referral for valve repair.

●      Secondary prevention . 9

–  Long-term warfarin therapy, goal INR 2–3.

–  Addition of ASA, 81 mg per day, to warfarin in cases of recur-

rent embolism despite proper warfarin anticoagulation.

(b)  Prosthetic heart valves9.

●      Modern mechanical valves.

–  Life-long anticoagulation with warfarin, goal INR 2.5–3.5.

–  Addition of ASA, 75–100 mg per day, in to warfarin in cases of 

thromboembolism despite proper warfarin anticoagulation.

–  A higher INR goal (3–4.5) may be considered for caged ball or 

disk valves94.

●      Bioprosthetic valves.

–  Primary  prevention:  If  mitral  bioprosthetic  valve,  oral  anti-

coagulation to goal INR 2–3 for 3 months after surgery, then 

ASA 325 mg per day if in sinus rhythm; same approach may 

be considered for aortic bioprosthetic valves. 94.

–  Secondary prevention: Long-term warfarin therapy, goal INR 

2–3.

(c)  MAC,  MVP,  aortic  valve  disease:  Consider  antiplatelet  therapy  in  the 

setting of TIA or ischemic stroke9.

 

17.4.51.  Vasculitis

The vasculitidies are inflammatory vasculopathies. CNS vasculitis may be asso-

ciated  with  a  systemic  vasculitis;  it  can  be  primary,  i.e.,  isolated  to  the  CNS;  or  it can be related to a connective tissue disease or another systemic disease process.96, 97 Vasculitidies can be classified according to many schemes, including size of predomi-nantly involved blood vessels (small, medium, or large) or type of pathologic process (necrotizing, immune complex-mediated, granulomatous, etc.).

Classification of selected primary systemic vasculitidies98

Vessel size                      Pathophysiology                 Examples

Large (aorta, large arteries)       Granulomatous vasculitis          Giant cell arteritis

Takayasu arteritis

(continued)
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Medium (arteries, arterioles)      Necrotizing arteritis                Polyarteritis nodosa

Small (arterioles, capillaries,       Vascular immune  complexes       Lupus vasculitis

venules, veins)

Rheumatoid vasculitis

Rare vascular immune  Wegener’s granulomatosis

complexes

Churg–Strauss syndrome

 

CNS involvement with vasculitis generally presents with a prolonged and progres-

sive  functional  decline,  encephalopathy,  seizures,  and  cerebral  ischemic  and  hemor-rhagic  lesions.96,  97  Although  “vasculitis”  is  often  invoked  when  interpreting  cerebral angiograms showing features characteristic of inflammatory vasculopathy, it is impor-tant to keep in mind that the diagnosis of CNS vasculitis cannot be made solely on the basis of angiography. Vasculitis is a pathologic diagnosis; and in the absence of a tissue diagnosis, appropriate clinical history, physical exam findings, CSF, and other labora-tory values, along with appropriate imaging. 99 are required to make the diagnosis.

1.  Systemic vasculitis.

(a)  Giant cell arteritis (aka temporal arteritis, Horton’s disease, Hutchinson-

Horton disease).

●      Characteristics.

–  Most common primary vasculitis in adults >50 years old.

–  Perivascular inflammation leads to intimal hyperplasia, usu-

ally without thrombosis.

–  Largely  extracranial  involvement,  but  20–50%  can  present 

with vision loss or ischemic stroke100.

–  Headache  is  most  common  symptom;  occurs  in  65–75%  of 

patients101.

–  Scalp  tenderness  and  jaw  claudication  may  occur  and  are 

highly suggestive of the diagnosis.

●      Associated findings.

–  Elevated erythrocyte sedimentation rate (ESR); normal ESR 

may not be meaningful if clinical suspicion is strong 102.

●      Diagnostic criteria (3 of 5 required)   . 101

–  Age of onset ≥50. –  New onset or new type of headache.

–  Temporal artery tenderness or attenuated pulsation.

–  Westergren ESR >50 mm h−1. –  Positive temporal artery biopsy 98.

●      Management.

–  Immune suppression with corticosteroids.

–  Antithrombotic  therapy  may  be  considered  in  patients  with 

ischemic stroke 100.

(b)  Takayasu arteritis (aka pulseless disease).

●      Characteristics.

–  Involves  aorta  and  branches,  but  intracranial  involvement 

may occur.

–  Media and adventitia thickening leads to stenosis and occlusion.

–  Neurologic  symptoms  are  usually  transient  (TIA),  although 

cerebral infarcts can also occur103.

●      Associated findings.

–  Exacerbation of the disease may be associated with elevations 

in ESR.

●      Diagnostic criteria (3 of 6 required)   . 104

–  Age <40 years at onset.

–  Extremity claudication.

–  Decreased brachial artery pulse.

–  >10-mmHg blood pressure difference between arms.

–  Bruit over subclavian artery. 

–  Abnormal arteriogram.

●      Management.

–  Immune suppression with corticosteroids.

–  Cyclophosphamide,  azathioprine,  methotrexate,  or  others 

may be necessary.
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(c)  Polyarteritis nodosa (PAN).

●      Characteristics.

–  Most common of the necrotizing vasculitidies.

–  Features destruction of the vessel wall and aneurysm forma-

tion.

–  Organs involved include brain, nerves, skeletal muscle, heart, 

and kidney.

–  Microangiopathic  brain  involvement  is  more  common  than 

medium cerebral vessel vasculitis105.

●      Associated findings.

–  Hepatitis may be present.

–  Peripheral  nerve  involvement  is  usually  a mononeuropathy 

multiplex  (scattered,  asymmetric  involvement  of  nerves  at multiple sites).

●      Diagnostic criteria (3 of 10 required)   . 106

–  Weight loss ≥4 kg. –  Livedo reticularis.

–  Testicular tenderness.

–  Myalgias, weakness, leg tenderness.

–  Mono- or polyneuropathy.

–  Diastolic blood pressure >90 mmHg.

–  Elevation of blood urea nitrogen or creatinine.

–  Hepatitis B surface antibody or antigen positive.

–  Arteriogram with visceral artery aneurysms or occlusion.

–  Biopsy showing granulocytes, or granulocytes and monocytes 

in the artery wall.

●      Management.

–  Immune suppression with corticosteroids.

–  Cyclophosphamide,  azathioprine,  methotrexate,  or  others 

may be necessary.

(d)  Wegener’s  granulomatosis  (aka  necrotizing  granulomatosis  with  poly-

angiitis).

●      Characteristics.

–  Necrotizing vasculitis.

–  Granulomatous infiltration of the respiratory tract and necro-

tizing glomerulonephritis.

●      Associated findings.

–  Presence of circulating antineutrophil-cytoplasmic antibodies 

(cANCA).

–  Generalized disease: in addition to lung and kidney involve-

ment,  manifests  with  arthritis,  palpable  purpura,  neu-

ropathy,  and rarely  cerebral  infarction  (infracts  may  be due  to  nonbacterial  thrombotic  endocarditis  or  cerebral 

vasculitis).107

●      Diagnostic criteria (2 of 4 required).108

–  Oral ulcers or purulent or bloody nasal discharge.

–  Chest X-ray showing nodules, infiltrates, or cavities.

–  Microhematuria or red cell casts in urine.

–  Biopsy  with  granulomatous  inflammation  within  or  around 

artery or arteriole.

●      Management.

–  Immune suppression with corticosteroids.

–  Cyclophosphamide,  azathioprine,  methotrexate,  or  others 

may be necessary.

(e)  Churg–Strauss vasculitis (aka allergic granulomatous angiitis).

●      Characteristics.

–  Necrotizing vasculitis.

–  Respiratory system involvement.

–  Rare cerebral infarction due to eosinophilic cerebral vasculitis.109

●      Associated findings.

–  Eosinophilia, pulmonary infiltrates, nasal polyps, skin rash, 

and GI disturbances.

●      Diagnostic criteria (4 of 6 required)      . 110, 111

–  Asthma.

–  Peripheral eosinophilia >10% of total white blood count.

–  Peripheral neuropathy due to vasculitis.

–  Transient pulmonary infiltrates.
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–  Paranasal sinus abnormalities.

–  Biopsy shoving eosinophils around blood vessels.

●      Management.

–  Immune suppression with corticosteroids.

–  Cyclophosphamide,  azathioprine,  methotrexate,  or  others 

may be necessary.

2.  Primary  CNS  vasculitis  (aka  CNS  angiitis,  CNS  granulomatous  angiitis,  pri-

mary angiitis of the CNS, isolated angiitis of the CNS)96, 112, 113.

(a)  Characteristics.

●   Involvement  of  cortical  and  leptomeningeal  vessels,  usually  small 

arteries.

●      Segmental granulomatous angiitis. ●      T-cell mediated process.

(b)  Clinical features112.

●   Slight male predominance (4M:3F), onset usually in middle age.

●   Presentation  typically  subacute,  evolving  over  weeks  to  months 

with  headache,  cognitive  decline,  encephalopathy,  seizures,  focal 

neurologic deficits.

(c)  Diagnostic criteria112.

●      Definite.

–  Brain biopsy showing perivascular granulomatous infiltrates.

●      Possible.

–  Arteriogram with vascular beading.

–  Neurologic decline for at least three months.

–  Increased CSF protein and leukocyte count 

a. Exclusion of other diseases.

●   Brain  biopsy:  Although  cortical  and  leptomeningeal  biopsy  may 

sometimes be negative (due to missing inflammatory foci with the 

biopsy needle), it is important to perform it, especially if the patient is declining and cyclophosphamide therapy is being contemplated, as biopsy may provide an alternate diagnosis such as intravascular 

lymphoma.

(d)  Management.

●   Immune suppression with corticosteroids; in some cases cyclophos-

phamide may be necessary.

3.  Secondary CNS vasculitis96, 97.

(a)  Vasculitis associated with CNS infections.

●      Characteristics.

–  Inflammatory exudates around arteries result in fibrosis and 

constriction  or  direct  vascular  infection/invasion  results  in 

lumenal stenosis.

●      Selected infections associated with CNS vasculitis.

– Meningovascular syphilis (aka Heubner’s arteritis) involving 

small and medium-sized vessels.

– Basilar meningitis with M.tuberculosis or fungi involving the 

basilar artery and pontine perforators.

–  Bacterial meningitis with involvement of pial vessels.

–  Varicella zoster vasculitis.

 

Varicella Zoster Vasculitis

Reactivation of latent varicella zoster virus (VZV) usually occurs in patients >60 

years old and may or may not cause the characteristic dermatomally distributed 

rash.  In  immunocompetent  hosts,  VZV  reactivation  in  the  trigeminal  ganglia 

may sometimes be followed several weeks later by ischemic stroke. Pathologically, 

cerebral  ischemia  is  due  to  a  granulomatous-necrotizing  vasculitis  of  cerebral 

arteries:  usually  the  internal  carotid  artery,  middle  cerebral  artery,  or  anterior 

cerebral artery. In immunocompromised hosts, VZV reactivation may result in a 

small vessel vasculitis and concomitant encephalitis and/or myelitis.114

 

●      Diagnosis of CNS vasculitis associated with infections.

–  Evaluation  of  CSF,  including  white  cell  count,  red  cell 

count, protein glucose, gram stain and culture, specific viral 

polymerase chain reaction (PCR) tests, acid-fast stain, India 
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ink fungal stain, cryptococcal antigen, VDRL as well as bacte-

rial, fungal, and tuberculosis culture.

–  Brain  magnetic  resonance  imaging:  cerebral  infarction  or, 

less frequently, hemorrhage.

–  Cerebral angiography.

–  Brain biopsy.

●      Management of CNS vasculitis associated with infections.

–  Treatment of underlying infection using appropriate antibiot-

ics at CNS doses.

–  Concomitant corticosteroids.

(a)  Dexamethasone  started prior  to  first  dose  of  antibiotic 

in  community-acquired  bacterial  meningitis  improves 

outcome.115.

(b)  Steroids used together with antiviral therapy have been 

used  in  VZV  vasculitis  and  may  be  helpful  in  other 

similar conditions 114.

(b)  CNS vasculitis associated with connective tissue diseases.

●      Characteristics.

–  Inflammatory exudates around arteries result in fibrosis and 

constriction result in lumenal stenosis.

●   Selected connective tissue disorders associated with CNS vasculitis.

–  Systemic  lupus  erythematosus  (SLE):  Autoimmune  inflam-

matory disease which involves multiple organs.

 

Systemic Lupus Erythematosus (SLE)

Although cerebral vasculitis is frequently invoked as a cause of cerebral infarction 

in  SLE,  it  is  relatively  rare.  A  seminal  study  of  pathologic  specimens  from  SLE 

patients  showed  that  true  vasculitis  with  intramural  inflammation  was  present 

only in 3 of 24 cases.116 Other, more common, causes of cerebral ischemia in SLE: 

noninflammatory cerebral vasculopathy; antiphospholipid antibody syndrome (see 

Coagulopathy section); cerebral microangiopathy due to hypertension; and cardi-

oembolism due to Libman-Sacks endocarditis (see Endocarditis section).117, 118

 

–  Rheumatoid  arthritis  (RA):  A  multisystem  disorder  which 

can affect the brain by causing a lymphocytic pachymeningi-

tis and arteritis.

–  Sjogren’s  Syndrome:  Characterized  by  keratoconjunctivitis, 

xerostomia, and a PAN-like vasculitis which may involve mul-

tiple organs including the brain; associated with the presence 

in  the  blood  of  Ro  ([SS]-A)  and  La  ([SS]-B)  antibodies,  the 

detection of which can aid with diagnosis.

●      Diagnosis of connective tissue diseases.

–  Clinical and historical evidence of a connective tissue disease.

–  Laboratory  evaluation  appropriate  for  suspected  condition, 

including serum rheumatoid factor (RA); SS-A, SS-B antibod-

ies  (Sjogren’s);  antinuclear  antibody,  anti-DNA  antibodies 

(SLE), and others.

●      Management of connective tissue diseases.

–  Disease specific, usually involving immunosuppression.

(c)  CNS vasculitis associated with drug use 119.

●      Characteristics.

–  Necrotizing arteritis, similar to PAN.

●      Specific selected agents.

–  Amphetamines:  Use  may  be  related  to  cerebral  hemorrhage 

or ischemia in the setting of angiographically suggested and 

histologically proven vasculitis.

–  Cocaine.

Cocaine and Stroke

Cocaine  administration  by  any  route  predisposes  to  ischemic  and  hemorrhagic 

strokes. Acute hypertension is thought to be related to hemorrhage especially in 

the setting of chronic hypertensive vasculopathy or in patients harboring intracra-

(continued)
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nial aneurysms. Chronic hypertensive vasculopathy, microangiopathy, and acute 

vasospasm  are  thought  to  relate  to  ischemic  stroke  risk.  Intravenous  use  can 

also predispose to endocarditis. Unlike in cases of amphetamine-related cerebral 

vasculitis, true cerebral vasculitis in chronic cocaine use has not been frequently 

demonstrated.119

 

–  Heroin  and  other  opioids:  Vasculopathy  leading  to  cerebral 

ischemia has been observed, although histological proof of an 

inflammatory  etiology  is  lacking120;  endocarditis  is  another common etiology of cerebral ischemia with heroin use.

●      Diagnosis.

–  History, physical exam (needle tracks), urine drug screen.

●      Stroke prevention.

–  Abstinence from drug use.

(d)  CNS vasculitis associated with other selected systemic diseases.96, 97

●   Behcet’s  disease:  Characterized  by  oral  and  genital  ulcers,  and 

iritis; the associated vasculitis may involve the brain; treatment is 

of the underlying disease.121.

●   Paraneoplastic  cerebritis:  Perivascular  inflammation  has  some-

times been associated with cerebritis; treatment is of the underly-

ing malignancy.

●   Lymphoma: An associated CNS vasculitis similar to primary CNS 

vasculitis has been observed; treatment is of the underlying malig-

nancy.

 

17.4.52.  Vasoconstriction (aka vasospasm)

The generic term vasoconstriction or vasospasm implies functional contraction of 

vascular smooth muscle cells. The term implies reversibility, but the length of time dur-ing which the vessel is in spasm may be variable, from seconds to days. In neurology, the  term vasospasm  usually  refers  to  the  entity  observed  in  patients  7–14  days  after aneurysmal  subarachnoid  hemorrhage.  Postsubarachnoid  hemorrhage  vasospasm  is characterized by initial functional arterial contraction resulting in lumenal narrowing, followed by progression to actual structural changes within the arteries: intimal prolif-eration with progressive lumenal narrowing and, subsequently, necrosis of the tunica media. In a subset of patients, these vascular changes lead to cerebral ischemia: 5–10% of hospitalized patients with aneurysmal subarachnoid hemorrhage will die from cer-ebral vasospasm. Subarachnoid hemorrhage and vasospasm are discussed in Chap. 13. Other conditions associated with cerebral vasoconstriction are discussed later.

1.  Call–Fleming  syndrome  (aka  reversible  cerebral  constriction,  benign  cerebral 

angiopathy, postpartum cerebral angiopathy).122, 123

(a)  Characteristics.

●      The majority of patients are female; prevalence is low. ●      Presentation  is  with thunderclap  headache  mimicking  subarach-

noid  hemorrhage;  seizures,  nausea,  vomiting  may  accompany  the 

headache.

●   Acutely, CT is usually normal and lumbar puncture shows no abnor-

mality;  cerebral  angiography  reveals  diffuse  arterial  lumenal  nar-

rowing, sometimes mimicking angiographic findings of vasculitis.

(b) Associated conditions, possibly precipitating factors.

●      Sympathomimetic and serotonergic drugs. ●      Migraine.

●   Pregnancy/puerperium (aka postpartum cerebral angiopathy).

(c) Diagnosis.

 

Differentiating Call–Fleming syndrome and CNS Angiitis clinically

Call–Fleming syndrome                   Primary CNS Angiitis

Female predominance                      Slight male predominance

Acute presentation                           Subacute presentation
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Thunderclap headache                      Chronic headaches

Normal sensorium                        Altered sensorium

Normal CSF                             Abnormal CSF

MRI may be normala                       MRI most likely abnormal

Abnormal cerebral angiogram               Cerebral angiogram may be normal

Reversible in 4–12 weeks Requires prolonged immunosuppressive therapy

aIn 13 patients, abnormalities included white matter changes (3 patients); infarct (4 patients); sub-arachnoid hemorrhage (1 patient); and intracranial hemorrhage (2 patients)123

 

(d)  Treatment: No controlled trial data available.

●   In a review of 16 patients, the following therapies were used with 

very good outcomes123.

–  No specific therapy.

–  Calcium channel blockers (usually verapamil).

–  Course of corticosteroids (<6 months).

–  Cytotoxic drugs (minority of patients).

●   Currently, a short course of steroids with or without calcium chan-

nel blockers is usually prescribed based on anecdotal experience.124

●   If  focal  neurologic  deficits  develop:  Hypervolemic  therapy,  hemo-

dynamic  augmentation,  or  balloon  angioplasty  may  be  options  in 

select patients.

(d)  Prognosis.

●   In the majority of patients, the course is benign, with resolution of 

symptoms and angiographic findings over weeks 123.

●   Ischemic  and  hemorrhagic  strokes  may  occur;  however,  they  usu-

ally do not result in major disability.

2.  Other entities invoked as causes of transient cerebral vascular spasm include: 

drugs  of  abuse,  direct  vascular  stimulation  during  neurosurgical  or  neuroen-

dovascular procedures, hypertensive emergency, and migraines.

 

17.5.      Acute ischemic stroke: Clinical 

presentation

 

Cerebral  ischemia  (and,  thus,  neurologic  signs  and  symptoms)  may  be  revers-

ible  if  the  lesion  causing  decreased  cerebral  blood  flow  is  treated  expeditiously, before  brain  tissue  infarcts.  The  clinical  presentation  of  acute  cerebral  ischemia  is variable from patient to patient with respect to the evolution of symptoms over time (temporal  classification)  as  well  as  specific  constellations  of  symptoms  (syndromic classification).

In  a  recent,  prospectively  collected  database  of  >2,000  patients  with  ischemic 

stroke, 51% of lesions were located in the middle cerebral artery territory, 13% in typi-cal small vessel territories, 11% in the brainstem, 9% in more than one territory, 7% in the posterior cerebral artery territory, 5% in the anterior cerebral artery territory, and 4% in the cerebellum.125

 

17.5.1.     Temporal classification

Some aspects of the temporal classification of cerebral ischemia are now obsolete; 

however, understanding the temporal pattern of symptom evolution is helpful in hypoth-esizing  about  the  mechanism  of  cerebral  ischemia  and,  most  importantly,  preventing impending or ongoing ischemia, secondary cerebral injury, and systemic complications of  cerebral  ischemia.  If  a  patient  experiences  a  focal  neurologic  deficit  followed  by complete  remission  of  symptoms,  and  the  deficit  is  thought  to  be  ischemic  in  nature, i.e.,  TIA  the  patient  should  be emergently  evaluated,  rather  than  dismissed  because he/she  experienced just  a  TIA.  This  kind  of  patient  may  have  a  high  stroke  risk  (see Acute  Ischemic  Stroke:  Patient  Evaluation –  Selection  of  TIA  Patients  for  Emergent 
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With the emergence of MRI techniques with high sensitivity for cerebral ischemia, 

the clinical diagnoses of TIA and acute ischemic stroke can be readily correlated with imaging.  It  turns  out  that  many  TIA  patients  have  evidence  of  infarction  on  DWI imaging  in  the  setting  of  completely  resolved  neurologic  deficit.126  Fundamentally, this finding supports the contention that remitting and persisting deficits in patients, if ischemic in nature, should be treated seriously and equivalently. To reflect this, a clinical term which combines TIA and acute ischemic stroke has been suggested: acute ischemic cerebrovascular syndrome 127 .

1.  Transient ischemic attack (TIA).

(a)  Acute onset of focal neurologic dysfunction of vascular (ischemic) origin 

usually lasting for several minutes and completely remitting.

●   Original definition from 1975 was: “cerebral dysfunction of ischemic 

nature lasting no longer than 24 h with a tendency to recur,”128 but subsequently it became apparent that the majority of TIAs last well 

under 1 h126.

●   Symptoms  occur  either  because  of  embolization,  local  thrombosis, 

or hypoperfusion and remit because of spontaneous clot lysis and/

or  increased  systemic  blood  pressure  resulting  in  better  cerebral 

perfusion through collaterals or severely stenotic artery.

●   Differential diagnosis of transient neurologic dysfunction: Cerebral 

ischemia, migraine, seizure, postictal paralysis, conversion disorder.

●   Prognosis in TIAs is discussed in the “Selection of TIA Patients for 

Emergent Cerebrovascular Evaluation” section.

●   Transient global amnesia (TGA) has sometimes been classified as 

a TIA, although its etiology remains a controversial topic.

 

Transient Global Amnesia (TGA)

TGA  is  characterized  by  sudden  onset  of  anterograde  amnesia  in  association 

with  repetitive  questioning  such  as  “where  am  I?”  and  “what  are  we  doing?” 

usually  in  middle-age  individuals.  There  are  no  additional  neurologic  deficits, 

and  the  syndrome  spontaneously  remits,  typically  in  a  matter  of  minutes  to 

hours. In the majority of patients, TGA never recurs. TGA patients do not have 

an increased incidence of vascular risk factors, and precipitating events such as 

sexual  intercourse,  pain,  hot  shower,  or  physical  activity  have  been  sometimes 

documented. 129

Various hypotheses have been proposed to explain the etiology of TGA, includ-

ing  transient  ischemia,  spreading  depression,  seizures,  and  venous  congestion. 

The venous congestion mechanism has gained in popularity recently, although it is 

most likely that TGA has different causes in different subsets of patients. 129–132

 

2.  Crescendo TIA.

(a)  Repeated episodes of stereotyped transient focal neurologic dysfunction of 

ischemic origin, usually recurring over hours, days, or sometimes weeks.

(b)  Possible mechanism of symptoms and remissions.

●   Repeated  embolizations  from  an  unstable  proximal  (large  vessel) 

plaque with spontaneous clot lysis.

●   Repeated  bouts  of  hemodynamic  insufficiency  in  the  setting  of 

severely stenotic proximal vessel.

●   Repeated  local  thrombosis  and  spontaneous  lysis  in  a  small,  pen-

etrating vessel (see “Lacunar Syndromes” section).

3.  Reversible ischemic neurologic deficit (RIND).

(a)  Transient  focal  neurologic  dysfunction  of  ischemic  origin  lasting  more 

than 24 h but resolving completely by 3 weeks.

●      This term is no longer used in current clinical practice.

4.  Stroke in evolution.

(a)  Progression (worsening) of focal neurologic deficits over hours or days, 

in  the  acute  period,  without  return  to  premorbid  baseline  or  early 

recovery.

●                                                                                 133 Occurs  in  approximately  30%  patients;  see “Acute  Ischemic 

Stroke:  Treatment  –  Prevention  and  Management  of  Neurologic 

Complications” section.
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5.  Completed stroke.

(a)  Maximal,  fixed  focal  neurologic  deficit  without  remission  in  the  acute 

period;  the  deficit  may  decrease  with  time  and  rehabilitation  due  to 

synaptic reorganization and other mechanisms of neurorepair.

 

17.5.2.  Syndromic classification: Large vessels

Constellations of neurologic signs and symptoms suggest anatomic and vascular 

localization of a CNS lesion. Vascular supply to the brain is generally stereotyped (see Chap.  1)  and,  therefore,  vascular  compromise  begets  specific  patterns  of  neurologic dysfunction.  Specific  signs  accompanying  focal  neurologic  dysfunction  (e.g.,  carotid bruit or Horner syndrome) may corroborate hypothesized location of a vascular lesion (Fig. 17.3).

Cerebral  large  vessel  syndromes  are  related  mostly  to  atherosclerotic  throm-

boembolic  disease  (discussed  in  Chaps.  18  and  19).  Involvement  of  the  most  distal branches of the major circulations discussed later may give rise to watershed infarc-tions,  while  involvement  of  the  deep,  penetrating  branches  may  give  rise  to  small 

[image: ]

 

Fig. 17.3 The Homunculus. Dark gray area corresponds to the ACA territory; light gray 

area is the MCA territory. Since the lower extremity is functionally represented in corti-

cal tissue perfused by the ACA, infarction of the ACA is likely to result in leg weakness. 

Similarly, the face and the arm are represented in cortical tissue supplied by the MCA 

and will be preferentially affected by infarction of the distal MCA.
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1.  Internal carotid artery (ICA).

(a)  General.

●      If Circle of Willis is complete, it gives rise to.

–  Anterior cerebral artery (ACA).

–  Middle cerebral artery (MCA).

–  Anterior choroidal artery (AChA).

●      Supplies the majority of the cerebral hemispheres. ●   Occlusion in extracranial (cervical) or intracranial portion is possible.

●   Proximal  cervical  or  intracranial  occlusion  may  be  asymptomatic, 

depending on collateral circulation and rapidity of occlusion.

●   Clinical manifestation of occlusion may be a TIA (may be recurrent), 

stepwise deficits, progressive deficits, or sudden, fixed deficits.

(b)  Clinical ICA syndromes.

●      Transient monocular blindness (aka amaurosis fugax).

 

Transient monocular blindness

Acute  onset  of  painless  monocular  visual  loss  usually  described  as  a shade  or 

curtain being drawn or circumferential constriction, typically resolving in seconds 

to minutes. The etiology is probably an embolism to the ophthalmic artery from 

a carotid artery plaque, although hemodynamic insufficiency from a high-grade 

carotid stenosis is also possible.

●      Limb-shaking TIA (aka limb-shaking syndrome).

Limb-Shaking TIA

Episodes  of  rhythmic  or  arrhythmic  involuntary  movements  of  the  hand,  arm, 

leg, or any combination thereof. The movements have been described as jerking, 

twitching,  tremulous,  trembling,  and  uncoordinated.  There  is  no Jacksonian 

march  (stereotyped  spread  of  dysfunction  from  the  face  to  the  arm  and  then  to 

the  leg  or  in  the  opposite  direction),  and  the  face  is  usually  not  involved.  The 

movements  can  last  for  a  few  minutes  and  may  occur  upon  arising  from  a  sit-

ting  or  lying  position.  The  etiology  is  thought  to  be  cerebral  hypoperfusion  of 

the ACA–MCA watershed region due to a hemodynamically significant proximal 

carotid artery plaque.135

 

●      Variable presentation featuring.

–  MCA syndromes (see later).

–  ACA-MCA Watershed Syndrome (see later).

–  Complete ICA Syndrome combining complete MCA and ACA 

syndromes.

(c)  Findings associated with ICA ischemic syndromes.

●      Seizures.

–  More  likely  with  involvement  of  cortical  gray  matter  (e.g., 

distal or complete MCA syndromes)136.

–  Seizure rate with ischemic stroke is approximately 5% across 

all vascular territories.

●                              137, 138 Carotid bruit.

–  Prevalence: 6.4%             Horner syndrome

in  men  and  women 

>60  years  old  with    Miosis (small pupil) systolic  hyperten-

sion, without previ-    Ptosis (eyelid droop) ous stroke.             Forehead anhidrosisa (lack of sweating)

–  General  marker  of 

atherosclerosis.       aAnhidrosis may be absent if the lesion is 

–  Sixty-nine  percent distal to the carotid bifurcation because 

of carotid bruits cor- interruption of the common or external carotid 

relate with internal artery sympathetic fibers is necessary to carotid stenosis.      produce anhidrosis
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–  Presence of bruit may reflect external carotid turbulence.

–  Absence of bruit is nondiagnostic, e.g., no bruit is evident with 

complete  occlusion.

●      Horner Syndrome.

–  Related to a structural lesion of the internal carotid which dis-

rupts the sympathetic fibers traveling alongside it.

–  Dissection or fibromuscular dysplasia of the internal carotid 

artery may present with Horner Syndrome.

2.  Anterior choroidal artery (AChA).

[image: ]

(a)  General.

●      Originates from ICA. ●      Supplies     posterior 

limb  of  the  internal 

capsule,     thalamic radiations,  optic  tract 

and  radiations,  and 

lateral     geniculate body.

●      Clinical    manifesta-

tion  of  occlusion  may 

be  a  TIA  (may  be 

recurrent),  stepwise    Fig. 17.4 Anterior choroidal artery territory. deficits,  progressive 

deficits, or sudden, fixed deficits (Fig. 17.4).

(b)  Clinical AChA syndromes.

 

Anterior choroidal artery occlusion

Involved structure                                 Neurologic finding

Pyramidal tract fibers in the posterior limb           Contralateral hemiparesis

of the internal capsule

Superior thalamic radiations in the posterior         Contralateral hemisensory loss

limb of the internal capsule

Optic tract, lateral geniculate body, and/or  Homonymous hemianopsia or various other 

optic radiations                                       visual field deficits

 

●      Unilateral AChA occlusion.

–  Common  syndromes:  pure  motor  syndrome,  pure  sensory 

syndrome, or ataxic hemiparesis.

–  Rare  syndromes:  hemineglect  or  apraxia  (if  nondominant 

lesion) or language disturbance (if dominant lesion).

●      Bilateral AChA occlusion.

–  Pseudobulbar affect.

–  Mutism, lethargy, neglect.

–  Facial diplegia, bilateral arm and leg weakness/sensory loss.

3.  Anterior cerebral artery (ACA).

[image: ]

(a)  General.

●      Arises  from  the 

ipsilateral ICA.

●      Sometimes  both 

ACAs  arise  from 

one carotid artery 

or the A1 segment 

on  one  side  may 

be hypoplastic.

●      Supplies  anterior       Fig. 17.5 Anterior Cerebral Artery Territory. 

corpus  callosum    Hatched area corresponds to deep ACA perfo-and  parasaggital    rators; solid black areas indicate the remaining cortex (Fig. 17.5).                         ACA territory.
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●   Gives  rise  to  the  artery  of  Heubner  (aka  medial  lenticulostriate 

artery) which supplies anterior limb of the internal capsule.

●   Presentation varies with site of occlusion (proximal vs. distal) and 

the robustness of Willisian collateral circulation.

●   Clinical manifestation of occlusion may be a TIA (may be recurrent), 

stepwise deficits, progressive deficits, or sudden, fixed deficits.

(b)  Clinical ACA syndromes.

 

Anterior cerebral artery occlusion

Involved ACA branch      Involved structure          Neurologic finding

Hemispheric                 Parasaggital motor cortex      Contralateral lower extremity 

weakness, with possible involve-

ment of the shoulder

Callosal                         Anterior corpus callosum       Left arm apraxiaa (anterior 

disconnection syndrome); may 

have contralateral lower extrem-

ity sensory loss

Artery of Heubner             Anterior limb of the internal      Contralateral weakness of face 

capsule and arm without sensory loss

aIncapacity to produce purposeful voluntary movement in the absence of sensory or motor deficit

 

●      Additional findings with ACA occlusion.

–  If dominant hemisphere, transcortical motor aphasia (see later).

–  Dysarthria, hypophonia.

–  Abulia (impairment of performance of voluntary actions and/

or inability to make decisions), memory impairment, urinary 

incontinence (especially if bilateral involvement).

–  Transient  mild  hemiparesis,  dysarthria,  behavioral  deficit 

(caudate nucleus infarct).

4.  Middle Cerebral Artery (MCA) (Fig. 17.6).

(a)  General.

●      The largest branch of the ICA. ●   Supplies majority of cerebral hemispheres and basal ganglia.

●   Most  common  site  of  intracranial  vascular  occlusion:  Involved  in 

>50% of all ischemic strokes.

●   Presentation  varies  with  location  of  occlusion  (stem  or  proximal 

MCA  vs.  superior  division  vs.  inferior  division  vs.  lenticulostriate 

perforating arteries) and the extent of collateral circulation.

●   Clinical manifestation of occlusion may be a TIA (may be recurrent), 

stepwise deficits, progressive deficits, or sudden, fixed deficits.

(b)  Clinical MCA syndromes.

●      Complete MCA Syndrome.

–  Contralateral hemi-

plegia.

[image: ]

–  Contralateral hemi-

anesthesia.

–  Contralateral 

homonymous 

hemianopia.

–  Contralateral 

visual or sensory 

neglect.

–  Gaze deviation and 

gaze paresis.

(a)  “Patient looks 

at the lesion”.     Fig. 17.6 Middle cerebral artery terri-

–  Apraxia.             tory. Hatched area corresponds to deep –  If  dominant  hemi- MCA perforators (thalamostriates); solid 

sphere.               black areas indicate the remaining MCA 

(a)  Aphasia139.                       territory.
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-                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            or 

peri-

oper

location                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              perisylvian                                                                                                                                                                                                                                                temporal,                                                                                                                                                                                                                                                 striatum

perisylvian

Lesion 

Frontoparietal                                                                                                     culum                                                                                                                                            Inferoposterior                                                                                                     sylvian                                                                                                                                            Large                                                                                                                                             Posterior                                                                                                                                                                                                                                                 Parietal,                                                                                                     thalamus                                                                                                                                            Frontal, 

 

iting                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      be                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 be 

Wr                                                                                                                                                                          Poor                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Poor                                                                                                                                            May                                                                                                     spared                                                                                                                                            Poor                                                                                                                                                                                                                                                May                                                                                                     spared

 

spared                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                spared

Reading                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      be                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 be 

Poor                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Poor                                                                                                                                            May                                                                                                                                                                                                                                                 Poor                                                                                                                                                                                                                                                May 

 

Fluency                                                                                                                                                                                                                                                                                                                                                                                                                          (Nonsensical)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            (Nonsensical)

Poor                                                                                                                                                                                                                                                Intact                                                                                                                                                                                                                                                 Poor                                                                                                                                            Intact                                                                                                                                                                                                                                                Intact                                                                                                                                                                                                                                                 Poor

features

lassification

c

Clinical 

Aphasia 

Comprehension

Intact                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Poor                                                                                                                                            Intact                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Intact

 

Repetition

Poor                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Poor                                                                                                                                            Poor                                                                                                                                                                                                                                                Intact                                                                                                                                                                                                                                                Intact

 

Naming                                                                                                                                                                          Poor                                                                                                                                                                                                                                                Poor                                                                                                                                                                                                                                                Poor                                                                                                                                            Poor                                                                                                                                                                                                                                                Usually                                                                                                     intact                                                                                                                                            Usually                                                                                                     intact

y

type                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  ernicke)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            sensor                                                                                                                                                                                                                                                motor

(Broca)                                                                                                                                                                                                                                                (W

Aphasia 

Expressive                                                                                                                                                                                                                                                 Receptive                                                                                                                                                                                                                                                 Global                                                                                                                                            Conduction                                                                                                                                                                                                                                                Transcortical                                                                                                                                                                                                                                                 Transcortical 
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Gerstmann syndrome

Agraphia (inability to write)

Finger agnosia (inability to recognize/name fingers)

Acalculia (inability to calculate)

Right–left confusion

 

(b)  Gerstmann  Syndrome:  lesions  in  the  angular  and 

supramarginal gyri.

– 8. If nondominant hemisphere.

(a)  Anosognosia (ignorance of the presence of disability).

(b)  Dressing apraxia.

(c)  Impaired spatial skills.

(d)  Impaired prosody (intonation).

(e)  Acute confusional state.

●   Deep  MCA  Syndrome:  Infarction  of  territory  supplied  by  lateral 

lenticulostriate perforating arteries affecting the head of the cau-

date, anterior limb of the internal capsule, and putamen.

–  Contralateral hemiparesis (primarily upper extremity).

–  Aphasia, apraxia, neglect, inattention.

●   Superficial MCA Syndromes: Infarction of cortical and subcortical 

regions  supplied  by  distal  branches  of  the  MCA  with  sparing  of 

lenticulostriate  perforators;  may  involve  the  superficial  anterior 

(superior) territory or superficial posterior (inferior) territory.

Superficial middle cerebral artery syndromes

Superior (anterior)                        Inferior (posterior)

Contralateral face and arm weakness and         Contralateral homonymous hemianopia

sensory loss

Gaze deviation and gaze paresis: patient           Contralateral visual or sensory neglect

“looks at the lesion”

Broca’s Aphasia (dominant hemisphere) Gerstmann Syndrome (dominant hemisphere)

Wernicke’s Aphasia (dominant hemisphere)

–  Additional findings in superficial MCA syndromes, especially 

in  nondominant  hemisphere:  anosognosia,  dressing  apraxia, 

impaired  spatial  skills,  impaired  prosody,  acute  confusional 

state.

5.  Posterior Cerebral Artery (PCA) (Fig. 17.7).

(a)  General.

●      Paired PCAs arise from basilar artery bifurcation. ●      Supplies  the  midbrain, 

thalamus,  and  occipital 

[image: ]

and temporal cortex.

●      Clinical  manifestation 

of  occlusion  may  be  a 

TIA (may be recurrent), 

stepwise  deficits,  pro-

gressive deficits, or sud-

den, fixed deficits.

●      Artery of Percheron.

–  Arises  from  the 

P1 segment of the 

PCA.

–  Occlusion  results 

in  bilateral  tha-     Fig. 17.7 Posterior cerebral artery terri-lamic    ischemia     tory. Hatched area corresponds to deep and coma.           PCA perforators; solid black areas indi-

(b)  Clinical PCA syndromes. cate the remaining PCA territory.

 

612                  17.5. Acute ischemic stroke: Clinical presentation                                                      ACUTE ISCHEMIC STROKE

● Hemispheric PCA branches.

–  Contralateral homonymous hemianopia, sparing the macula.

●      Bilateral involvement of hemispheric PCA branches.

–  Balint  Syndrome:  bilateral  parieto-occipital  lesions  (includ-

ing watershed infarcts).

 

Balint syndrome

Visual simultanagnosia (inability to recognize the meaning of the whole even though the  meaning 

of the individual parts is understood)

Optic ataxia (impaired visually guided reaching and depth perception)

Gaze apraxia (inability to shift gaze on command)

Decreased visual attention

–  Cortical blindness with preserved pupillary reflexes.

–  Anton  Syndrome  (aka  denial  of  blindness):  bilateral  medial 

occipital lesions.

Anton Syndrome

cortical blindness

lack of awareness of blindness

confabulation about what is “seen”

–  Bilateral homonymous hemianopia.

–  Visual hallucinations.

–  Visual agnosia.

–  Color agnosia.

–  Prosopagnosia (inability to recognize faces).

–  Delirium.

–  Confusion.

–  Amnesia.

●      Callosal PCA branches, dominant hemisphere.

–  Alexia without agraphia (aka pure word blindness): lesion in 

inferior splenium of the corpus callosum and medial occipital 

lobe).

–  Color anomia.

–  Object anomia.

–  Contralateral homonymous hemianopia.

●      Thalamic branches of the PCA.

–  Pure hemisensory syndrome.

–  Sensorimotor syndrome.

–  Dejerine–Roussy Thalamic Syndrome.

 

Dejerine–Roussy thalamic syndrome

Contralateral vasomotor disturbance

Contralateral dysesthesia (thalamic pain)

Contralateral sensory loss

Transient contralateral hemiparesis

Involuntary choreoathetoid or ballistic movements

–  Abulia, apathy, disorientation, aphasia if dominant side, alien 

hand, and neglect if non dominant (anterior thalamus).

–  Somnolence, memory loss (paramedian thalamus).

●   PCA  occlusion  can  sometimes  simulate  MCA  occlusion;  in  one 

series 17.8% of PCA infarcts mimicked MCA infarcts 140–142.
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Posterior cerebral artery occlusion simulating middle cerebral artery occlusion

Clinical manifestation                              Lesion location

Contralateral hemiparesis (face, arm > leg) Cerebral peduncle or posterior limb of the 

internal capsule

Contralateral hemisensory loss                    Ventral Posterior Thalamic Nucleus

Contralateral hemineglect Centromedian/parafascicular thalamic nuclei

Homonymous hemianopia                    Striate cortex or geniculate body

Gaze palsy                                      Midbrain

Aphasia (if dominant side) Ventral lateral or pulvinar thalamic nuclei

●   Midbrain  branches  of  the  PCA:  note  that  the  midbrain  is  also 

supplied by branches from the BA, SCA, posterior communicating 

artery, and anterior and posterior choroidal arteries).

–  Weber Syndrome.

 

Weber syndrome

Lesion location             Neurologic findings

Fascicle of CN III               Ipsilateral pupil-involving CN III palsy Cerebral peduncle            Contralateral hemiplegia (face-arm-leg)

 

–  Midbrain  Syndrome  of  Foville:  Weber  Syndrome  plus  conju-

gate gaze palsy to the opposite side.

–  Benedikt Syndrome.

 

Benedikt syndrome

Lesion location                       Neurologic Findings

Red nucleus Contralateral involuntary movements (tremor, athetosis or chorea)

Fascicle of CN III               Ipsilateral pupil-involving CN III palsy

 

–  Nothnagel syndrome.

 

Nothnagel syndrome

Lesion location               Neurologic Findings

Superior cerebellar peduncle           Contralateral cerebellar ataxia Fascicle of CN III                         Ipsilateral pupil-involving CN III palsy

 

–  Claude syndrome: A combination of Benedikt and Nothnagel 

Syndromes  featuring  contralateral  asynergia,  ataxia,  dys-

metria,  tremor  (superior  cerebellar  peduncle  and  red 

nucleus), and ipsilateral pupil-involving CN III palsy ( fascicle 

of CN III).

–  Parinaud  syndrome  (aka  dorsal  midbrain  syndrome,  pretec-

tal  syndrome,  Sylvian  aqueduct  syndrome,  Koeber–Salus–

Elsching  Syndrome):  Most  often  seen  with  hydrocephalus 

or  pineal  region  tumors,  but  can  rarely  be  observed  with 

infarcts.
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Parinaud syndrome

Vertical gaze paralysis

Abnormalities of convergence

Paralysis of accommodation

Convergence–retraction nystagmus

Light-near pupillary dissociation

Lid retraction (aka Collier’s sign)

Skew deviation

–  Internuclear ophthalmoplegia: May be unilateral or bilateral

–  Wall-eyed bilateral internuclear ophthalmoplegia.

–  Peduncular  hallucinosis:  Visual  hallucinations,  usually  very 

vivid and colorful, involving formed human figures.

–  Top  of  the  Basilar  Syndrome:  Results  in  variable  degree  of 

infarction  of  the  midbrain,  thalamus,  pons,  and  temporal 

and  occipital  lobes  usually  secondary  to  embolus  traveling 

through  the  basilar,  and  lodging  and/or  fragmenting  at  the 

PCA origin.

 

Top of the basilar syndrome

Disturbance of consciousness

Disturbance of memory

Pathologic laughter

Abnormal eye movements including gaze palsies, skew deviation

Pupillary abnormalities

Visual disturbances including Balint & Anton Syndromes

Peduncular hallucinosis

Hemi- or quadriparesis and sensory loss

 

6.  Basilar Artery (BA) (Fig. 17.8).

(a)  General.

●      Arises from the joining of the two vertebral arteries. ●   Supplies  the  pons  and  cerebellum,  and  bifurcates  into  the  PCAs 

which supply the midbrain, thalamus, and occipital and temporal 

cortex.

●      Clinical manifestation of occlusion 

may  be  a  TIA  (may  be  recurrent), 

[image: ]

stepwise deficits, progressive defi-

cits, or sudden, fixed deficits.

●      While majority of ischemic lesions 

in the brainstem are due to intrin-

sic  perforator  (lacunar)  disease, 

BA  thrombosis  or  cardioembolism 

is  one  of  the  most  devastating 

diseases:  occlusion  of  multiple 

pontine  perforating  arteries  can 

result  in  the  Locked-in  Syndrome 

in which the patient is awake but 

unable  to  move  or  communicate 

aside  from  blinking  and  vertical 

eye  movements;  occlusion  of  the 

top  of  the  basilar  can  result  in 

the  Top  of  the  Basilar  Syndrome 

with  coma  secondary  to  bilateral 

thalamic involvement.               Fig. 17.8 Basilar artery territory.
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(b)  Clinical BA syndromes.

●      Top of the Basilar Syndrome. ●      Penetrating pontine branches.

–  Ventral  pontine  syndromes:  pure  motor  hemiparesis,  dys-

arthria-clumsy  hand,  ataxic  hemiparesis  (see  Lacunar 

Syndromes section).

–  Paramedian pontine syndromes: variable dysarthria, ataxia, 

hemiparesis, pseudobulbar palsy (if bilateral involvement).

–  Locked-in syndrome (bilateral ventral pontine infarcts).

 

Locked-in syndrome

Quadriparesis

Aphonia

Paralysis of horizontal eye movements

No disturbance of consciousness

Communication may be possible through vertical eye movements and eye blinking

 

(c)  Other classical pontine syndromes, sometimes observed with infarction.

●      Ventral pons.

–  Raymond  Syndrome:  ipsilateral  lateral  rectus  paresis  (CN 

VI  fascicles)  and  contralateral  hemiplegia  sparing  the  face 

(pyramidal tract).

●      Dorsal pons.

–  Foville  syndrome:  contralateral  hemiplegia  (corticospinal 

tract),  ipsilateral  peripheral  facial  palsy  (nucleus  and/or 

fascicle  of  CN  VII),  and  gaze  palsy  to  the  lesioned  side,  i.e., 

“patient looks away from the lesion” (CN VI and/or parame-

dian pontine reticular formation [PPRF]).

–  Raymond–Cestan  syndrome:  ipsilateral  ataxia  (cerebellum), 

contralateral  sensory  loss  (spinothalamic  tract  and  medial 

lemniscus),  and  sometimes  contralateral  hemiparesis  (corti-

cospinal  tract)  or  paralysis  of  conjugate  gaze  toward  lesion 

(PPRF).

●      Lateral pons.

–  Marie-Foix Syndrome: ipsilateral cerebellar ataxia (cerebel-

lar  connections),  contralateral  hemiparesis  (corticospinal 

tract), contralateral hemisensory loss (spinothalamic tract).

7.  Superior cerebellar artery (SCA) (Fig. 17.9).

(a)  General.

●   Paired SCAs arise from the distal segment of the basilar artery.

●   Supplies  the  dorsal  surface  of  the  cerebellar  hemisphere  and  ver-

mis,  dentate  nucleus,  middle  and  superior  cerebellar  peduncles, 

and lateral pons.

[image: ]

●      Clinical    manifesta-

tion  of  occlusion  may 

be  a  TIA  (may  be 

recurrent),  stepwise 

deficits,  progressive 

deficits,  or  sudden, 

fixed deficits.

●      Accounts  for  35%  of 

all cerebellar infarcts.

(b)  Clinical SCA syndromes.

●      Dorsal  cerebellar  inf-

arction.                     Fig. 17.9 Superior cerebellar artery  territory.
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Superior cerebellar artery syndromes

Lesion location                        Neurologic findings

Vestibular nuclei                                   Vertigo, nausea, vomiting

Medial longitudinal fasciculus and cerebellar       Nystagmus

connections

Descending oculosympathetic fibers              Ipsilateral Horner Syndrome

Superior cerebellar peduncle and cerebellum Ipsilateral ataxia and/or intention tremor

Lateral lemniscus                                Ipsilateral deafness

Lateral spinothalamic tract Contralateral trunk and extremity hemisensory 

loss

Pontine tectum                                 Contralateral CN IV palsy

[image: ]

8.  Anterior  inferior  cerebellar  artery  (AICA) 

(Fig. 17.10).

(a)  General.

●      Paired  AICAs  arise  approxi-

mately  1 cm  above  the  basilar 

artery origin.

●      Supplies anterior surface of cere-

bellar hemisphere, flocculus, lat-

eral pontomedullary tegmentum.

●      Clinical manifestation of occlusion 

may be a TIA (may be recurrent), 

stepwise deficits, progressive def-

icits, or sudden, fixed deficits.

●      Accounts  for  5%  of  all  cerebellar 

infarcts.

(b)  Clinical AICA syndromes.

●      Ventral cerebellar infarction.            Fig. 17.10 Anterior inferior 

 cerebellar artery territory.

Anterior inferior cerebellar artery syndromes

Lesion location                        Neurologic findings

Trigeminal spinal nucleus and tract                Ipsilateral facial sensory loss

Vestibular nuclei                                   Vertigo, nausea, vomiting, nystagmus

Lateral pontomedullary tegmentum              Ipsilateral deafness and facial paralysis

Lateral spinothalamic tract Contralateral trunk and extremity hemisensory 

loss

Descending oculosympathetic fibers              Ipsilateral Horner syndrome

Middle cerebellar peduncle and cerebellum       Ipsilateral ataxia

9.  Posterior    Inferior    Cerebellar 

[image: ]

Artery (PICA) (Fig. 17.11).

(a)  General.

●      Arises  from  intracra-

nial portion of the ver-

tebral artery.

●      Supplies       lateral 

medulla,  inferior  ver-

mis, inferior cerebellar 

hemisphere.

●      Clinical  manifestation 

of  occlusion  may  be 

a  TIA  (may  be  recur-

rent), stepwise deficits, 

progressive  deficits,  or       Fig. 17.11 Posterior inferior cerebellar sudden, fixed deficits.                   artery territory.
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● Accounts for 40% of all cerebellar infarcts.

(b)  Clinical PICA syndromes.

●      Lateral medullary and inferior cerebellar infarction.

 

Posterior inferior cerebellar artery syndrome (Lateral Medullary [Wallenberg] 

Syndrome)

Vestibular nuclei                           Vertigo, nausea, vomiting

Inferior cerebellar peduncle and cerebellum      Ipsilateral ataxia

Nucleus ambiguus                           Dysphagia, dysarthria

Descending oculosympathetic fibers             Ipsilateral Horner Syndrome

Trigeminal spinal nucleus and tract               Ipsilateral facial sensory loss

Spinothalamic tract Contralateral trunk and extremity hemisensory 

loss

Dorsal middle medulla                          Hiccups

Pons                                   Diplopia

 

10.  Vertebral Artery (VA).

(a)  General.

●   Clinical manifestation of occlusion may be a TIA (may be recurrent), 

stepwise deficits, progressive deficits, or sudden, fixed deficit.

(b)  Clinical VA syndromes.

●   Medial  Medullary  Syndrome  (aka  Dejerine’s  Anterior  Bulbar 

Syndrome); note that the medulla is also supplied by the anterior 

and posterior spinal arteries, PICA, and BA.

 

Medial medullary syndrome

Lesion location                   Neurologic findings

CN XII                               Ipsilateral tongue paresis

Pyramid                           Contralateral hemiparesis Medial lemniscus                     Contralateral loss of position, vibration sense Nucleus intercalates                    Upbeat nystagmus

11.  Watershed territories (border zones).

(a)  General.

●   Definition  of  watershed:  territory  supplied  by  the  distal-  most 

branches of the major cerebral circulations.

●   Mechanism  of  infarction:  hemodynamic,  although  embolism  to 

the  watershed  areas,  as  well  as  local  thrombosis  in  the  setting  of 

decreased flow, is possible.

●   Bilateral or unilateral syndromes are possible: asymmetry results 

from  pre-existing  unilateral  vasculopathy  with  stenosis,  making 

the downstream territory more susceptible to hypotension.

(b)  Clinical syndromes.

●      ACA-MCA-PCA watersheds.

–  Bilateral  parieto-occipital  infarcts  with  visual  field  deficits 

(lower  altitudinal),  difficulty  in  visually  judging  distance, 

cortical blindness, and/or optic ataxia.

●      ACA-MCA watersheds.

–  Bilateral  brachial  sensory  and  motor  deficit,  sparing  lower 

extremities  and  shoulders,  eventually  confined  to  the  hands 

and forearms, i.e., a variation of the “person in a barrel” syn-

drome.

●      MCA-PCA watershed.

–  Bilateral parieto-temporal infarcts with difficulties in reading 

and calculations, cortical blindness, or memory impairment.
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Cerebral small vessel vasculopathy is also referred to as cerebral microangiopa-

thy, penetrating (or deep) artery disease, small vessel disease, subcortical white matter disease, or lacunar disease. Long-standing multiple risk factor-related damage to the endothelium  of  small  cerebral  arteries  results  in  lipohyalinosis  (degeneration  of  the tunica  media  and  adventitia  and  subsequent  fibrosis).  Eventually  local  thrombosis and occlusion of the vessel may occur, giving rise to an infarct in the territory of the affected small vessel. Another mechanism of local thrombosis is atherosclerotic plaque at arterial branch points, i.e., origins of the penetrating vessels. Patients at risk for lacunar  ischemic  disease  are  also  at  risk  for  intracerebral  hemorrhage  in  the  same anatomic locations, which can present with similar neurologic signs.

1.  Lacune.

(a)  Small 0.5–15 mm diameter ischemic cerebral infarct.

(b)  Territory of small-diameter-penetrating artery to deep brain structures.

(c)  Typical locations, in descending order of frequency.

 

Locations of lesions causing lacunar syndromes (lacunes)

Putamen

Basis pontis

Thalamus

Posterior limb of internal capsule

Caudate nucleus

Anterior limb of the internal capsule

Subcortical white matter (corona radiata)

Cerebellar white matter

Corpus callosum

 

2.  Lacunar syndromes.

 

Lacunar syndromes

Pure motor hemiparesis

Pure sensory syndrome

Ataxic hemiparesis

Dysarthria-clumsy hand syndrome

 

(a)  Pure motor hemiparesis or hemiplegia.

●      Unilateral face-arm-leg weakness +/- dysarthria. ●      Absence of cortical signs. ●   Typical lesion locations: internal capsule, corona radiata, basis pontis.

(b)  Pure sensory syndrome.

●      Unilateral face-arm-leg numbness +/− paresthesias. ●      Absence of cortical or motor signs. ●      Typical lesion locations.

–  Thalamus (ventroposterolateral nucleus) .

–  Corona radiata .

–  Pontine tegmentum (medial lemniscus).

●      A small cortical lesion may also cause this syndrome.

(c)  Dysarthria-clumsy hand syndrome.

●   Lower extremity weakness, incoordination of the upper and lower 

extremity, usually no facial weakness.

●      Absence of cortical signs. ●      Typical lesion locations.

–  Internal capsule.

–  Basis pontis.
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●   A  superficial  anterior  cerebral  artery  lesion  can  also  cause  this 

syndrome.

(d)  Ataxic hemiparesis.

●   Unilateral  facial  weakness,  tongue  deviation,  dysarthria,  dys-

phagia, fine motor hand weakness, Babinski sign.

●      Absence of cortical signs. ●      Typical lesion locations.

–  Basis pontis.

–  Internal capsule.

 

17.5.4.     Clinical stroke classification schema

Several  clinical  classification  schemas  have  been  developed,  primarily  for  clini-

cal  research  and  quality  of  care  applications.  The  TOAST  Diagnostic  Classification is  based  on  the  suspected  mechanism  of  cerebral  ischemia  and  separates  patients with  ischemic  stroke  into  five  groups:  large  artery  atherosclerosis,  cardioembolism, small vessel occlusion (lacunar disease), other determined etiology, and undetermined etiology.143 The Oxfordshire Community Stroke Project Classification assigns the sus-pected arterial territory based on the clinical syndrome: TAC (total anterior circula-tion stroke), LAC (lacunar stroke), PAC (partial anterior circulation stroke), and POC (posterior circulation stroke).144

 

17.6.      Acute ischemic stroke: Patient 

evaluation

 

The  2007  AHA  Guidelines  for  the  Early  Management  of  Adults  with  Ischemic 

Stroke is a Comprehensive, evidence-based document outlining principles and practi-cal goals for the acute treatment of ischemic stroke patients.145 Much of the following discussion, unless otherwise indicated, is based on that reference.

 

17.6.1.  Prehospital assessment of patients with 

acute cerebral ischemia (Stroke or TIA)

The care of the acute stroke patients begins with:

1.  Rapid  identification  of  the  emergent  nature  of  the  complaint  by  prehospital 

emergency dispatchers.

2.  Appropriate  assessment,  identification  of  stroke  as  a  possible  cause  of  the 

patient’s  complaint  and  exam  findings,  stabilization  and  management  by 

Emergency Medical Systems providers.

3.  Rapid  transport  to  the  nearest  Emergency  Department  of  an  institution  that 

provides acute stroke care.

4.  Notification  of  the  receiving  institution  of  the  impending  arrival  of  an  acute 

stroke patient in order to rapidly mobilize resources.

In order to facilitate care of acute stroke patients, the Brain Attack Coalition rec-

ommended that institutions which have the infrastructure to provide care to uncom-plicated  stroke  patients  including  thrombolysis  with  intravenous  tPA  be  designated as Primary Stroke Centers (PSC), and institutions which have the infrastructure for handling  complicated  cases  requiring  endovascular  procedures,  surgical  procedures, or intensive care be designated as Comprehensive Stroke Centers (CSC). Admission to PCS and CSC is thought to improve outcomes in patients with stroke.

 

17.6.2.     Selection of TIA patients for emergent 

 cerebrovascular evaluation

Evaluation  of  TIA  patients,  even  in  the  setting  of  fully  resolved  deficit,  should 

be expedited and geared toward rapidly identifying etiology and modifiable, treatable risk factors in order to prevent symptom recurrence.
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1.  Prognosis during 90 days after emergency department diagnosis of TIA146.

(a)  Stroke: 10.5%.

●      5.3% re-presented within the first 2 days after TIA.

2.  Risk factors associated with stroke recurrence after TIA symptoms146.

(a)  Age >60.

(b)  Diabetes mellitus.

(c)  Symptom duration >10 min.

(d)  Weakness.

(e) Speech impairment.

3.  ABCD2                                                                        147 score for determination of stroke risk within 2 days of TIA.

(a)  Two scores (ABCD and California) had been independently derived to aid 

in  selecting  TIA  patients  with  high  stroke  risk  (these  patients  require 

emergent cerebrovascular evaluation and treatment, usually necessitat-

ing hospital admission).

●      ABCD score predicts risk at 7 days after TIA symptoms. ●   California score predicts risk at 90 days after TIA symptoms.

(b)  ABCD2, a new, unified score based on the aforementioned aspects, was 

derived.

●      ABCD  score  (Age;  Blood  pressure;  Clinical  features;  Duration; 2

Diabetes).

 

ABCD2 score

Clinical feature Weight (points)

A    Age ≥60                                   1

B    First assessment blood pressure after TIA systolic ≥140 or     1

diastolic ≥90 mmHg

C    Clinical features of TIA

Unilateral weakness                                          2 Isolated speech impairment                                  1

D    Duration of TIA

≥60 min                                               2 10–59 min                                              1

E     Diabetes                                         1

 

Stroke risk based on the ABCD2 score

Stroke risk,           Stroke risk,          Stroke risk, 

ABCD 2 score         2 days (%)          7 days (%)        90 days (%)

0–3 (Low risk)            1.0                      1.2                      3.1

4–5 (Moderate risk)       4.1                      5.9                      9.8

6–7 (High risk)            8.1                      11.7                     17.8

 

17.6.3.     Emergency department evaluation 

of acute ischemic stroke patients

Patients  with  acute  stroke  symptoms  should  be  evaluated immediately  by  indi-

viduals  trained  in  the  assessment  and  management  of  acute  stroke  patients.  The goal is to complete the evaluation, identify candidates for intravenous tPA, and start treatment within 60 min, i.e., door-to-needle time ≤60 min.145

1.  Assess and stabilize the ABCs, obtain vital signs including oxygen saturation.

2.  Assess  neurologic  deficit,  perform  brief  general  examination  to  identify  any 

acute co-morbid conditions.

3.  Determine time of symptom onset and whether patient is a candidate for intra-

venous thrombolysis (see Chap. 9).
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4.  If  not  a  candidate  for  intravenous  thrombolysis,  determine  if  the  patient  is  a 

candidate for endovascular rescue therapies (see Chap. 9).

5.  Rule  out  ischemic  stroke  mimics:  Obtain  noncontrast  head  CT,  bedside  blood 

glucose, basic laboratory tests (see later); in a few patients in whom the etiology 

of symptoms is not clear or specific nonischemic conditions are suspected after 

the  initial  assessment,  perfusion  brain  imaging,  cerebrovascular  assessment 

with  ultrasound  or  angiography,  lumbar  puncture,  or  electroencephalogram 

may be necessary.

 

17.6.4.     General evaluation of patients 

with cerebral ischemia

1.  Initial investigation.

(a)  Laboratory testing to rule out metabolic stroke mimics and identify some 

ischemic  stroke  risk  factors  –  this  is  usually  done  in  the  Emergency 

Department 145.

 

Basic laboratory testing in patients with suspected cerebral ischemia

Laboratory test                             Purpose

All patients

Chemistry profile                                 Identifies metabolic derangements

Complete blood count Suggests infection; identifies polycythemia; 

suggests thrombotic thrombocytopenic 

 purpura or heparin-induced thrombocytopenia

Partial thromboplastin and prothrombin time     Suggests coagulopathy

Cardiac enzymes Identifies recent or ongoing myocardial injury

Selected patients

Urine and serum toxicology Identifies intoxications with drugs or alcohol

Arterial blood gas                                 Identifies hypercarbia or hypoxia

Hepatic function panel and serum ammonia      Identifies hepatic encephalopathy

Pregnancy test                                 Identifies pregnancy in women of child-

bearing age

 

2.  Etiologic investigation.

(a)  Identification  of  conventional  risk  factors  (usually  began  in  the 

Emergency Department and continued after hospital admission).

 

Conventional risk factor evaluation in patients with cerebral ischemia

Risk factor                  Diagnostic approach

Hypertension Elicit history; physical exam and EKG signs; repeat BP meas-

urements

Diabetes mellitus                 Fasting glucose; HbA C 1

Hyperlipidemia                  Fasting lipid profile

Atrial fibrillation 12-lead EKG; continuous telemetry monitoring; Holter monitor

Myocardial infarction              History; 12-lead EKG; serial cardiac enzyme testing

Smoking (tobacco)              Elicit history; physical exam signs; chest x-ray findings

 

(b)  Evaluation of the extracranial and intracranial vasculature, specifically 

to identify cervical carotid disease.
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Evaluation of extracranial and intracranial vasculature in patients with cerebral 

ischemia

Diagnostic test                             Pro & Con

CT angiography (CTA) PRO: rapid; usually readily available 24–7; noninvasive; 

90% accuracy compared to conventional angiography for 

internal carotid disease

CON: iodinated contrast (see Chap. 2)

Magnetic resonance angiography  PRO: no iodinated contrast; noninvasive; may be used 

(MRA)                         without contrast enhancement

CON: lengthy; may not be available 24–7; if performed 

with contrast, may carry risk of gadolinium-related sys-

temic sclerosis in a minority of patients (see Chap. 2); 

turbulence may cause signal drop-out; degree of stenosis 

may be overestimated

Carotid duplex ultrasound             PRO: rapid; noninvasive

CON: operator dependent; compared to conventional angi-

ography, sensitivity and specificity approximately 70%

Transcranial Doppler ultrasound PRO: dynamic assessment; can determine direction of 

collateral flow; rapid; potential for therapeutics; ability to 

continuously monitor for an extended period in real time; 

when combined with “bubble” study may detect clinically 

relevant right-to-left shunts

CON: operator dependent; may not be able to obtain 

temporal windows (10–15% of patients); sensitivity lower 

than conventional angiography 148

Conventional angiography PRO: gold standard; superior resolution; provides collat-

eral vessel assessment

CON: iodinated contrast; may not be available 24–7; 

invasive, carries risk of infarct and other complications 

(1–2%)

 

The  author  of  this  chapter  (AA)  prefers  contrast-enhanced  MRA  and  ultra-

sound  for  the  evaluation  of  the  intracranial  and  extracranial  vasculature  in patients  with  acute  ischemic  stroke.  The  other  authors  of  this  handbook  (JD and  MH)  favor  CTA.  Both  imaging  strategies  have  been  shown  to  provide  useful information in a timely manner, and all three authors of this handbook advise the reader to use whichever imaging technology is the most expeditious, reliable, and interpretable in their hands.

(c)  Identification of cardiac source of embolism in selected patients.

●   Whether  echocardiography  should  be  performed  in  all  ischemic 

stroke  patients  or  reserved  only  for  those  with  cryptogenic  stroke 

has been the subject of extensive discussion in the literature.149–151

 

Echocardiography in patients with cerebral ischemia

Test                                 Pro & Con

Transthoracic echocardiography PRO: noninvasive; good ability to image mitral valve 

and apical region; with “bubble” test, able to detect 

right-to-left shunts

CON: poor visualization of aortic arch and atria

Transesophageal echocardiography PRO: superior ability to assess the aortic arch, valvular 

vegetations, patent foramen ovale; cost effective

CON: invasive; requires sedation (may increase aspira-

tion risk in patients with large infarcts or brainstem 

infarcts)

 

ACUTE ISCHEMIC STROKE                                               17.6. Acute ischemic stroke: Patient evaluation                  623

It  is  the  authors’  practice  to  investigate  cardiac  sources  of  embolism  with  TTE 

with “bubble” test in the majority of patients with cerebral ischemia. The authors use TEE instead of TTE in young patients and patients with cryptogenic, but suspected to  be  embolic,  cerebral  ischemia.  Right-to-left  shunts  can  also  be  identified  using transcranial Doppler ultrasound152, 153

(d)  Identification of less common risk factors in patients with cryptogenic stroke.

●   Detailed  information  on  less  common  risk  factors  and  use  of  spe-

cialized diagnostic tests can be found in the “Acute Ischemic Stroke: 

Conventional  Risk  Factors,  Predisposing  Conditions,  and  Risk 

Factor Modification” section.

Additional investigations in selected patients with cerebral ischemia

Test                   Purpose                  Comments

Erythrocyte sedimentation     General marker of inflam-        May suggest entities such as 

rate (ESR)                   mation                         giant cell arteritis, other vasculi-

tidies, endocarditis, or systemic 

infection

Antinuclear antibody          Marker of connective tissue       May suggest systemic lupus 

(ANA)                    disease                      erythematosus, Sjogren’s syn-

drome, rheumatoid arthritis, 

scleroderma, etc.

Rapid plasma reagin          Screening test for syphilis        May suggest meningovascular 

(RPR)                                              syphilis

Homocysteine              Marker of vascular disease      Although treating elevated homo-

cysteine has not been shown to 

be protective in stroke preven-

tion, treatment with vitamins is 

of low risk and cost

Specialized coagulopathy     Diagnosis of coagulopathies     See “Coagulopathy” section

tests

Lumbar puncture           Evaluation of infectious,          Useful in the diagnostic approach 

inflammatory, or neoplastic  to vasculitis, neoplastic condi-

entities tions such as lymphoma, and 

inflammatory conditions such 

as sarcoid; and for evaluation of 

subarachnoid hemorrhage

Lower extremity              Evaluate for lower extremity      Useful if a right-to-left shunt is 

 ultrasound                    thrombus                        identified and hypercoagulability 

is suspected

 

17.6.5.     Stroke in the young evaluation

Although  cardioembolism  is  the  most  common  cause  of  ischemic  stroke  in 

patients <50 years old, they may still harbor conventional risk factors, and the evalu-ation  should  rule  these  out.  Echocardiography  (preferably  TEE)  should  be  used  to investigate the heart, and the cervical and intracranial vasculature should be evalu-ated for vasculopathy including dissection, moya-moya, and fibromuscular dysplasia. The threshold to evaluate the vasculature with the gold standard, conventional angi-ography, is generally lower in these patients, especially if no conventional risk factors are  identified.  In  patients  with  suggestive  personal  or  family  history,  screening  for hypercoagulability should be performed.

 

17.7.      Acute ischemic stroke: Treatment

 

The goal of acute treatment of cerebral ischemia is rapid reperfusion in patients 

who  present  within  the  therapeutic  window.  The  overall  treatment  paradigm  for patients with ischemic stroke consists of:
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1.  Rapid assessment by a Stroke Team.

2.  Acute thrombolysis in selected patients (see Chap. 9).

3.  Augmentation of cerebral blood flow and oxygen delivery.

4.  Prevention of thrombus extension or re-embolization (i.e., early ischemic stroke 

recurrence).

5.  Neuroprotection.

6.  Prevention and management of neurologic complications.

7.  Prevention and management of general medical complications.

8.  Secondary stroke prevention.

9.  Rehabilitation.

The 2007  AHA  Guidelines  for  the  Early  Management  of  Adults  with  Ischemic 

Stroke is a comprehensive, evidence-based document outlining principles and practi-cal goals for the acute treatment of ischemic stroke patients.145 Much of the following discussion, unless otherwise indicated, is based on it.

 

17.7.1.     Thrombolysis

1.  Recommendations and comments.

a.  Intravenous  thrombolysis  with  tPA  within 3 h  of  symptom  onset  in 

patients meeting specific criteria (see Chap. 9).

b.  Intravenous administration of other thrombolytics is considered investi-

gational and should not be offered outside of clinical studies.

c.  Intra-arterial thrombolysis is an option for patients with major ischemic 

stroke presenting within 6 h of symptom onset, who are not intravenous tPA candidates (see Chap. 9).

d.  Additional  endovascular  approaches  (angioplasty,  stenting,  mechanical 

embolectomy) are being utilized in selected patients in the acute setting, 

but require further investigation.

e.  Approaches  to  augmentation  of  intravenous  thrombolysis  including 

ultrasonography are currently being investigated in clinical trials.154.

 

17.7.2.     Augmentation of cerebral blood flow 

and oxygen delivery

Cerebral perfusion is impaired in acute cerebral ischemia not only due to cessa-

tion or decrease in blood flow due to thrombus or embolus, but also due to endothelial dysfunction, increased blood viscosity, increased red blood cell aggregation, decreased red  cell  deformability,  platelet  activation,  and  elevated  fibrinogen  levels.  Cerebral perfusion may be augmented using the following measures.

1.  Hemodilution and volume expansion

(a)  Benefits.

●      Improved cerebral blood flow and oxygen delivery. ●      Improved collateral flow to the penumbra.

(b)  Risks.

●      Cardiac and pulmonary adverse events.

(c)  Bottom line for the majority of patients.

●   Not  shown  to  reduce  mortality  or  improve  outcome  in  acute 

ischemic stroke.

●   Weight-based maintenance intravenous fluids should be used.

●      Overzealous fluid administration should be avoided. ●   Dehydrated or hypotensive patients may require a greater degree 

of volume resuscitation.

2.  Flat head-of-bed positioning.

(a)  Benefits.

●      Improved collateral flow to the penumbra (region of brain in which 

flow is reduced and metabolic demands are not met but cell death 

has not yet ensued, i.e., a potentially salvageable area if blood flow 

is rapidly restored).155.

(b)  Risks.

●      Respiratory decompensation or aspiration.

(c)  Bottom line for the majority of patients.

Use  acutely  unless  patient  cannot  tolerate  it  due  to  respiratory  dys-

function or high risk of aspiration.
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●   Progressively elevate the head on day 2 if the neurologic deficit is 

stable.

3.  Blood pressure (BP) management

(a)  Acute BP management.

●   Transient elevation of BP is extremely common in acute ischemic 

stroke.

●      Severe hypertension or hypotension correlates with worse outcome 

after ischemic stroke.

●      BP management in acute ischemic stroke is controversial. ●   Ideal  blood  pressure  range  in  the  immediate  aftermath  of  acute 

ischemic stroke is not known.

●      Current  guidelines  allow  liberal permissive  hypertension  in  the 

acute stroke period:.

–  Lower  BP  if ≥220/120 mmHg  and  no  IV  tPA  is  to  be 

 administered.

–  Lower  BP  if ≥180/105  and  patient  received  intravenous  tPA 

(BP  must  have  been  lowered  to ≤185/110 before  treatment with IV tPA).

–  Lower BP if there is end-organ damage, e.g., myocardial inf-

arction, aortic dissection, pulmonary edema, etc..

–  Recommended  agents:  labetalol  boluses  and/or  infusion; 

nicardipine  infusion;  sodium  nitroprusside  infusion  if  BP 

elevation is severe or does not respond to the other agents.

–  If BP lowering correlates with worsening of neurologic deficit, 

therapy should be stopped and BP allowed to rise again.

●      Author’s note.

–  Consider  lowering  BP  in  patients  in  whom  a  large  vessel 

obstruction has been relieved, in order to prevent hyperemia 

and hemorrhagic conversion of ischemic infarct.

(b)  Acute induced hypertension.

●      Benefits (similar to permissive hypertension).

–  Improved cerebral perfusion to the penumbra.

–  Improved neurologic deficit and outcome.

●      Risks (similar to permissive hypertension).

–  End-organ damage, e.g., myocardial infarction.

–  Worsening of cerebral edema.

–  Hemorrhagic conversion of ischemic infarct.

●      Bottom line for the majority of patients.

–  Requires further study.

–  A possible treatment option in special cases in highly selected 

patients.

(c)  Chronic BP management.

●      General principles.

–  BP  reduction  to  normal  levels  reduces  risk  of  recurrent 

ischemic stroke (discussed under Hypertension in the Acute 

Ischemic  Stroke:  Conventional  Risk  Factors,  Predisposing 

Conditions, and Risk Factor Modification section).

–  It  is  not  known  how  aggressively  and  when  after  ictus  BP 

lowering can be safely started.

–  Low-dose  antihypertensive  medications  one  day  after  ictus 

were safe in mild-to-moderate ischemic stroke.

●      Author’s notes.

–  “One-size-fits-all”  approach  is  probably  not  appropriate: 

some patients with hemodynamically significant large vessel 

lesions which cannot be remedied may require a higher blood 

pressure  in  order  to  perfuse  the  brain;  these  patients  may 

still benefit from blood pressure lowering chronically, but in a 

more gradual fashion.

–  A possible approach to BP lowering: if neurologic deficit is stable 

and there is no large vessel stenosis, a low-dose ACE inhibitor 

(unless  contraindicated)  is  started  on  day  2,  and  a  diuretic  is 

added one or two days later if the neurologic exam remains sta-

ble; both drugs are then titrated to achieve normal BP over the 

next several weeks; patients with hemodynamically significant 

large vessel stenosis are approached on a case-by-case basis.

4.  HMG CoA reductase inhibitors (statins).

(a)  Improve collateral flow69 and are currently being investigated as therapy 

in acute ischemic stroke.
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or re-embolization (i.e., Early ischemic 

stroke recurrence) (or: Why heparin 

and other blood thinners should 

be used sparingly)

It makes intuitive sense that medications typically utilized chronically to prevent 

recurrent  stroke  (secondary  stroke  prevention),  i.e.,  systemic  anticoagulants  and antiplatelet  drugs,  may  prevent  thrombus  extension  and/or  re-embolization  in  the acute period of ischemic stroke. However, at this time, available evidence does not sup-port  emergent  anticoagulation,  loading  with  antiplatelet  agents,  double  antiplatelet therapy, or the use of intravenous antiplatelet agents in the setting of acute ischemic stroke.145 Anticoagulation and antiplatelet agents are also not proven as adjuncts to intravenous  or  intra-arterial  thrombolysis,  and  should  not  be  administered  within 24 h  of  thrombolysis.145  Some  experts  suggest  use  of  emergent  systemic  anticoagu-lation  in  specific  patients,  such  as  those  with minor  infarcts  (smaller  likelihood  of hemorrhagic conversion) and potentially large territory at risk in the setting of severe carotid  stenosis,  atrial  fibrillation,  free-floating  intracardiac  or  aortic  arch  throm-bus,  or  basilar  thrombosis. 156  Current  guidelines,  however,  reflect  the  lack  of  data supporting  this  practice,145  and  more  research  is  needed  on  the  efficacy  and  safety of  emergent  aggressive  antiplatelet  therapy  and  acute  systemic  anticoagulation  in selected patients.

 

17.7.4.     Neuroprotection

Many compounds have been observed in preclinical studies in animals (primarily 

rodents) to be neuroprotective in acute ischemic stroke. Disappointingly, most of these compounds have failed in human clinical trials.157 The reasons for such dismal results are multifactoral, from species differences (rodents vs. humans), to trial design and animal model technical flaws. New strategies for preclinical and clinical testing are needed,  and  one  agent  that  is  currently  promising  and  awaits  a  larger  clinical  trial is minocycline 63.

1.  Blood glucose management.

(a)  General158.

●   Ischemic stroke patients may be hyperglycemic in the acute period 

due to underlying diabetes or effects on the hypothalamic-pituitary-

adrenal axis, i.e., the stress response.

●   Hyperglycemia in the acute period after ischemic stroke correlates 

with  worse  neurologic  outcomes  (even  in  patients  treated  with 

thrombolysis) and increased morbidity and mortality.

●   Mechanisms  of  hyperglycemia-related  brain  injury:  pro-  inflam-

matory effects; anaerobic metabolism with tissue acidosis and free 

radical  formation;  blood  brain  barrier  disruption  and  increased 

tissue edema.

●   Hyperglycemia,  rather  than  being  causative,  may  be  a  marker  of 

larger infarcts and higher disease severity.

(b)  Intensive insulin therapy.

●   Benefit: results in lower mortality and morbidity in ICU patients.

–  Surgical  patients, ≥5  days  in  the  ICU:  mortality  decreases 

from 20.2 to 10.6% 159.

–  Medical  patients, ≥3  days  in  the  ICU:  mortality  decreases 

from 52.5 to 43.0% 160.

●   Mechanisms  of  benefit:  blood  glucose  lowering  and  effects  inde-

pendent  of  blood  glucose  lowering  including  vasodilatory,  anti-

inflammatory, and antioxidant actions.

●      Risk: hypoglycemia-related brain injury.

(c)  Insulin therapy in acute stroke patients.

●                                 161 GIST-UK trial.

–  Insulin infusion for 24 h in acute stroke patients.

–  Failed to prove that lowering blood glucose in hyperglycemic, 

nondiabetic patients results in improved outcome.
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–  Several cautions to conclusions: smaller than planned sample 

size;  mild  average  blood  glucose  elevations;  BP  decrement 

more  pronounced  in  the  study  arm;  non  standardized  blood 

glucose control after the first 24 h

●   Bottom line: more randomized, controlled trials of intensive insulin 

therapy in acute ischemic stroke are needed 158.

(d)  Current guidelines for blood glucose control in acute ischemic stroke.

●   Based  on  preclinical  and  observational  human  data,  it  is  reason-

able to propose that patients with ischemic stroke will benefit from 

tight glucose control in the acute period.

●      Blood glucose >140 mg dL in patients with acute ischemic stroke −1

should be treated, but hypoglycemia should be avoided.

●      Author’s notes.

–  Blood glucose control in acute ischemic stroke patients should 

at least mirror the guidelines for other hospitalized patients: For  ICU  <110 mg  dL−1 −1  ;  for  general  ward  90–130 mg  dL  or 

<110 mg  dL−1  preprandial,  depending  on  the  organization determining the guidelines; of note, these guidelines for gen-

eral medical patients are not without controversy162.

–  Patients  with  renal  failure,  low  body  mass,  cachexia,  and 

those  who  are  NPO  should  be  rigorously  monitored  for 

hypoglycemia:  Bedside  blood  glucose  measurements  should 

be performed frequently (every 4–6 h for patients on the ward 

and every 1 h for patients on insulin infusion in the ICU), and 

hypoglycemia should be promptly treated.

(e)  Practical considerations in insulin therapy.

●      Most effective blood glucose control.

–  Insulin infusion (requires ICU admission).

●      Alternative method in patients with mild hyperglycemia.

–  Early use of scheduled long-acting insulin in addition to slid-

ing scale insulin.

–  Sole reliance on sliding scale insulin is not advised163.

2.  Temperature management.

(a)  General.

●   Systemic hyperthermia correlates with worse neurologic outcome.

164

●   Mechanisms of damage: increased metabolic demand, free radical 

generation, disruption of the blood brain barrier, and potentiation 

of excitotoxicity.

●   Although no studies in human patients with acute ischemic brain 

injury  show  improved  outcomes  with  treatment  of  fever,  several 

show worse outcomes with persistent hyperthermia165.

●   It makes intuitive sense to seek the etiology of fever, treat quickly, 

and maintain normothermia.

(b)  Etiology of fever in ischemic stroke patients.

Differential diagnosis of fever in stroke patients

Infection

Urinary tract (especially with indwelling catheter)

Pneumonia (ventilator-associated or aspiration; sometimes may be inflammatory rather than 

infectious, i.e., pneumonitis)

Sinusitis (especially if nasogastric tube is present)

Blood stream (central venous catheter or endocarditis-related)

Ventriculitis/meningitis (especially if intraventricular catheter present; may be aseptic, i.e., 

chemical, in some cases)

Osteomyelitis (in the setting of decubitus ulcers)

Colitis (e.g., Clostridium difficile, especially if history of antibiotic administration)

Cholecystitis, hepatitis, pancreatitis, or peritonitis, etc. (may be inflammatory rather than infec-

tious, especially early in the course)

Abscess

Surgical site infection

Cellulitis
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Venous thromboembolism

Deep venous thrombosis

Pulmonary embolism

Drug fever

Transfusion reaction

Gout

Central fever

Diagnosis of exclusion

 

(c)  Induced mild (34°C) hypothermia.

●   Protective in hypoxic-ischemic brain injury in the setting of cardiac 

arrest.

–  Study  1:  Favorable  outcome:  75/136  (55%)  vs.  54/139  (39%), 

NNT=6166.

–  Study  2:  Favorable  outcome:  21/43  (49%)  vs.  9/34  (26%), 

NNT=4167.

●   Can be used as adjunctive therapy to control elevated intracranial 

pressure168.

●   Outcome studies in traumatic brain injury and ischemic stroke are 

ongoing.

●      Risks: cardiac arrhythmia, coagulopathy. ●      Guidelines.

–  There are insufficient data to recommend generalized use of 

induced hypothermia in acute ischemic stroke patients at this 

time.145

 

17.7.5.     Prevention and management 

of neurologic complications

1.  Neurologic monitoring.

(a)  Treatment  with  intravenous  or  intra-arterial  thrombolysis  usually 

necessitates  observation  in  a  higher  acuity  setting;  some  patients  with 

acute  cerebral  ischemia  who  are  not  candidates  for  acute  thrombolysis 

may require admission to the ICU for other reasons.

 

Selection of patients with cerebral ischemia for ICU admission169

Endotracheal intubation – mechanical ventilation

Hemodynamic instability – vasopressor therapy – invasive monitoring

Intensive blood pressure loweringa

Marginal b neurologic exam – frequent neurologic monitoring

Fluctuating neurologic exam – frequent neurologic monitoring

Acute posterior circulation ischemia

Large infarct at risk for malignant edema

After intravenous thrombolysis

After intra-arterial thrombolysis

Increased nursing requirements

aIn general, blood pressure is not aggressively lowered in the acute period after ischemic stroke, but exceptions include patients with severe blood pressure elevations, end-organ damage, or status post IV or IA thrombolysis (especially with recanalization)

bMarginally responsive patients (GCS 8–9) who may require endotracheal intubation for airway protection or patients with severe dysarthria or dysphagia at high risk of aspiration
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(b)  Approximately 30% of ischemic stroke patients worsen clinically during 

the initial hours to days after ischemic stroke, and the etiology of worsen-

ing may require specific intervention133.

●      Early deterioration (≤72 h post ictus): 80.3% from cerebral causes, 

19.7% from systemic causes170.

●                                                                                                         170 Late deterioration (>72 h): 100% from systemic causes.

 

Worsening neurologic examination after ischemic stroke

Etiology                      Possible interventions

New or ongoing ischemia           Hemodynamic augmentation; thrombectomy (e.g., 

mechanical retrieval); augmentation of medical therapy

Cerebral edema Endotracheal intubation; osmolar therapy; hemicraniectomy 

or suboccipital craniotomy

Hemorrhagic conversion Reversal of coagulopathy (if present); osmolar or surgical 

therapy if with mass effect

Seizure/status epilepticus            Antiepileptic drug therapy

Concurrent systemic illness

Urinary tract infection                Antibiotic therapy

Congestive heart failure              Ionotropic therapy

Pneumonia                     Antibiotic therapy

Myocardial infarction                Medical and/or interventional therapy

Metabolic abnormality              Correction of abnormality

 

2.  Management of cerebral edema and increased intracranial pressure (ICP).

(a) Incidence of cerebral edema.

●   Eight  percent  of  acute  ischemic  stroke  patients,  usually  peaking 

3–4 days from ictus.

(b) Characteristics.

●      Cytotoxic edema, not responsive to corticosteroids. ●      Malignant cerebral edema.

–  May occur as early as one day from onset.

–  Usually  with  complete  MCA  or  ICA  infarction,  especially  if 

NIH-SS  >20;  >2/3  MCA  territory  involved  or  concomitant 

ACA or PCA infarct; or DWI lesion >145 mL.

–  May result in brain herniation and death.

●   In  cerebellar  infarcts,  edema  may  result  in  hydrocephalus  and 

brain stem compression.

(c) Medical management.

●   Depends  on  the  rapidity  of  clinical  deterioration  and  the  overall 

goals of care.

●   Mild cerebral edema without much tissue displacement on head CT 

or MRI.

–  Serum sodium should be 140–145 mEq L −1. –  Arterial pCO2  should  be  within  the  normal  range,  i.e., 

35–45 mmHg.

–  Body temperature should be normal.

–  Compression  of  cerebral  venous  outflow  (jugular  veins) 

should be avoided.

–  Head  of  bed  should  be  elevated  at  30°  to  facilitate  venous 

outflow.

●                                               168 Severe cerebral edema.

–  Hyperventilation to pCO 2 goal of 28–35 mmHg is reasonable 

for the short term while osmolar therapy is being instituted; 

once other therapies are at goal, pCO2 should be gently nor-malized (ideally with concurrent ICP monitoring).

–  Osmolar  therapy  with  hypertonic  saline  (3%  sodium  chloride-

acetate  mix)  with  goal  serum  sodium  of  145–155 mEq  L −1; requires  central  venous  access  and  frequent,  usually  every 

4–6 h,  serum  sodium  monitoring;  continuous  or  bolus  therapy 

can be used.
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–  Boluses of mannitol are an alternative therapy.

–  Caution should be exercised in patients requiring hemodialy-

sis: conventional hemodialysis may increase ICP; continuous 

approaches are preferred 171.

–  Surgical management (see later).

–  Metabolic suppression with barbiturates, thiopental, propofol

or mild hypothermia (temperature goal of 34°C) are options if the patient is not a candidate for surgery.

●      Cerebral herniation   . 168

 

Brain code protocol: treatment of elevated ICP/cerebral herniation

CSF drainage (if intraventricular  Open and/or lower intraventricular  catheter

catheter, aka external ventricular drain,                to facilitate drainage

is present and patent)

Hyperventilation                                Open airway

Hyperventilate: 10–15 rapid bagged breaths; 

when on ventilator, initial pCO goal 28–35, for 2 no longer than 2–3 h; prolonged hypocapnea 

results in tachyphylaxis (adaptation); severe 

degree of hypocapnea may result is decreased 

cerebral perfusion through cerebral vasocon-

striction

Intubate the trachea (if not already intubated)

Osmolar therapy                                                           −1 Osmolar therapy: mannitol 1 g kg IV over 

15–30 min or 23.4% NaCla IV over 15–30 min

Metabolic suppression                                                       b Propofol or thiopental IV injection

Diagnosis                                   STAT head CT

Surgical management                        Neurosurgical evaluation

aAvailable only in specialized Neurointensive Care environments; should be given only through a cen-tral venous catheter by a physician familiar with its use; may result in hypotension if given too rapidly

bShould only be used in ICU setting by a physician familiar with these agents; if given too rapidly or at too high a dose, serious hemodynamic adverse effects can occur (bradycardia and/or hypotension)

–  Can  be  effectively  reversed  provided  it  is  recognized  early, 

managed rapidly, and definitively treated.

(d) Surgical management.

●   Medical therapy may only be a temporizing measure, and surgical 

therapy may be necessary to offer definitive treatment and save the 

patient’s life and neurologic function.

●      Posterior circulation infarction with severe cerebral edema.

–  Insertion of an intraventricular catheter may relieve acute symp-

tomatic hydrocephalus but will not decompress the brain stem.

–  Posterior fossa decompression via suboccipital craniotomy may 

save the patient’s life and minimize injury to the brain stem.

●      Anterior circulation infraction with severe cerebral edema.

 

Outcomes at 12 months in malignant middle cerebral artery infarctions172

Modified Rankin scale grade        Hemicraniectomy           Medical treatment 

(mRS; see later)               (% of Patients)              (% of Patients)

2                           14                         2

3                           29                         19 4                           31                         2 5                            4                          5 6                           22                         71

 

ACUTE ISCHEMIC STROKE                                                      17.7. Acute ischemic stroke: Treatment                  631

–  A pooled analysis of three randomized studies of hemicraniec-

tomy  for  malignant  middle  cerebral  artery  infraction  within 

48 h of ictus was recently performed.172

–  Summary of results:.

(a)  Significantly  fewer  deaths  with  surgery:  NNT  2  for 

survival.

(b)  Significantly fewer survivors with mRS ≥3 at 12 months 

with surgery: NNT 4 for the prevention of mRS > 3.

(c)  Surgery beneficial in patients with and without aphasia.

 

Modified Rankin scale (mRS)

Grade     Description

0        No deficit

1        No significant disability despite symptoms: able to carry out usual activities

2 Slight disability: unable to carry out all previous activities, but looks after own affairs 

without assistance

3        Moderate disability: requires help with activities of daily living but able to walk 

 without assistance

4 Moderately severe disability: unable to walk without assistance and unable to attend 

to bodily needs without assistance

5        Severe disability: bedridden, incontinent, requiring constant nursing care and 

 attention

6        Dead

 

●   Currently,  the  timing  of  surgery  and  patient  selection  should  be 

individualized, but if decompression is to be performed, it should 

be done prior to occurrence of irreversible secondary injury 145, 172.

3.  Management of postischemic stroke seizures.

(a)  Incidence.

●      Two  types  of  poststroke  seizures  are  recognized: early  (occurring 

within 14 days of stroke) and late (occurring after 14 days).

●   In  one  study,  5%  of  patients  presenting  with  stroke  (73%  with 

ischemic stroke) had seizures: 36% were early seizures (25% within 

the first 24 h); 87% of patients had cortical involvement; 50% had at 

least  one  seizure  recurrence;  recurrence  was  related  to  late-onset 

seizure and occipital location of lesion 173.

●                                                                                                            173 Late-onset seizures are more likely to result in epilepsy.

(b)  Management.

●   Prospective  data  are  needed  to  firmly  establish  functional  effects 

of  poststroke  seizures,  although  worsening  neurologic  status  with 

repeated seizures has been observed 136, 173.

●   It is unclear whether a single postischemic stroke seizure requires 

treatment  with  antiepileptic  drugs  (AED),  but  if  patients  are 

treated,  control  can  be  achieved  with  monotherapy  in  most  cases; 

it is generally agreed that patients with recurrent seizures require 

treatment with AED 136.

●   More data are needed regarding appropriate AED for the treat-

ment of poststroke seizures; some agents are neuroprotective in 

animal  studies,  but  some  may  impair  poststroke  recovery  and 

cognition136.

●   While no specific AED for use in poststroke epilepsy can be recom-

mended at this time, the most appropriate drug should be used in 

each individual patient based on the patient milieu, i.e., concurrent 

medical  problems,  degree  of  neurologic  disability,  and  concurrent 

medications.

 

632                  17.7. Acute ischemic stroke: Treatment                                                               ACUTE ISCHEMIC STROKE 17.7.6.  Prevention and management of general 

medical complications

Patients with acute ischemic stroke, especially the elderly, are at risk for many 

general  medical  complications  which  increase  mortality  and  morbidity  and  slow neurologic recovery. Some of these complications can be reduced in frequency by early mobilization; however, in some patients who are dependent on collateral flow during the acute phase, upright posture may worsen neurologic status. These patients should be mobilized less rapidly, but should be turned frequently while in bed (to minimize the  chance  of  decubitus  ulcers)  and  treated  with  prophylaxis  against  deep  venous thrombosis.

1.  Infections (especially pneumonia and urinary tract infection).

(a)  Prevention and management.

●   Pneumonia:  Early  mobilization,  pulmonary  toilet,  early  swallow-

ing  function  assessment;  high  degree  of  vigilance  for  making  the 

diagnosis in the setting of fever; appropriate use of antibiotics.

●   Urinary  tract  infection:  Whenever  possible,  indwelling  urinary 

catheters  should  be  avoided;  high  degree  of  vigilance  for  making 

the diagnosis in the setting of fever; appropriate use of antibiotics.

2.  Deep venous thrombosis (DVT) and pulmonary thromboembolism (PTE).

(a)  Prevalence.

●   Without  prophylaxis,  DVT  can  develop  in  up  to  73%  of  patients 

with hemiplegia; PTE in up to 20% 174.

●   With  medical  prophylaxis,  DVT  developed  in  10–18%  of  patients 

with ischemic stroke who were unable to walk due to lower extrem-

ity motor weakness; PTE developed in up to 1%175.

(b)  Prevention and management.

●      Mechanical.

–  Use  of  graduated  compression  stockings  and  intermittent 

pneumatic  compression  devices  decreases  the  risk  of  DVT/

PTE in a variety of patients, including spinal cord injured and 

neurosurgical perioperative patients.176.

●      Medical.

–  Either  low  molecular  weight  or  unfractionated  heparin  is 

generally used.

–  In ischemic stroke patients, enoxaparin may be more effective 

at  DVT  prevention  than  unfractionated  heparin  (dosed  twice 

daily) at no increased risk of major intracranial hemorrhage but 

increased  risk  of  major  extracranial  hemorrhage;  with  enoxa-

parin,  NNT  (to  prevent  one  venous  thromboembolism)  =  13, 

NNH (to cause one major extracranial hemorrhage) = 173.175.

●      Combination.

–  Addition  of  sequential  compression  devices  to  subcutaneous 

heparin prevents more DVT and PTE in stroke patients than 

heparin alone 177.

3.  Decubitus ulcers (aka pressure sores)178.

(a)  Prevention and management.

●   Early mobilization in patients who can tolerate upright posture.

●      Frequent turning/repositioning in bed-bound patients. ●   Specialized  support  surfaces  which  attenuate  pressure  on  the 

patient’s  skin,  e.g.,  special  mattresses,  mattress  overlays,  or 

dynamic support surfaces.

●      Optimization of nutritional status. ●      Treatment of incontinence. ●      Skin care with moisturizer.

4.  Falls.

(a)  Prevention and management.

●      Nursing measures to avoid falls. ●      Appropriate use of physical restraints. ●   Prevention and treatment of acute confusional states, maintenance 

of normal day–night cycle.

5.  Dehydration.

(a)  Prevention and management.

●      Hydration and nutrition.
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1.  All  patients  with  dysarthria  should  receive  a  swallowing 

evaluation.

2.  Patients in whom swallowing is abnormal may be temporarily 

fed  through  a  nasogastric  tube;  some  patients  may  require 

placement of a percutaneous endoscopic gastrostomy if swal-

lowing function is unlikely to return rapidly145.

6.  Constipation and fecal impaction.

(a)  Prevention and management.

●      Pharmacologic bowel management regimen.

7.  Gastric ulceration (aka stress ulcers).

(a)  Prevention and management.

●   Gastrointestinal  prophylaxis  with  proton  pump  inhibitors  or  his-

tamine H 2 receptor blockers is typically utilized in ischemic stroke patients, especially if they are endotracheally intubated and venti-

lated179.

8.  Neuropsychiatric disorders.

(a)  Prevention and management.

●   Depression:  Occurs  in  up  to  20%  patients  with  stroke  and  should 

be managed with antidepressants appropriate for each individual 

patient180.

●   Delirium:  Avoidance  of  CNS-acting  medications  like  benzodi-

azepines or narcotics; maintenance of normal day-night cycle; high 

degree  of  vigilance  for  making  the  diagnosis;  management  with 

antipsychotic agents if necessary 181.

 

17.7.7.     Secondary ischemic stroke prevention

As discussed in this chapter, all patients with acute ischemic stroke are evaluated 

to determine stroke etiology and risk factors for future events. In general, all patients are screened for modifiable conventional risk factors: hypertension, diabetes mellitus, hyperlipidemia, tobacco smoking, cardiac disease, atrial fibrillation, and extracranial and/or intracranial vasculopathy. A summary of general secondary stroke prevention strategies appears later, while risk factor modification is covered in detail in the “Acute Ischemic Stroke: Conventional Risk Factors, Predisposing Conditions, And Risk Factor Modification”  section.  Extracranial  and  intracranial  atherosclerotic  vasculopathy  are 

Summary of selected secondary ischemic stroke prevention strategies9

Strategy                               Comments

Antiplatelet •   Indicated for atherosclerotic, lacunar, or cryptogenic stroke or TIA 

therapy                      (see also Chap. 18)

•   28% and 16% relative odds reduction in nonfatal and fatal 

ischemic stroke, respectively

•    Current choice of agents: aspirin; clopidogrel; ticlopidine; dipy-

ridamole/aspirin

•   The appropriate dose of aspirin for stroke prevention has not 

been specifically defined, but 325 mg is frequently used in clinical 

practice

•    Agents showing promise: cilostazol and glycoproteinIIb/IIa 

antagonists 182

•   Choice of agents should be individualized, e.g., aspirin is less 

expensive, but clopidogrel or dipyridamole/aspirin may provide 

slightly more risk reduction and different side effect profile

•   Combination therapy with aspirin and clopidogrel may be appro-

priate in patients with acute coronary syndromes, and cardiac or 

cerebrovascular stents

•   There is no evidence that increasing the dose of aspirin or chang-

ing to another antiplatelet agent is helpful in patients who have 

an ischemic event while on antiplatelet therapy, although these 

interventions are frequently used in clinical practice

(continued)
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•    Aspirin resistance is sometimes invoked to explain recurrence 

of cardio- and cerebrovascular events while on therapy; but inad-

equate dose may play a role183

Systemic •   Appropriate for many patients with cardioembolic stroke risk fac-

 anticoagulation                tors, such as atrial fibrillation

•   Timing of therapy initiation should be individualized, e.g., antico-

agulation may be delayed for 1–2 weeks in the setting of a large 

infarct (to decrease the chance of hemorrhagic conversion), but 

may be started earlier in the setting of TIA or small infarct

•   Not generally recommended for noncardioembolic risk factors, 

although may be used sometimes in conditions like arterial dis-

section or patent foramen ovale, especially with symptom recur-

rence while on antiplatelet therapy

HMG CoA  reductase  •   Statin beneficial actions are likely due to actions in addition to 

 inhibitors (statins)              cholesterol lowering

•   Statin therapy should not be acutely withdrawn in patients pre-

senting with acute ischemic stroke

•   Statin therapy after ischemic stroke prevents cardiovascular 

events and recurrent strokes

•   Patients should be warned of side effects and symptoms, and 

transaminases, creatine kinase, and lipid panel should be checked 

prior to and 1–3 months after therapy initiation

•   The appropriate duration of therapy is unknown, but benefits were 

found after 5 years of therapy

Blood pressure  •   Hypertension should be treated after the acute phase of stroke

reduction

•   Choice of agents should be individualized, but ACE inhibitors and 

diuretics like hydrochlorothiazide may have particular benefits

Blood glucose  •   Blood glucose should be tightly controlled using agents appropri-

management in             ate for individual patients

 diabetes

•   Efficacy of treatment should be evaluated with periodic HbA C 1

evaluation

Smoking  cessation        •   Smoking cessation should not be optional in patients with 

ischemic stroke

•   All possible smoking cessation aids should be recommended; 

nicotine receptor partial agonists like varenicline appear particu-

larly effective

 

covered in Chaps. 18 and 19, respectively. Patients in whom conventional risk factors are not identified (i.e., ones with cryptogenic stroke) are usually evaluated further for rare causes of ischemic stroke. More emphasis on rare causes is placed in patients who are <50years old (see “Stroke in the Young Evaluation” section).

A  crucial  aspect  of  secondary  stroke  prevention  is  education  of  the  patient and

the patient’s family, friends, and caregivers. Education on control of diabetes, hyper-tension,  hyperlipidemia,  diet,  weight  management,  and  smoking  cessation  should start in the hospital, because starting patient and caregiver education early is likely to increase medical compliance.

 

17.7.8.     Rehabilitation and neurorepair

Although more data are needed, it is generally agreed that in order for traditional 

physical  rehabilitation  to  be  effective,  it  needs  to  be  started  early  (i.e.,  during  the acute phase in the hospital), be intensive and specific, and last well into the chronic phase.184  Ongoing  investigations  in  stroke  rehabilitation  include  constraint-induced movement  therapy 185                        186,  187                                 188 ;  mechanical  aids ;  electrical  stimulation;  and  pharma-cologic interventions. 189 Preclinical studies are focusing on stem cell transplantation, as  well  as  pharmacologic  enhancement  of  natural  plasticity  and  stem  cell-based neurorepair. 190, 191
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Recovery after ischemic stroke is a dynamic process, but patients generally reach 

50%  of  their  maximum  recovery  within  2  weeks  of  injury,  and  80%  of  all  patients reach their best possible recovery within 4–5 weeks.184 Factors such as age, medical comorbidities, degree of neurologic (motor and cognitive) disability, as measured by a variety  of  scales  including  the  Barthel  Index  (see http://www.strokecenter.org/trials/ scales/barthel.html) and the NIH-SS (see Chap. 9), and social factors, affect individual patients’ ability to return to work.192

 

17.9.      Internet ischemic stroke resources

 

American Academy of Neurology: http://www.aan.com American Heart Organization: http://www.americanheart.org American Stroke Association: http://www.strokeassociation.org Internet Stroke Center at Washington University: http://www.strokecenter.org National Stroke Association: http://www.stroke.org
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Occlusive Disease

 

This chapter will discuss extracranial atherosclerotic disease and arterial dissection.

 

18.1.  Atherosclerotic extracranial arterial 

disease

 

Large vessel atherosclerotic disease, most commonly extracranial carotid steno-

sis, accounts for some 15–20% of cerebral ischemic events.1,2

 

18.1.1.     Atherosclerosis

Atherosclerosis is thought to represent an inflammatory response to injury3 in a 

hyperlipidemic environment.4 The fatty streak is believed to precede the development of an atherosclerotic plaque, and is present in infancy.5 The distinguishing histological feature is the presence of foam cells, lipid-filled macrophages and myointimal smooth muscle cells adjacent to the endothelial layer. 4 The process involves several stages:

1.  Atherosclerosis  begins  with  endothelial  damage  or  dysfunction  caused  by  a 

variety of factors.

(a)  Elevated or modified low-density lipoprotein 6 (b)  Free radicals caused by

i.  Cigarette smoking

ii.  Hypertension

iii.  Diabetes mellitus

(c)  Genetic alterations

(d)  Elevated plasma homocysteine levels 7 (e)  Infection (associated with atherosclerosis, but not yet shown to cause it)

i.                                           8 Chlamydia pneumoniae ii  Herpes virus 9

2.  Smooth muscle cells migrate into the lesion and proliferate.10

3.  The artery wall thickens, and the vessel undergoes gradual compensatory dila-

tion (remodeling).

4.  Macrophages  and  lymphocytes  are  activated  and  immigrate  from  the  blood, 

which multiply within the lesion.

(a)  Activation of mononuclear cells leads to the release of hydrolytic enzymes 

and cytokines, which can induce further injury and cause focal necrosis.

5.  Fibrous tissue accumulates.

(a)  Smooth muscle cells synthesize collagen.

(b)  Fibrous cap forms over a core of lipid and necrotic tissue.

6.  Capacity for compensatory dilation is exceeded and the lesion extends into the 

lumen of the vessel.

(a)  Stenosis results

7.  The plaque becomes unstable.

(a)  The fibrous cap is degraded by metalloproteinases.

(b)  Rupture of the plaque can occur, followed by thrombosis.

18.1.1.1.    Plaque location

1.  Atherosclerotic  plaques  develop  where  wall  shear  stress  is  reduced,  not 

elevated.11

(a)  Metabolic and functional changes influencing an intact endothelium are 

necessary for plaque formation, rather than endothelial denudation.12
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(b)  Low flow velocity and oscillation also contribute.13 (c)  These hemodynamic factors result in delayed clearance of putative blood-

borne atherogenic factors.

2.  Carotid bifurcation is prone to plaque formation.

(a)  Large area of flow separation and low wall shear stress due to:

i.  Large  cross-sectional  area  of  the  carotid  sinus  (twice  that  of  the 

ICA).

ii.  Branching angle.

(b)  Plaque is largest along the lateral wall of the carotid sinus.

i.  Changing  geometric  configuration  with  plaque  growth  causes 

hemodynamic changes that favor plaque formation on the side and 

inner walls.

Atherosclerosis can cause cerebral ischemic symptoms via two mechanisms14:

1.  Hemodynamic compromise due to stenosis.

(a)  Blood flow in a vessel the size of the ICA remains fairly constant until 

the internal diameter is reduced by approximately 70%. 15

2.  Embolization from an ulcerative plaque.

 

18.1.1.2.  Carotid artery bifurcation atherosclerotic disease

PREVALENCE

1.  Prevalence of carotid atherosclerosis in the general population: 25%.16

(a)  Intimal-medial thickening:

i.  Men 9.4%, women 11.7%.

(b)  Plaque:

i.  Men 13.3%, women 13.4%.

(c)  Stenotic plaque:

i.  Men 2.7%, women 1.5%.

2.  Prevalence of carotid stenosis (≥ 17–21  40%) in the general population: 2–11%.

 

RISK FACTORS FOR CAROTID STENOSIS

 1.  Advanced age18,19,21–23

 2.  Cigarette smoking18,19,23,24

 3.  Sex:

(a)  Male18,22,23

(b)  Female25

 4.  Hypertension19,20,26–28

 5.  Diabetes29

 6.  Coronary artery disease30

 7.  Mitral annulus calcification31

 8.  Peripheral arterial disease32

 9.  Chronic renal failure33

10.  Total cholesterol18,23,27

11.  (Inversely) Ratio of high-density lipoprotein cholesterol to total cholesterol18

12. Elevated C-reactive protein34

13. “Psychological strain”35

 

18.1.2.     Carotid endarterectomy

Carotid  endarterectomy  (CEA)  has  an  uncommon  distinction  among  surgical 

procedures  in  that  it  has  been  shown  in  randomized  clinical  trials  to  significantly reduce the risk of stroke in selected patients. It remains the standard of care for most patients. In 2002, some 134,000 CEAs were done in the U.S.36

 

18.1.2.1.    Symptomatic carotid stenosis

There  have  been  three  major  recent  randomized  trials  of  CEA  for  symptomatic 

stenosis.

 

642                  18.1. Atherosclerotic extracranial arterial disease                        EXTRACRANIAL CEREBROVASCULAR OCCLUSIVE DISEASE NORTH AMERICAN SYMPTOMATIC ENDARTERECTOMY TRIAL (NASCET)

1.  2,885 patients with transient ischemic attack (TIA) or minor stroke within the 

previous 120 days who had a 30–99% ipsilateral ICA stenosis were randomized 

to receive either medical therapy (risk factor modification and aspirin 1,300 mg 

daily) or medical therapy and CEA.37

2.  Stenosis was measured on angiography by comparing the residual lumen diam-

eter in the most stenotic portion of the ICA to the lumen diameter of the ICA 

distal  to  the  stenosis  (this  method  has  been  used  for  all  randomized  trials  of 

CEA except for the ECST).

3.  The arm of the trial for patients with ≥70% stenosis was terminated before the 

end of the study because an interim analysis showed a considerable advantage 

of surgery.

(a)  For patients with ≥70% stenosis, ipsilateral stroke rate at 2 years was

i.  26% in the medical group

ii.  9% in the surgical group (           38 p < 0.001)

–  Absolute risk reduction of 17%

–  The benefit persisted for at least 8 years 39 –  The risk reduction correlated with the degree of stenosis

4.  For moderate stenosis (50–69%), the 5-year ipsilateral stroke rate was:

(a)  22.2% in the medical group

(b)  15.7% in the surgical group (           39 p = 0.045)

i.  Absolute risk reduction of 6.5%

 

EUROPEAN CAROTID SURGERY TRIAL (ECST)

1.  3,024  patients  with  TIA,  retinal  infarction,  or  nondisabling  stroke  within  the 

previous 6 months were randomized to receive either medical therapy (use of 

aspirin was permitted but not required) or medical therapy and CEA. 40

2.  Stenosis in the ECST was determined on angiography by comparing the resid-

ual stenosis at the most stenotic portion of the vessel to the probable original 

lumen diameter at that site (Fig. 18.1). This method differed from the method 

used for NASCET; consequently, higher degrees of stenosis were reported in the 

ECST relative to NASCET angiographic measurements.

3.  The 3-year risk of major stroke or death in patients with ≥80% (approximately 

≥60% by the NASCET method):

(a)  26.5% in the medical group

(b)  14.9% in the surgical group

i.  Absolute risk reduction for surgery of 11.6%.

ii.  This risk reduction persisted for at least 10 years after surgery.

VETERANS AFFAIRS COOPERATIVE STUDY ON SYMPTOMATIC

STENOSIS (VACS)

1.  197  men  with  symptomatic  stenosis  were  randomized  to  receive  medical 

therapy, including aspirin (325 mg daily), or medical therapy and CEA.

2.  Prematurely terminated when NASCET and ECST data were released.

3.  The risk of stroke at an average follow-up of 11.9 months in patients with >50% 

stenosis:

(a)  19.4% in the medical group

(b)  11.7% in the surgical group (p = 0.011)

i.  Absolute risk reduction for surgery of 11.7%.44

4.  Benefit of surgery was greater in patients with >70% stenosis:

(a)  Absolute risk reduction of 17.7% (p = 0.004).

ANALYSIS OF POOLED DATA

A meticulous analysis examined the results of the NASCET, ECST, and VACS by 

remeasuring the degree of stenosis in ECST using the method employed by the two other  trials.45  Data  for  6,092  patients,  with  35,000  patient-years  of  follow-up,  were pooled. Results were stratified according to degree of stenosis:

1.  <30%: CEA increased the risk of ipsilateral stroke.

(a)  Absolute risk increase: 2.2% (p = 0.05)

2.  30–49%: No effect.

(a)  Absolute risk reduction: 3.2% (p = 0.06)

3.  50–69%: Marginal benefit of CEA

(a)  Absolute risk reduction: 4.6% (p = 0.04)
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Fig. 18.1 41   Comparison of NASCET and ECST measurements of carotid stenosis.

For example, 85% stenosis by the ECST method is approximately 70% stenosis by 

NASCET criteria. Adapted from THE LANCET, 351:1372–1373: Donnan GA et al.: 

“Surgery for prevention of stroke.” © Elsevier 1998 with permission from Elsevier.

4. ≥70% without near occlusion: Highly beneficial

(a) Absolute risk reduction: 16.0% ( p < 0.001)

5.  Near occlusion:

(a)  Trend toward benefit at 2 years.

i.  Absolute risk reduction: 5.6% (p = 0.19)

(b)  No benefit at 5 years

i.  Absolute risk increase: 1.7% (p = 0.9)

 

CLINICAL TRIAL DATA CAVEATS

1.  Outcome after CEA strongly depends on risk for perioperative complications. In 

the NASCET, the 30-day rate of disabling stroke and death after CEA in patients 

with 70–99% stenosis was 2.1%. In the ECST, the 30-day rate of  nonfatal major 
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stroke  or  death  was  7.0%.  Complication  rates  significantly  higher  than  6%  in 

patients with >70% stenosis can eliminate the benefit of the operation.46

2.  “Best  medical  therapy”  has  evolved  since  these  trials  were  done,  to  include 

combination antiplatelet regimens and lipid-lowering agents.

3.  All three trials based measurement of stenosis on catheter angiography; most 

patient selection for CEA currently is done based on noninvasive imaging, such 

as duplex ultrasonography, which is less accurate.

4.  Not  included  in  the  trials  were  patients  with  remote  symptoms  or  clinically 

silent cerebral infarctions identified on imaging.

5.  Some 20% of patients with symptomatic 70–99% carotid stenosis subsequently 

have a stroke related to other causes.47

 

SUBGROUP ANALYSES

1.  Ulcerated plaque.

(a)  Natural history. In NASCET, patients in the medical arm with an ulcer-

ated  plaque  had  rates  of  ipsilateral  stroke  that  increased  dramatically 

with  degree  of  stenosis.  The  risk  of  stroke  at  24  months  by  degree  of 

stenosis:48

i.  75%; No ulcer: 21.2%; ulcer: 26.3%

ii.  85%; No ulcer: 21.3%; ulcer: 43.9%

iii.  95%; No ulcer: 21.3%; ulcer: 73.2%

(b)  Surgical risk. In NASCET, the perioperative stroke and death rate was 

1.5 times higher in the presence of an ulcerated plaque.49

2.  Hemispheric  vs.  retinal  symptoms.  Medically  treated  patients  with  hemi-

spheric symptoms are at higher risk of stroke compared to patients with retinal 

ischemic events only.

(a)  In  NASCET,  the  relative  risk  of  ipsilateral  stroke  in  patients  with 

70–99% stenosis and hemispheric symptoms compared to patients with 

retinal symptoms only was 3.23 (95% CI, 1.47–7.12).50

i.  Benefit  of  surgery  included  patients  whose  only  symptom  was 

amaurosis fugax, as well as those with hemispheric symptoms.50

3.  Near  occlusion.  Defined  as  a  “string  sign”  on  angiography  with  a  very 

high-grade  stenosis  with  reduced  caliber  of  the  ICA  distal  to  the  stenosis51, 

near  occlusion  is  associated  with  a  lower  risk  of  stroke  in  medically  treated 

patients.

(a)  In  NASCET,  patients  in  the  medical  arm  with  near  occlusion  had  a 

1-year stroke risk of 11.1%, which is lower than the 1-year stroke risk for 

patients with 90–94% stenosis, and approximately equal to the risk for 

patients with 70–89% stenosis.52

i.  Near occlusion also confers no additional risk of perioperative compli-

cations with CEA, compared to other patients with >70% stenosis.

4.  Contralateral occlusion. Patients in NASCET with contralateral occlusion were 

at elevated risk of stroke with both medical therapy and CEA.53

(a)  The risk of ipsilateral stroke in medically treated patients with 50–99% 

stenosis  and  a  contralateral  occlusion  was  more  than  twice  as  that  of 

patients without a contralateral occlusion.

(b)  Perioperative risk of stroke or death for patients with 70–99% stenosis:

i.  14.3% for patients with a contralateral occlusion.

ii.  4.0% for patients without a contralateral occlusion.

5.  Intraluminal  thrombus.  Angiographic  evidence  of  intraluminal  thrombus 

confers  significant  risk  in  both  medically  and  surgically  treated  patients. 

In  NASCET,  1.8%  of  patients  had  intraluminal  thrombus.  The  30-day  rate 

of  any  stroke  or  death  for  surgical  patients  was  similar  to  medically  treated 

patients:54

(a)  Medical treatment group

i.  With intraluminal thrombus: 10.7%

ii.  Without intralunimal thrombus: 2.2%

(b)  Surgical group

i.  With intraluminal thrombus: 12.0%

ii.  Without  intraluminal  thrombus:  Not  reported  by  Villareal  and 

colleagues. However, for comparison, the 30-day risk of stroke and 

death rate for all surgical patients in NASCET was 6.5%.55

6.  Elderly patients. The risk of stroke increases with age.56 Although the risk of 

CEA also increases significantly with age (a 36% increase in perioperative risk 

of stroke or death for patients >75 years57), in NASCET, the net benefit of CEA 

in patients with 50–99% stenosis increased with age.56
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(a)  Age < 65, absolute risk reduction (ARR) 10%

(b)  Age 65–74, ARR 15%

(c)  Age ≥75, ARR 29%

7.  Ipsilateral  intracranial  aneurysms.  Forty-eight  patients  in  NASCET  had  an 

unruptured intracranial aneurysm ipsilateral to the symptomatic carotid artery.58

(a)  Of 25 patients in the surgery group, one patient had a fatal subarachnoid 

hemorrhage six days after CEA.

(b)  There were no hemorrhages among the 23 patients in the medical group.

 

AMERICAN HEART ASSOCIATION RECOMMENDATION

CEA in symptomatic patients be undertaken by surgeons whose surgical morbid-

ity and mortality rate is <6%.59

18.1.2.2.    Asymptomatic carotid stenosis

There have been five randomized trials of CEA for asymptomatic carotid stenosis.

 

ASYMPTOMATIC CAROTID ATHEROSCLEROSIS STUDY (ACAS)

1.  1,662  patients  with ≥60%  stenosis,  defined  by  either  angiography  or  carotid 

duplex ultrasonography, were randomized to CEA or medical treatment.60 All patients received aspirin, 325 mg daily.

2.  The study was stopped prematurely when a significant benefit for surgery was 

found.

3.  Aggregate risk over 5 years for ipsilateral stroke and any perioperative stroke 

or death:

(a)  11.0% in the medical group

(b)  5.1% in the surgical group

i.  Aggregate risk reduction of 53% (95% CI, 22–72%).

ii.  Benefit was statistically significant for men but not women.

4.  The rate of perioperative stroke and death in the CEA group, 2.3%, was similar 

to the annual rate of ipsilateral stroke in the medical group (2.2%).

5.  No apparent increase in the benefit of CEA with increasing degree of stenosis.

6.  Post hoc analysis of patients with contralateral occlusion61

(a)  Medically treated patients with a contralateral occlusion were less likely 

to  have  a  stroke  than  those  patients  without  a  contralateral  occlusion. 

5-year risk of perioperative and ipsilateral stroke:

i.  Stroke rate without contralateral occlusion: 11.7%

ii.  Stroke rate with contralateral occlusion: 3.5% (p = 0.011)

(b)  CEA may not benefit patients with contralateral carotid occlusion, and 

may  be  harmful.  Effect  on  absolute  risk  of  5-year  risk  of  perioperative 

and ipsilateral stroke:

i.  Without contralateral occlusion: 6.7% reduction

ii.  With contralateral occlusion: 2.0 increase (P = 0.047).

 

VETERANS ADMINISTRATION COOPERATIVE ASYMPTOMATIC TRIAL

1.  444 men with ≥50% stenosis were randomized to receive medical therapy (rec-

ommended: aspirin, 1,300 mg daily) or medical therapy with CEA.62

2.  After a 4-year follow-up period, the combined incidence of ipsilateral neurologic 

events:

(a)  20.6% in the medical group

(b)  8.0% in the surgical group (P < 0.001)

3.  The high overall mortality rate of 33%, primarily owing to coronary atheroscle-

rosis, suggests that the study population differed from those in other trials and 

makes interpretation of these results difficult.63

 

CAROTID ARTERY STENOSIS WITH ASYMPTOMATIC NARROWING: OPERATION VERSUS ASPIRIN (CASANOVA)

1.  410  patients  with  50–90%  stenosis  were  randomized  to  receive  CEA  and 

medical therapy or medical therapy only and followed for a mean interval of 42 

months.64 All patients received aspirin, 330 mg, and dipyridamole, 75 mg, three times daily.
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2.  No significant difference was found in stroke rates in the medical (11.3%) and 

surgical (10%) groups.

(a)  The  small  size  of  the  study  and  the  fact  that  a  significant  number  of 

crossovers occurred between the groups obscures the importance of the 

findings.

 

MAYO ASYMPTOMATIC CAROTID ENDARTERECTOMY TRIAL

1.  A  total  of  158  patients  received  either  medical  therapy  with  aspirin  or  CEA 

without aspirin.65 No major strokes or deaths occurred in either group.

2.  Rate of myocardial infarction

(a)  9% in the medical group

(b)  26% in the surgical group (p = 0.002)

3.  Study was terminated early owing to the significantly higher number of myo-

cardial infarctions and transient cerebral ischemic events that occurred in the 

surgical group, presumably because this group did not receive aspirin.

4.  Results  underscore  the  importance  of  treating  patients  with  cerebrovascular 

atherosclerosis with antiplatelet agents.

 

ASYMPTOMATIC CAROTID SURGERY TRIAL (ACST)

1.  Largest study completed to date.

2.  3,120 patients with 60–99% stenosis on ultrasound were randomized to receive 

either immediate CEA or indefinite deferral of CEA (only 4% per year got CEA 

in this group).66 Five-year risk of all strokes

(a)  11.8% in the deferred group

(b)  6.4% in the immediate group (P < 0.0001)

3.  Risk of stroke or death within 30 days of CEA: 3.1%.

4.  First study to show a protective effect of CEA in women. Five-year risk of non-

perioperative stroke:

(a)  7.48% in the deferred group

(b)  3.40% in the immediate group (p = 0.02)

5.  No apparent increase in benefit with increasing degree of stenosis.

 

AMERICAN HEART ASSOCIATION RECOMMENDATION

CEA in asymptomatic patients be undertaken by surgeons whose surgical mor-

bidity and mortality rate is <3%. 59

 

18.1.3.     Radiographic evaluation

1.  CEA is only effective when patients are selected appropriately.

2.  In  the  major  trials  for  symptomatic  carotid  stenosis,  patient  eligibility  was 

based on angiographic criteria. Thus, radiographic evaluation of carotid steno-

sis must match the accuracy of catheter angiography.

(a)  In addition, CEA in asymptomatic patients carries a slender risk–benefit 

ratio, making accurate patient selection essential.

3.  Carotid  duplex  ultrasonography  is  a  useful  screening  method  for  detection  of 

70–99% stenosis.67

(a)  Sensitivity 94%

(b)  Specificity 89%

4.  Limitations of duplex ultrasonography:

(a)  A significant proportion of CEAs are performed in general practice set-

tings lacking designated, accredited vascular laboratories. 68,69

(b)  Even  accredited,  high-volume  vascular  laboratories  may  report  false 

positive results for carotid stenosis ranging from 20 to 41%. 70

(c)  Duplex scanning cannot image the distal ICA, intracranial vasculature, 

identify  tandem  lesions,  or  accurately  distinguish  preocclusive  disease 

from total occlusion.71,72

(d)  Duplex scanning does not indicate whether the lesion is relatively high 

in the cervical region, which is information that is important in planning 

for a CEA.

5.  These limitations necessitate additional confirmatory studies in the evaluation 

of patients with carotid stenosis.
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Fig. 18.2 Carotid Doppler velocities and degree of stenosis. Relationship between the 

 

mean peak systolic velocity (PSV) and the percentage of stenosis and the percentage of 

stenosis measured arteriographically. The PSV increases with the increasing severity of 

stenosis. Error bars show 1 SD about the mean. Reproduced from Radiology, 214:

247–52, Grant EG, Duerinckx AJ, El Saden SM, et al. “Ability to Use Duplex US to 

Quantify Internal Carotid Arterial Stenoses: Fact or Fiction?”  © 2000 Radiology Society 

of North America, with permission.

 

(a)  Computed tomography angiography73 and magnetic resonance angiogra-

phy74,75 can be used to confirm the results of carotid duplex imaging with a high degree of accuracy.

(b)  The authors’ preference is to obtain ultrasound studies and a CTA (sec-

ond choice: MRA) in the evaluation of all patients with carotid stenosis.

INTERPRETATION OF CAROTID ULTRASOUND RESULTS

The  term carotid  duplex  refers  to  a  combination  of  Doppler  measurements  of 

velocity and B-mode imaging of the vessel. Carotid stenosis usually begins to cause a change in blood flow velocity when the degree of stenosis exceeds 50% (by NASCET criteria,  corresponding  to  a  70%  reduction  in  cross-sectional  area).  Flow  velocity increases as the severity of stenosis increases (Fig. 18.2). Three validated criteria for measuring stenosis >50% include:76

1.  Maximum peak systolic velocity (PSV) or Doppler frequency shift

2.  B-mode measurements (gray-scale and/or color Doppler) of diameter reduction

3.  ICA/CCA PSV ratio

A consensus paper published by the Society of Radiologists in Ultrasound established ultrasound criteria for the diagnosis of ICA stenosis (            77 Table 18.1 ).

1.  Primary criteria:

(a)  Parameters  (ICA  PSV  and  the  presence  of  plaque  on  gray-scale  and/or 

color  Doppler  ultrasound  images)  that  should  be  used  to  diagnose  and 

grade ICA stenosis.

2.  Additional criteria:

(a)  Additional  parameters  (ICA/CCA  PSV  ratio  and  ICA  peak  diastolic 

velocity)  that  can  be  used  when  the  ICA  PSV  may  not  indicate  the 

actual degree of stenosis due to technical or clinical factors (e.g., tandem 

lesions,  discrepancy  between  the  visual  assessment  of  the  plaque  and 

the ICA PSV, elevated CCA velocity, hyperdynamic cardiac state, or low 

cardiac output).
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Table 18.1 Consensus panel Gray-Scale and Doppler ultrasound criteria for 

diagnosis of ICA stenosis

Primary parameters Additional parameters

Degree of         ICA PSV          Plaque       ICA/CCA PSV     ICA EDV 

stenosis (%)                                 a (cm/sec) estimate (%)        ratio         (cm/sec)

Normal            <125             None             <2.0             <40

<50              <125            <50              <2.0             <40

50–69            125–230         ≥50              2.0–4.0           40–100

≥70 but less than    >230              ≥50                 >4.0               >100

near  occlusion

Near occlusion      High, low, or        Visible               Variable            Variable

undetectable

Total occlusion       Undetectable       Visible, no            Not applicable      Not applicable

 detectable lumen

a Plaque estimate (diameter reduction) with gray-scale and color Doppler ultrasound. Reproduced from Radiology, 229:340–6, Grant EG, Benson CB, Moneta GL et al.: “Gray-scale and 

Doppler US diagnosis – Society of Radiologists in Ultrasound Consensus Conference.” © 2003 

Radiology Society of North America, with permission

 

18.1.4.     Recurrent stenosis after CEA

1.  Two forms:

(a)  Early  restenosis  (<2  years  after  CEA)  is  characterized  by  myointimal 

cell proliferation. Diffuse thickening of the intima and media results in 

fibrous hypertrophic scarring throughout the CEA site. Stenosis of this 

type usually has a smooth, firm, nonulcerated appearance.

(b)  Late  restenosis  (>2  years  after  CEA)  is  the  result  of  a  reaccumula-

tion of atherosclerotic plaque and is typically friable and ulcerated in 

appearance.

2.  Risk of restenosis after CEA:

(a)  Meta-analysis of 29 reports 79, the risk of recurrent stenosis after CEA:

i.  10% in the first year

ii.  3% in the second year

iii.  3% in the second year

iv.  Long-term risk is about 1% per year

(b)  Risk factors for restenosis:80

i.  Diabetes

ii.  Female sex

3.  Risk of stroke with recurrent stenosis is unclear.

(a)  Relative risk of stroke in patients with recurrent stenosis compared with 

that in patients without recurrent stenosis ranged from 0.1 to 10.79

(b)  Myointimal  hyperplasia  leads  to  a  smooth,  nonulcerated  stenosis  with-

out  the  same  potential  for  ulceration  and  thromboembolism  as  athero-

sclerotic stenosis.

4.  Redo-CEA carries a higher risk of complications than primary CEA.

(a)  30-day perioperative neurological event rate:

i.  4.8% in reoperation patients

ii.  0.8% in primary CEA (          81 p = 0.015)

(b)  Cranial nerve injury:

i.  17% in reoperation patients

ii.  5.3% in primary CEA (p < 0.001)

–  Although most of these injuries were transient.

5.  The authors’ preference is to reserve treatment of recurrent stenosis strictly for 

patients who are symptomatic.

18.1.4.1.    Medical management

Medical management of carotid artery disease centers on cholesterol reduction, 

modification of risk factors, and antiplatelet therapy.
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Table 18.2 Serum LDL goals according to risk factors85

Risk factor(s)                          Serum LDL goal

Coronary heart disease (CHD)         <100 mg/dL Multiple (                a ≤ 2) risk factors              <130 mg/dL Zero or one risk factor                  <160 mg/dL

a Risk factors include cigarette smoking; hypertension (BP ≥ 140/90 mmHg or on antihypertensive medication); low HDL cholesterol (<40 mg/dL); family history of premature CHD (CHD in 

male first degree relative < 55 years; CHD in female first degree 

relative < 65 years); age (men ≥ 45 years; women ≥ 55 years)

 

CHOLESTEROL REDUCTION

1.  Elevated serum low-density lipoprotein (LDL) cholesterol out of proportion to 

high-density lipoprotein (HDL) cholesterol is the greatest risk factor for propa-

gation of atherosclerosis.

2.  3-Hydroxy-3-methyl  glutaryl  coenzyme  A  (HMG-CoA)  reductase  inhibitors 

(statins) have been shown to slow the progression of carotid atherosclerosis 82,83 and reduce the risk of stroke in patients with coronary artery disesase. 84

3.  Guidelines for the medical management of hypercholestrolemia have been set 

forth by the National Institutes of Health (            85 Table 18.2 ).

4.  Patients placed on statins should be informed about and monitored for signs of 

myopathy, which can affect a small percentage of patients.86

5.  Lovastatin (Mevacor®                                             87 , Merck & Co., Inc., Whitehouse Station, NJ).

(a)  Usual recommended starting dose is 20 mg once a day with the evening 

meal.  Recommended  dosing  range  is  10–80 mg/day  in  single  or  two 

divided doses; the maximum recommended dose is 80 mg/day.

(b)  Patients  should  be  advised  to  report  unexplained  muscle  pain,  tender-

ness, or weakness.

 

HYPERTENSION

1.  Most prevalent risk factor for stroke.88

2.  Treatment reduces risk of stroke.

(a)  An  analysis  of  randomized  trials  found  that  a  5–6-mmHg  reduction 

in  diastolic  blood  pressure  can  reduce  the  risk  of  stroke  by  42%  (p  < 0.0001). 89

3.  Over-correction  of  hypertension  should  be  avoided  to  avert  cerebrovascular 

hemodynamic  failure,  particularly  in  patients  with  hemodynamically  signifi-

cant carotid stenosis or with long-standing untreated hypertension.

 

CIGARETTE SMOKING

1.  In a meta-analysis of 32 studies, the summary relative risk of stroke for smok-

ers is 1.5 (95% CI, 1.4–1.6).90

2.  A discussion of Zyban91,92 and other medications to help with smoking cessation 

is in Chapter 17.

 

ANTIPLATELET THERAPY

1.  Rationale:  Symptomatic  carotid  thromboembolic  disease  occurs  in  a  high-flow 

environment, and generally appears with acute plaque rupture and thrombosis. 93

(a)  A characteristic white clot – a platelet-rich thombus – forms (b)  Platelets participate in plaque rupture and thrombosis94 (c)  Lipids released by a ruptured plaque activate platelets 95

2.  Aspirin

(a)  Inhibits  platelet  aggregation  by  inhibiting  cyclo-oxygenase,  which  pro-

duces thromboxane.

(b)  Mayo Asymptomatic Carotid Endarterectomy Study65

i.  Terminated early because a significantly higher number of MIs and 

transient  cerebral  ischemic  events  occurred  in  the  surgical  group, 

presumably due to the absence of aspirin use in the surgical group.
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ii.  Underscores the importance of aspirin use in patients with asymp-

tomatic carotid stenosis.

(c)  Appropriate dose of aspirin remains controversial.

i.  Low-dose aspirin (30–283 mg daily) has been shown to reduce the 

risk  of  stroke  in  asymptomatic  patients  with  coronary  artery  dis-

ease 96                                97,98 and in patients with TIA.

ii.  The  ASA  and  Carotid  Endarterectomy  Trial  randomized  patients 

undergoing CEA to receive low doses (81 or 325 mg daily) or high 

doses (650 or 1,300 mg daily).99

–  The  combined  rate  of  stroke,  myocardial  infarction,  and 

death was lower in the low-dose groups than in the high-dose 

groups at 3 months (6.2 vs. 8.4%, p = 0.03).

iii.  Conversely,  high-dose  aspirin  (650–1,300 mg  daily)  may  have  pro-

tective effects that are unrelated to cyclo-oxygenase inhibition. 100

–  A comparison of studies using doses ≥950 mg daily with those 

using doses <950 mg daily found a greater reduction in stroke 

risk in the higher dose studies.100

–  Drawback: gastrotoxicity.

3.  Clopidogrel

(a)  Inhibits platelet aggregation induced by adenosine diphosphate by inhib-

iting the platelet adenosine diphosphate receptor.

(b)  Clopidogrel vs. Aspirin in Patients at Risk of Ischemic Events (CAPRIE) 

randomized 19,185 patients with vascular disease to receive clopidogrel 

(75 mg daily) or aspirin (325 mg daily).101 Annual risk of ischemic stroke, MI, or vascular death was lower in the clopidogrel group:

i.  Clopidogrel group 5.32%

ii.  Aspirin group 5.83% (p = 0.043)

(c)  Management of Atherothrombosis with Clopidogrel in High-Risk Patients 

with Recent Transient Ischemic Attack or Ischemic Stroke (MATCH)102 randomized 7,599 patients with a recent stroke or TIA to receive either 

clopidogrel (75 mg daily) or clopidogrel (75 mg daily) plus low-dose aspi-

rin (75 mg daily). During an 18 month follow-up period, there was:

i.  No significant difference in the rate of ischemic events (stroke or MI).

ii.  Significant  increase  in  life-threatening  hemorrhage  in  the  combi-

nation therapy group (2.6% vs. 1.3%) (absolute risk increase 1.3% 

[95% CI, 0.6–1.9]).

4.  Dipyridamole

(a)  Inhibits  platelet  aggregation  by  inhibiting  phosphodiesterase  and 

increasing levels of cyclic adenosine monophosphate.

(b)  The European Stroke Prevention Study-2 (ESPS-2) randomized 6,602 

patients with prior stroke or TIA to receive treatment with extended-

release dipyridamole (400 mg daily), low-dose aspirin (50 mg daily), the 

two  agents  in  combination,  or  placebo.103  Two-year  stroke  risk  reduc-tion compared to placebo was found to be greatest for the combination 

regimen:

i.  Risk reduction 37% with combination therapy (p < 0.001) ii.  A  post  hoc  analysis  of  patients  in  ESPS-2  at  high  risk  for  stroke 

also found combination therapy to be more effective than low-dose 

aspirin alone at preventing stroke.104

(c)  Available  as  Aggrenox®  (aspirin  25 mg/extended  release  dipyridamole 

200 mg) capsules.

(d)  Headaches occur in 38.7% of patients treated with aspirin/dipyridamole 

combination.105

i.  Usually self-limited and decrease in frequency over time.

5.  Ticlopidine

(a)  Prevents  platelet  aggregation  by  blocking  the  5′-diphosphate  bind-

ing  site  of  the  IIa/IIIb  receptor,  the  final  common  pathway  of  platelet 

 aggregation.

(b)  The  Ticlopindine  Aspirin  Stroke  Study  (TASS)  randomized  3,069 

patients  with  minor  stroke  or  TIA  to  receive  aspirin  650 mg  BID  or 

ticlopine 250 mg BID.106 The ticlopidine group had a greater reduction in 3-year risk of stroke:

i.  The  ticlopine  group  had  a  21%  relative  risk  reduction  for  stroke 

compared with aspirin (p = 0.024).

(c)  Ticlopidine is associated with an approximately 1–2% incidence of severe 

neutropenia and >60 cases of ticlopine-associated thrombotic thrombocy-

topenia purpura (TTP) have been reported.107
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(d)  Neutrophil  counts  are  required  at  2-week  intervals  for  the  first  three 

months  of  ticlopine  therapy;  the  drug  must  be  held  if  the  neutrophil 

count drops below 1,200/mm3.

(e)  The  authors’  preference  is  to  use  ticlopidine  as  a  second-line  agent  (in 

combination with aspirin) in patients undergoing angioplasty and stent-

ing who cannot tolerate clopidogrel.

6.  Anticoagulants

(a)  There is no controlled trial data to support the use of warfarin or heparin 

in  patients  with  either  symptomatic  or  asymptomatic  extracranial 

carotid atherosclerotic disease.

i.  Exception: A course of anticoagulation may be an option when an 

intraluminal thrombus is present.

7.  Antiplatelet Therapy Recommendations:

(a)  Evidence-based guidelines for the prevention of cerebral ischemic events 

published  by  The  Seventh  ACCP  Conference  on  Antithrombotic  and 

Thrombolytic Therapy:108

i.  In patients who have had a noncardiogenic stroke or TIA, the fol-

lowing are all acceptable (Grade IA evidence):

–  Aspirin 50–325 mg daily, or –  Combination of aspirin 25 mg and extended-release dipyrida-

mole 200 mg BID, or

–  Clopidogrel 75 mg daily

(b)  The authors’ preference is to use aspirin, 325 mg daily for most patients 

with atherosclerotic carotid disease.

 

18.1.5.     Carotid angioplasty and stenting

 

18.1.5.1.    A brief history of carotid angioplasty 

and stenting

Endovascular treatment of extracranial carotid stenosis has been made possible 

by developments in endovascular technology for other applications in recent decades. Angioplasty with or without stenting has been established as an alternative to surgi-cal revascularization in patients with coronary artery disease and peripheral vascular disease. Angioplasty for carotid stenosis was first reported in the early 1980s.109,110 In contrast to CEA, in which the atherosclerotic plaque is removed, angioplasty causes fracture of the plaque and stretching of the media.111 With angioplasty alone, however, plaque  debris  may  be  released  into  the  intracranial  circulation;  and  the  resulting irregularity within the plaque can become thrombogenic sites before remodeling and endothelialization  can  occur.112,113  High  rates  of  neurological  complications  attribut-able  to  embolization  of  plaque  fragments  were  described  in  the  initial  reports  of carotid angioplasty.114,115

The  development  of  intravascular  stenting  was  driven  by  a  need  for  improve-

ment  in  coronary  balloon  angioplasty,  in  which  acute  occlusion  and  restenosis  after angioplasty are problematic. Following the first report of carotid stenting in 1995116, stenting was seen as necessary along with carotid angioplasty to stabilize the plaque and reduce embolization of debris. Angioplasty with stenting has become the endovas-cular treatment of choice for carotid stenosis.117 However, stenting did not eliminate the problem of embolization. An early trial of CAS vs. CEA was stopped prematurely because of a high rate of stroke in the CAS group.118 Of seven patients randomized to CAS, five had a stroke. Embolic protection techniques have evolved to prevent emboli-zation  during  CAS.  The  first  report  of  an  embolic  protection  technique  described  a triple  coaxial  catheter  with  a  latex  balloon  mounted  at  the  distal  end.119  In  recent years, ICA filters and flow-reversal techniques have also been introduced. Presently, filter devices are the most common embolic protection devices. Appropriate sizing of angioplasty balloons has minimized the risk of asystole during CAS, and eliminated the need for routine cardiac pacing. The addition of antiplatelet agents such as clopi-dogrel and GP IIb/IIIa inhibitors has also served to prevent and treat thromboembolic complications during CAS.120,121

The use of CAS has expanded globally in recent years, driven by a combination 

of  influences,  including  improvements  in  technique  and  devices,  the  medical  device industry,  the  availability  of  physicians  with  endovascular  expertise  (e.g.,  interven-tional  cardiologists),  and  a  growing  popular  interest  in  less  invasive  treatment. 

652                  18.1. Atherosclerotic extracranial arterial disease                        EXTRACRANIAL CEREBROVASCULAR OCCLUSIVE DISEASE By the year 2000, some 5,210 carotid stent procedures, involving 4,757 patients, had been  reported  worldwide,  with  a  technical  success  rate  of  98.4%  and  a  combined periprocedural  stroke  and  death  rate  of  5.07%.122  By  comparison,  an  update  of  the same  survey  in  2003  reported  12,392  procedures  with  a  technical  success  rate  of 98.9% and a combined stroke and death rate of 4.75%.123

Despite refinements in CAS, CEA remains the “gold standard” for the treatment 

of carotid stenosis in selected patients. In most trials and registries to date, CAS has been evaluated as an alternative for patients who would be at high risk for complica-tions with CEA. In 1998, a consensus statement by the American Heart Association recommended  that  the  use  of  CAS  be  limited  to  randomized  trials.124  A  number  of multicenter trials and registries are underway, and several are completed, to evaluate the efficacy of CAS with adjunctive distal protection, primarily in high-risk patients (Table 18.3). The Carotid Revascularization Endarterectomy vs. Stent Trial (CREST) is  an  NIH-sponsored  multicenter  randomized  trial  of  CEA  vs.  CAS  in  nonhigh-risk patients.  CREST  originally  enrolled  only  patients  with  symptomatic  stenosis ≥50% by  angiography  (or  >70%  by  ultrasound);  however,  in  June  2005,  the  study  protocol was amended to permit enrollment of asymptomatic patients. Patient enrollment in CREST was recently completed and the first results are expected be reported in 2010. Major European trials include SPACE, (Stent-Protected Percutaneous Angioplasty of the  Carotid  vs.  Endarterectomy)132  and  EVA-3S  (Endarterectomy  vs.  Angioplasty  in Patients with Symptomatic Severe Carotid Stenosis).133

18.1.5.2.  Rationale for carotid angioplasty and stenting

The rationale for developing CAS centers on three lines of evidence: (1) the results 

of the CEA clinical trials have important limitations, (2) patients at high risk for sur-gery may benefit from a less-invasive procedure, and (3) anatomic and other neurovas-cular considerations in certain patients make CAS more feasible than surgery.

1. Limitations of CEA clinical trial results

(a)  Rigid selection criteria excluded many patients.

i.  e.g., NASCET, exclusion criteria included

–  Age older than 79 years

–  Previous ipsilateral endarterectomy

–  Intracranial  stenosis  more  severe  than  the  surgically  acces-

sible lesion

–  Lung, liver, or renal failure, etc.37

(b)  Trial surgical results did not reflect actual clinical practice.

i.  In a study of Medicare patients undergoing CEA during 1992 and 

1993  in  trial  hospitals  (participating  in  NASCET  and  ACAS)  and 

in nontrial hospitals, the perioperative mortality rate was signifi-

cantly greater in the nontrial hospitals.134

2.  High-risk surgical candidates

(a)  Patients  with  a  previous  history  of  MI,  angina,  or  hypertension  are 

approximately 1.5 times more likely to have medical complications with 

CEA than are patients without these medical problems.135

(b)  Patients with coronary artery disease are at elevated risk of periopera-

tive stroke and death with CEA, with an incidence as high as 25%136 or 40%. 137

(c)  Congestive heart failure is also an independent risk factor for stroke or 

death in conjunction with CEA.136,138

(d)  Elderly patients are at elevated risk with CEA.

i.  Postoperative stroke or death rate for patients with asymptomatic 

carotid stenosis who are 75 years or older is 7.5%, compared to 1.8% 

in patients younger than 75 years.138

3.  Neurovascular considerations

(a)  Anatomic features that make CEA difficult:

i.  High carotid bifurcation (at or above C2).

ii.  Short or thick neck.

iii.  Cervical stenosis that limits neck rotation.

(b)  Tandem lesions:

i.  Identified in up to one third of patients with symptomatic carotid 

stenosis.139

ii.  In  a  review  of  1,160  CEAs  in  symptomatic  patients,  including  65 

patients with ipsilateral carotid siphon stenosis, there was a trend 

toward a higher rate of adverse outcomes in patients with tandem 

lesions (13.9% vs. 7.9%,           140 P = 0.10).
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(c)  Contralateral occlusion

i.  Some 14% of patients with significant carotid stenosis have contral-

ateral carotid artery occlusion.141

ii.  NASCET:53

–  Risk  of  ipsilateral  stroke  in  medically  treated  patients  with 

70–99% stenosis of the symptomatic carotid artery and occlu-

sion of the contralateral carotid artery was 69.4% at 2 years.

–  Perioperative risk of stroke or death was 14.3%.

(d)  Radiation-induced stenosis

i.  CEA in this situation is encumbered by relatively long lesions, scar-

ring around the vessels, and poorly defined dissection planes,142,143 and elevated risk of perioperative complications.144

(e)  Restenosis after CEA

i.  Surgery for recurrent carotid stenosis carries significantly greater 

risk of morbidity than surgery for primary stenosis.145,146

ii.  The rate of cranial nerve injuries is as high as 17%.81

 

18.1.5.3.    Major CAS single-arm trials and registries

A wide variety of CAS trials have been completed or are in progress around the 

world. Several important studies are summarized in Table 18.3. Most published data on CAS to date is from single-arm registries involving patients at high risk of com-plications  with  CEA;  the  30-day  stroke,  death,  and  MI  rates  in  these  studies  range from 3.8% to 8.3%.126,127

 

18.1.5.4.    Major randomized trials: CAS versus CEA

Several randomized trials have been completed (Table 18.4).

 

THE LEICESTER TRIAL: “THE STOPPED TRIAL”

1.  23  patients  with  symptomatic  carotid  stenosis  (>70%)  were  randomized  to 

receive either CEA or CAS. 118

2.  Only 17 patients received treatment before the trial was suspended because of 

a high rate of complications in the angioplasty group.

(a)  CAS: 5/7 patients had a stroke

(b) CEA: 0/10 patients, no strokes (p = 0.0034).

3.  Factors contributing to the high rate of complications in the CAS group:149

(a)  Pre-dilation was not routine

(b)  Interventionalist experience was limited (while the surgeons had consid-

erable expertise)

(c)  Only one antiplatelet agent was used

(d)  Study was done prior to the widespread use of embolic protection

 

Table 18.4 Randomized trials in progress: CAS versus CEA*

No. of patients 

Study           Patient population                   Country               anticipated

CREST        Symptomatic and asymptomatic      US                  2,500

EVA-3 S          Symptomatic and asymptomatic       France                1,000

ICSS (AKA       Symptomatic                       United Kingdom       1,500

CAVATAS-2)

SPACE148        Symptomatic                       Germany, Austria,      1,200

Switzerland

* Abbreviations: CREST  Carotid  Revascularization  Endarterectomy  vs.  Stent  Trial, EVA-3 S Endarterectomy  vs.  Angioplasty  in  Patients  With  Symptomatic  Severe  Carotid  Stenosis, ICSS International Carotid Stenting Study, CAVATAS Carotid and Vertebral Transluminal Angioplasty Study, SPACE (Stent-Protected Percutaneous Angioplasty of the Carotid vs. Endarterectomy)
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CAROTID AND VERTEBRAL TRANSLUMINAL ANGIOPLASTY STUDY

(CAVATAS)150

1.  504  patients  with  symptomatic  or  asymptomatic  carotid  stenosis  were  rand-

omized to receive either carotid angioplasty (without or with stenting) or CEA.

2.  Inclusion  criteria  were  not  restrictive  (i.e.,  the  patient  population  was  not 

high risk).

3. Only 26% of patients in the angioplasty group also received a stent; 74% received 

angioplasty alone.

4.  30-day results

(a)  Disabling stroke or death:

i.  Carotid angioplasty 6.4%

ii.  CEA 5.9% (difference not significant)

(b)  Cranial neuropathy:

i.  Carotid angioplasty 0%

ii.  CEA 8.7% (p < 0.0001)

(c)  Major groin or neck hematoma:

i.  Carotid angioplasty 1.2%

ii.  CEA 6.7% (p < 0.0015)

5.  Long-term results

(a)  No significant difference in the rate of ipsilateral stroke was found with 

survival  analysis  up  to  3  years  after  randomization  (adjusted  hazard 

ratio = 1.04, 95% CI, 0.63–1.70, p = 0.9).

6.  Restenosis at one year (       151 ≥ 70%):

(a)  Carotid angioplasty 18.5%

(b)  CEA 5.2% (p = 0.0001)

 

STENTING AND ANGIOPLASTY WITH PROTECTION IN PATIENTS AT HIGH RISK

FOR ENDARTERECTOMY (SAPPHIRE)

1.  334  patients  at  high  risk  for  surgery  (Table  18.5)  with  symptomatic  stenosis 

(≥50%) or asymptomatic stenosis (≥80%) were randomized to CEA or CAS. The 

study was designed to test the hypothesis that CAS is not inferior to CEA. The 

study  was  discontinued  because  of  low  enrollment.  Adverse  event  rates  were 

lower in the CAS group.130

(a)  Primary endpoint (stroke, death, or MI at 30 days plus ipsilateral stroke 

or death from neurologic causes within 31 days to 1 year)

(b)  The study was designed to test the hypothesis that CAS is not inferior to 

CEA. Trend toward a lower incidence of death, stroke, or MI at 1 year:

i.  4.8% in the CAS group.

ii.  9.8% in the CEA group (p = 0.09).

 

Table 18.5 SAPPHIRE criteria for high risk a

1. Clinically significant cardiac disease (congestive heart failure, abnormal stress test, or 

need for open-heart surgery)

2.          Severe pulmonary disease

3.          Contralateral carotid occlusion

4.          Contralateral laryngeal-nerve palsy

5.          Previous radical neck surgery or radiation therapy to the neck

6.          Recurrent stenosis after endarterectomy

7.          Age >80 years

a At least one factor required

 

CAROTID REVASCULARIZATION ENDARTERECTOMY VERSUS STENT TRIAL

(CREST)

1.  NIH-sponsored multicenter trial. Patients with symptomatic stenosis (>50%) or 

asymptomatic stenosis (≥60%) are randomized to CAS or CEA. Enrollment was 

completed in 2009.
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2.  Two studies:

(a)  Lead-in study. Nonrandomized credentialing arm; interventionalists not 

yet credentialed to enroll patients in the randomized study may enroll up 

to 20 patients in the lead-in study to demonstrate experience and safety 

in CAS.

(b)  Randomized study. Fully credentialed investigators may enroll patients 

to be randomized to either CAS or CEA.

i.  The  randomized  phase  of  CREST  originally  included  only  symp-

tomatic  patients;  asymptomatic  patients  were  allowed  to  enroll 

in  the  randomized  phase  beginning  in  June  2005  because  of  slow 

 recruitment.

3.  Enrollment totalled 2,522 randomized patients.

4.  Lead-in phase data about age as a risk factor for complications with CAS152

(a)  749 lead-in patients (30.7% symptomatic, 69.3% asymptomatic). The pro-

portion of patients suffering periprocedural stroke and death increased 

with age (p = 0.0006)

i.  >60 years 1.7%

ii.  60–69 years 1.3%

iii.  70–79 years 5.3%

iv. ≥80 years 12.1%

(b)  These  findings  lead  the  CREST  trial  organizers  to  prohibit  the  enroll-

ment of patients aged ≥80 in the lead-in study.

i.  Octogenarians are still allowed to enroll in the randomized phase.

 

STENT-PROTECTED PERCUTANEOUS ANGIOPLASTY OF THE CAROTID

VS                        132 . E NDARTERECTOMY (SPACE)

1.  1,183  patients  in  Germany,  Austria,  and  Switzerland  with  symptomatic  ste-

nosis  (≥50%)  were  randomized  to  CAS  or  CEA.  The  study  was  designed  to test  the  hypothesis  that  CAS  is  not  inferior  to  CEA.  The  study  was  stopped 

prematurely (1,900 patients were planned) because of problems with funding 

and enrollment.153

2.  Primary endpoint (ipsilateral ischemic stroke or death from the time of rand-

omization to 30 days after procedure):

(a)  6.84% in the CAS group

(b)  6.34% in the CEA group (one-sided p value for noninferiority was 0.09)

3.  Longer-term results are anticipated.

4. SPACE  failed  to  prove  noninferiority  of  carotid-artery  stenting  compared  with 

carotid endarterectomy for the periprocedural complication rate.

5.  Controversies about SPACE:

(a)  Use of embolic protection devices was not required in this trial, and only 

27%  of  the  cases  in  the  CAS  group  were  done  with  embolic  protection 

devices. However, the 30-day rate of ipsilateral stroke or death in SPACE 

was  7.3%  in  CAS  cases  with  embolic  protection,  compared  to  6.7%  in 

those without it.154

(b)  The  noninferiority  test  used  by  SPACE  is  different  from  the  analysis 

used  by  previous  carotid  surgery  trials,  in  which  the  null  hypothesis 

assumed no difference between the two interventions. This may contrib-

ute to uncertainty and a perception of ambiguity about the results.154

 

ENDARTERECTOMY VERSUS ANGIOPLASTY IN PATIENTS WITH SYMPTOMATIC SEVERE CAROTID STENOSIS          133 (EVA-3 S)

1.  A total of 527 patients in France with symptomatic stenosis (≥60%) were ran-

domized to CAS or CEA. Enrollment was stopped prematurely (enrollment of 

872 patients was originally planned) for “reasons of safety and futility.”

2.  Primary endpoint (any stroke or death within 30 days after treatment):

(a)  9.6% in the CAS group

(b)  3.9% in the CEA group (p = 0.004)

3.  Any stroke or death at six months:

(a)  11.7% in the CAS group

(b)  6.1% in the CEA group (p = 0.02)

4.  Controversies about EVA-3 S:

(a)  Relatively  modest  requirements  for  interventionalists  to  participate  in 

the study.153
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(b)  Wide  variety  of  devices  used  for  CAS  (any  of  five  different  stents  and 

seven different embolic protection devices were permitted).

18.1.5.5.    Recurrent stenosis after CAS

1.  Global registry123

(a)  Restenosis  rates  of  carotid  stenting  were  2.7%,  2.6%,  and  2.4%  at  1,  2, 

and 3 years, respectively.

2.  Single-center series, carotid duplex:

(a)  Restenosis (> or =70%), median follow-up 12 months: 3.0% 155 (b)  Restenosis ( (> or =80%), median follow-up 16.4 months: 5%156

3.  Four-center series, carotid duplex. Analysis of 2,172 cases found rates of rest-

enosis (>50%) to be 1%, 2%, and 3.4% after 1, 3, and 5 years, respectively.157

4.  CAS  changes  the  physiology  of  atherosclerotic  disease.  Most  strokes  attribut-

able  to  carotid  stenosis  are  embolic;  CAS  stabilizes  the  plaque.  Therefore, 

restenosis after CAS may not have the same natural history as native carotid 

stenosis.

18.1.5.6.  Effect of embolic protection on periprocedural 

complication rates in CAS

Release of embolic material during CAS without embolic protection is common, 

as  demonstrated  by  transcranial  Doppler158  and  postprocedure  MRI.159  A  variety  of embolic protection devices have been introduced for use during CAS (see Chap. 10). No randomized trial has compared CAS with and without embolic protection. A number of series, however, have shown a significant reduction in complication rates with the use of embolic protection devices.

1.  The  global  registry  found  a  periprocedural  and  death  rate  of  5.29%  in  cases 

without protection, compared to a 2.23% rate with protection.123

2.  A  systematic  review  of  published  studies  including  2,537  CAS  procedures 

found that the 30-day stroke and death rate in both symptomatic and asymp-

tomatic patients was 1.8% in patients treated with cerebral protection devices 

compared  with  5.5%  in  patients  treated  without  cerebral  protection  devices 

(                  160 p < 0.001).

(a)  This effect was due to a reduction in both major and minor strokes; the 

death rates were almost identical.

3.  In  the  French  EVA-3 S  Trial,  in  which  patients  were  randomized  to  CEA  or 

CAS  with  or  without  embolic  protection,  the  Safety  Committee  recommended 

stopping CAS without protection, because the 30-day stroke rate was 3.9 times 

higher than that of CAS with protection (4/15 vs. 5/58). 161

18.1.5.7.    Timing of CEA or CAS after a stroke

The optimal timing of surgical or endovascular treatment of carotid stenosis after 

a cerebral ischemic event is controversial. Surgery within 7 days of a stroke has been found to be a risk factor for complications with CEA.162 The authors’ preference is wait treatment 1–2 weeks after a completed stroke, and to proceed sooner for patients with TIAs only or crescendo TIAs.

18.1.5.8.    Patient selection: CAS or CEA?

Appropriate  patient  selection  is  important  to  minimize  risk  of  complica-

tions.  Factors  that  elevate  risk  of  complications  with  CEA  are  discussed  above  (in Rationale  for  Carotid  Angioplasty  and  Stenting).  A  number  of  neurovascular factors have been shown to increase the risk of complications with CAS:

1.  Tortuous anatomy

2.  Long lesion

3.  Tandem lesions

4.  Ulcerated lesion

5.  Intraluminal thrombus

Factors that can guide patient selection are summarized in Table 18.6.
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Table 18.6 Patient selection for angioplasty and stenting or carotid endarterec-

tomy carotid angioplasty and stenting

Carotid Angioplasty and Stenting

Relative indications                   Relative contraindications

•  Poor surgical candidate •   Elongated aortic arch or otherwise difficult 

vascular access

•  Accessible vascular anatomy                 •  High grade carotid stenosis

•  Focal stenosis                                •  Long region of stenosis

•  Tandem stenoses                          •  Aortic or femoral artery occlusion

•  Previous neck surgery                       •  Intolerance to antiplatelet agents

•  Radiation-induced stenosis                   •  Intolerance to iodinated contrast

•  High risk for anesthesia complications         •  Intraluminal thrombus

Carotid Endarterectomy

Relative indications                   Relative contraindications

•  Younger patient                              •  Advanced age

•  Few medical conditions                      •  Multiple medical conditions

•  No previous neck surgery or radiation         •  Previous neck surgery or radiation

•  Thin, supple neck                            •  Short, thick neck

•   Patent, nonstenotic contralateral carotid        •  Contralateral carotid occlusion

artery

•  Low carotid bifurcation                       •  High carotid bifurcation

 

18.1.6.     Atherosclerotic carotid occlusion

 

18.1.6.1.    Asymptomatic carotid occlusion

1.  Prevalence

(a)  Prevalence of silent ICA occlusion in the general population age >60 

is <1%.163

2.  Prognosis – excellent.

(a)  Very low risk of ischemic stroke.164,165 (b)  “The benign course of never-symptomatic carotid occlusion”166

i.  Risk of stroke in 30 patients with never-symptomatic carotid occlu-

sion  during  an  average  follow-up  of  32  months:  3.3%.  No  strokes 

occurred in the carotid territory ipsilateral to the occluded artery 

in these patients.

18.1.6.2.    Symptomatic carotid occlusion

1.  Incidence

(a)  Annual incidence is 6 per 100,000 persons.167

2.  Prognosis168,169

(a)  Overall annual risk of stroke: 5–7%

(b)  Annual risk of stroke ipsilateral to the occluded artery: 2–6%

3.  Prognosis depends strongly on hemodynamic status.

(a)  Cerebral blood flow in the presence of carotid occlusion is maintained by 

collateral circulation (e.g., blood flow from the contralateral carotid sys-

tem via the anterior communicating artery or pial-collaterals on the corti-

cal surface). Collateral circulation in some patients with carotid occlusion 

has  little  reserve  (i.e.,  blood  flow  in  the  affected  brain  region  is  at  or 
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near maximum, and cannot be increased if necessary by  autoregulatory 

dilation  of  cerebral  arterioles).  These  patients  are  at  elevated  risk  of 

stroke. Quantitative assessment of cerebral hemodynamic status in these 

patients has been best demonstrated by15O PET measurement of oxygen extraction fraction (OEF) and xenon-CT cerebral blood flow measurement 

with acetazolamide challenge.

4. 15O PET

(a)  This  nuclear  medicine  technique  permits  quantitative  measurement  of 

CBF, CBV, and OEF.

(b)  Stage  0.  Cerebral  perfusion  pressure  (CPP)  is  normal.  OEF  shows  little 

regional  variation.  Moderate  reductions  in  CPP  have  little  effect  on 

cerebral blood flow (CBF) because of autoregulatory compensation.

(c)  Stage I. Chronic, sustained reduction of CPP (e.g., due to ICA occlusion) 

causes cerebral arterioles to be maximally dilated to maintain adequate 

CBF. Cerebrovascular reserve is exhausted. PET demonstrates increased 

cerebral blood volume (CBV) relative to CBF (increased CBV/CBF ratio).

(d)  Stage II. Further reduction of CPP leads to a decrease in CBF and an 

increase  in  OEF,  to  maintain  cerebral  oxygen  metabolism  and  brain function.

i.  Prospective study of 81 patients with previous stroke or TIA in the 

territory of an occluded carotid artery.169 Rate of stroke in average follow-up of 31.5 months:

–  12 of 39 (30.8%) patients with Stage II hemodynamic failure

–  3 of 42 (7.1%) patients without (p = 0.004).

5.  Xenon-CT

(a)  Nonradioactive  xenon  inhalation  technique  permits  quantitative  meas-

urement  of  CBF.  Acetazolamide,  a  carbonic  anhydrase  inhibitor,  causes 

dilation  in  cerebral  arterioles  and  an  increase  in  CBF.  In  regions  of  the 

brain  with  Stage  I  or  Stage  II  hemodynamic  failure,  cerebral  arterioles 

are unable to dilate any further in response to acetazolamide, and regional 

CBF  either  remains  the  same  after  administration  of  acetazolamide,  or 

decreases as blood flow is diverted from low-flow to high-flow regions.

i.  Prospective study of 68 patients with symptomatic carotid stenosis 

or  occlusion  who  underwent  xenon-CT  studies  before  and  after 

administration of acetazolamide.170 Patients were classified accord-ing to response and followed for a mean of 24 months.

–  Group 2: CBF reduction >5% in at least one vascular territory 

and baseline flow of 45 cc/100 gm/min or less.

●   36%  rate  of  stroke  (all  ipsilateral  to  side  with  lowest 

reserve) (p = 0.0007).

–  Group 1: all other patients.

●   4.4% rate of stroke (both strokes occurred contralateral 

to the side with lowest reserve).

18.1.6.3.    Surgical options for cerebral 

revascularization in patients 

with carotid occlusion

1.  Direct anastamotic bypass procedures:

(a)  Low flow

i.  E.g., STA–MCA bypass

ii.  The  first  EC–IC  bypass  was  performed  by  Yasargil,  in  Zurich, 

Switzerland, in 1967.171

(b)  High flow

i.  E.g., saphenous vein or radial artery graft

ii.  Can establish up to 3.7 times increase in flow compared to a low-

flow bypass172

iii.  Excimer laser method is a new technique for high-flow bypass 173

2.  Indirect nonanastomotic bypass procedures:

(a)  Used primarily in younger patients (e.g., Moyamoya Syndrome).

(b)  Examples:

i.  Temporal  muscle  grafting  (encephalomyosynangiosis);  transposi-

tion of the STA (encephaloduroarteriosynangiosis).
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1.  1,377  patients  with  recent  hemisphere  stroke,  retinal  infarction,  or  TIA  and 

atherosclerotic  occlusion  or  narrowing  of  the  ipsilateral  ICA  or  MCA  were 

randomized  to  receive  either  medical  care  (714  patients,  aspirin  325 mg  QID) 

or medical care with STA–MCA bypass (663 patients).174 Average follow-up was 55.8 months.

(a)  ICA  occlusion  was  the  most  common  angiographic  lesion.  The  percent-

ages of patients with each type of angiographic finding (medical group/

surgery group):

i.  MCA stenosis: 13.0%/14.4%

ii.  MCA occlusion: 11.1%/12.1%

iii.  ICA stenosis (above C2): 16.7%/15.4%

iv.  ICA occlusion: 59.%/58.1%

2.  30-day surgical results:

(a)  Mortality 0.6%

(b)  Major stroke rate 2.5%

3.  Postoperative patency rate 96%.

4.  Results:

(a)  Overall stroke rate (i.e., total number of patients having a fatal or non-

fatal stroke over a mean follow-up period of 55.8 months):

i.  Medical group: 28.7%

ii.  Surgical group: 30.9%

(b)  Subgroups:

i.  All patients with ICA occlusion:

–  Medical group: 29.1%

–  Surgical group: 31.4%

ii.  ICA occlusion with symptoms between time of angiogram and ran-

domization:

–  Medical group: 34.7%

–  Surgical group: 45.7%

iii.  ICA stenosis (≥70%):

–  Medical group: 36.1%

–  Surgical group: 37.7%

iv.  MCA stenosis (≥70%):

–  Medical group: 23.7%

–  Surgical group: 44.0%

v.  Bilateral ICA occlusion:

–  Medical group: 39.5%

–  Surgical group: 45.2%

vi.  MCA occlusion:

–  Medical group: 22.8%

–  Surgical group: 20.0%

5.  No subgroup was found to benefit from bypass.

(a)  Two groups did significantly worse with surgery:

i.  MCA stenosis ( ≥70%) (n = 109) ii.  Ischemic symptoms and occluded ICA (n = 287)

6. This study thus failed to confirm the hypothesis that extracranial-intracranial 

anastomosis is effective in preventing cerebral ischemia in patients with athero-

sclerotic arterial disease in the carotid and middle cerebral arteries.

7.  Study results have been highly controversial. 175–178

(a)  Primary limitations and criticisms:

i.  Study did not base patient selection on hemodynamic assessment.

–  Imaging technology since the EC/IC bypass trial was done has 

progressed  significantly,  enabling  identification  of  patients 

who have symptomatic cerebrovascular hemodynamic failure, 

and  would  thus,  presumably,  benefit  the  most  from  bypass 

surgery.

ii.  Patients with MCA stenosis were included; bypass in this setting can 

reduce flow through the stenotic vessel, leading to  occlusion.179–181

iii.  A large number of patients (2,572) received STA–MCA bypass out-

side of the trial while the trial was being conducted.

iv.  Multiple sources of bias were present (e.g., observational bias).
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1.  Trial in progress to evaluate STA–MCA bypass in patients with symptomatic 

ICA  occlusion  and  ipsilateral  increase  OEF  measured  by  PET  (http://www.

cosstrial.org/coss/home.asp).

2.  A total of 372 patients will be randomized to surgical or nonsurgical treatment.

 

18.1.7.     Extracranial vertebral artery 

atherosclerotic disease

Some  20%  of  cerebral  ischemic  events  involve  the  posterior  circulation.  In  the 

New  England  Medical  Center  Posterior  Circulation  Registry  (NEMC-PCR),  the extracranial vertebral artery was the most common site of vascular occlusive lesions in  patients  with  vertebrobasilar  insufficiency  (VBI).182  In  an  angiographic  series  of 4,728 patients with ischemic stroke, some degree of extracranial stenosis was seen in 18% of cases on the right and 22.3% on the left. 183

Atherosclerosis is the most common cause of extracranial vertebral artery steno-

sis; less common causes are arterial dissection, extrinsic compression due to trauma, osteophytes,  or  fibrous  bands,  or  vasculitis  (most  commonly  giant-cell  arteritis).184 Risk  factors  for  atherosclerotic  extracranial  vertebral  artery  disease  are  identical to  those  found  in  patients  with  atherosclerotic  carotid  artery  disease.182  However, atherosclerotic  plaque  at  the  vertebral  artery  origin  is  considered  to  be  “smoother” and less prone to ulceration than in the carotid system. 185 White patients seem to be preferentially affected by atherosclerosis of the extracranial vertebral artery.186

Two  patterns  of  symptoms  due  to  extracranial  vertebral  artery  stenosis  have 

been observed:182,187

1.  Brief  and  multiple  TIAs,  consisting  of  dizziness,  loss  of  balance,  and  visual 

disturbances, and sometimes precipitated by changes in position.

2.  Sudden-onset stroke, usually involving the PICA-supplied region of the cerebel-

lum or the distal intracranial posterior circulation territory.

The most common mechanism of stroke in these patients is intra-arterial embo-

lism, rather than hemodynamic failure.187

 

18.1.8.     Diagnosis

The diagnosis of VBI attributable to extracranial vertebral artery occlusive dis-

ease depends on a combination of symptoms and radiographic findings:

1.  Symptoms of VBI (must include at least two of the following symptoms): 188

(a)  Motor or sensory symptoms

(b)  Dysarthria

(c)  Imbalance

(d)  Dizziness or vertigo

(e)  Tinnitus

(f)  Alternating paresthesias

(g)  Homonymous hemianopia

(h)  Diplopia

(i)  Other cranial nerve palsies

(j)  Dysphagia

i.  Fewer than 1% of patients with VBI in the NEMC-PCR had only a 

single presenting symptom or sign.182

ii.  “Drop attacks” (sudden loss of postural tone without warning) are 

rarely  attributable  to  VBI.  No  patient  in  the  NEMC-PCR  had  a 

drop attack as the only symptom.182,189

2. ≥50% stenosis of the vertebral artery by CTA, angiography, or MRA.

(a)  The authors favor CTA for imaging; CTA has been found to be as accu-

rate as angiography in imaging of vertebral artery stenosis190, and CTA has the additional advantage of also imaging extravascular structures.

3.  Additional findings can support the diagnosis of symptomatic VBI:

(a)  MRI evidence of ischemic injury to the posterior circulation (may not be 

found in patients with minor stroke or TIAs only).

(b)  Hypoplasia or stenosis affecting the contralateral vertebral artery.
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The  prognosis  of  symptomatic  extracranial  vertebral  artery  stenosis  is  not  well 

understood.  Although  a  number  of  reports  have  suggested  a  more  benign  natural history than for symptomatic carotid stenosis, a more recent systematic review found that the risk of stroke or death in patients with VBI appears to be at least as high as it is in patients with symptomatic carotid bifurcation disease, and possibly higher. 191

MEDICAL THERAPY

Combination  antiplatelet  regimens  (e.g.,  aspirin  and  clopidogrel)  are  emerging 

as the mainstay of medical therapy for patients with  VBI.  A combination of aspirin and  dypyridamole  was  shown  to  significantly  reduce  the  rate  of  stroke  in  patients with  VBI  compared  to  placebo.192  Patients  with  atherosclerosis  and  hyperlipidemia should  also  be  treated  with  a  lipid-lowering  agent.193  The  authors’  preference  is  to avoid warfarin therapy for patients with atherosclerotic stenosis, for lack of convincing evidence of efficacy and safety.

ANGIOPLASTY AND STENTING

Although surgery for vertebral artery stenosis has been reported 194, endovascular 

techniques have become the most common approach in patients who remain sympto-matic despite medical therapy. No large series or randomized trial data are available.

1.  Immediate results

(a)  High rates of technical success (residual stenosis < 50%):

i.  97%195

ii.  100%.196

(b)  Relatively low rates of procedure-related complications:

i.  8.8% (all TIAs without permanent neurologic change) 197 ii.  3% (one TIA)197

iii.  0%196

2.  Long-term results

(a)  Relatively high rates of restenosis:

i.  100% of patients with angioplasty alone.198 ii.  Angiographic follow-up (mean 16.2 months) in 30 patients:195

–  13 (43%) had restenosis (>50%).

–  No correlation between restenosis and return of symptoms.

iii.  High rates of recurrent stenosis are presumably due to vessel wall 

recoil.

3.  Stenting of Symptomatic Atherosclerotic Lesions in the Vertebral or Intracranial 

Arteries (SSYLVIA). 199

(a)  Nonrandomized  trial  using  the  NEUROLINK  System  (Guidant  Corp.) 

balloon-mounted  stent.  18  patients  underwent  treatment  for  extracra-

nial vertebral artery stenosis (6 ostia, 12 proximal to the PICA).

(b)  Technical success (residual stenosis < 50%) achieved in 17 (94%) patients.

(c)  No periprocedural neurological events.

(d)  6-month follow-up angiogram was done in 14 (78%) patients.

i.  6 (43%) of these 14 showed evidence of in-stent restenosis (>50%).

–  4 of 6 (67%) of patients with ostial lesions had restenosis.

ii.  2 (11%) of 18 had a stroke corresponding to the vascular distribu-

tion  of  the  treated  vertebral  artery;  both  were  treated  for  ostial 

lesions and both had restenosis on angiography.

 

18.2.      Extracranial arterial dissection

 

18.2.1.     Carotid dissection

 

18.2.1.1.  Spontaneous internal carotid artery dissection

1.  Common cause of stroke in young adults (20%).200

(a)  Mean age of patients with stroke due to spontaneous carotid dissection: 44.5.201
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(b)  70% of cases are between the ages of 35 and 70.202 (c)  No significant gender effect. 202 (d)  Underlying vasculopathy in 15–20%203

i.  e.g.,  fibromuscular  dysplasia  (see  below),  Marfan’s  syndrome, 

Ehlers-Danlos syndrome

(e)  Recent infection is a risk factor: 204

i.  e.g., upper respiratory tract, gastrointestinal tract infection

(f)  History of minor trauma may be evident.

i.  41% have a history of “trivial” trauma205 ii.  24%  of  cases  were  associated  with  chiropractic  maneuvers  in  one 

series206

2.  Usually arise from an intimal tear.

(a)  Blood enters the wall of the artery to form an intramural hematoma

i.  Intramural hematoma is usually located in the tunica media, but 

may be eccentric, toward the intima or adventitia.207

–  Toward intima results in stenosis

–  Toward adventitia can result in an aneurysmal dilatation.

●      The term pseudoaneurysm in this setting is misleading, 

because  the  aneurysmal  wall  consists  of  blood  vessel 

elements.

3.  Dissection typically begins 2–3 cm distal to the origin.

(a)  Distal extent is usually limited by the skull base.

4.  Cerebral ischemia can result from:

(a)  Thromboembolism  (from  platelet  aggregation  due  to  disruption  of  the 

intima and sludging of blood in low-flow regions, such as in a false lumen).

i.  Most  common  mechanism  of  stroke  following  spontaneous  carotid 

dissection.201,208

(b)  Dissection and impairment of blood flow.

i.     Less common.

5.  Clinical features:

(a)  Sudden onset of unilateral neck pain (in 82% of patients206), facial pain, 

and headache.

(b)  Most common physical finding: Horner’s syndrome.

i.  Constricted pupil

ii.  Ptosis

iii.  Unilateral anhydrosis

(c)  Ischemic symptoms may follow pain symptoms by hours or days.

i.  Range: a few minutes to 31 days.209 ii.  May include retinal ischemic symptoms, hemispheric TIA, or com-

pleted stroke.

6.  Radiographic evaluation:

(a)  MRI/MRA accompanied by T1-weighted images with fat saturation is the 

imaging method of choice.210

i.  Fat-suppressed  T1W  images  improve  detection  of  the  mural 

hematoma – the so-called crescent sign.

(b)  CTA is also a valid option.211,212 (c)  Catheter angiography – still the “gold standard.”

i.  Can complement MRI by identifying a false lumen, hemodynamic 

effects, and collateral circulation.

ii.  Noninvasive imaging is usually adequate.

7.  Management:

(a) Controversial.

i.  No randomized trials comparing either anticoagulants or antiplate-

let drugs with control have been published.213

(b)  Antithrombotic  therapy  with  either  antiplatelet  agents  or  anticoagula-

tion is generally accepted.

(c)  The authors’ protocol:

i.  Screening is done for patients with evidence of dissection (MRA or 

CTA). A catheter angiogram is done only if needed to confirm the 

diagnosis.

ii.  Antiplatelet therapy:

–  Aspirin 325 mg daily

iii. If there is evidence of a false lumen or pseudoaneurysm containing 

thrombus:

–  Anticoagulation is used instead of antiplatelet agents.

●   IV  heparin  administration  to  maintain  the  partial 

thromboplastin time 50–70 seconds.
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●  Warfarin  is  begun;  heparin  is  discontinued  when  the 

INR is 2.0–3.0.

iv.  The patient is followed with MRA or CTA at 3 months and 6 months.

–  Once the lesion has recanalized or stabilized:

●   Anticoagulation (if it is being used) and/or clopidogrel 

is discontinued.

●      Aspirin is continued indefinitely.

(d)  Stenting is an option for patients who remain symptomatic despite anti-

thrombotic therapy.214

8.  Prognosis – favorable.

(a)  Recanalization is common.

i.  Occurs in 68–100% of stenotic lesions and 25–43% of occlusions.215

–  Resolution  of  angiographic  changes  occurs  by  3  months  in 

65% of cases.216

ii.  Usually occurs in the first two months after the injury but can take 

up to 6–12 months. 217

(b)  Recurrence is uncommon.

i.  4% recurrence rate (mean follow-up 34 months) in one prospective 

study of spontaneous carotid artery dissections.218

18.2.1.2.    Blunt trauma to the carotid artery

1.  Uncommon. Incidence among patients with head and neck trauma ranges from 

0.67%219 to 1.03%.220

2.  Cerebral ischemia can result from:

(a)  Thromboembolism (see above).

i.  Most common mechanism of stroke following traumatic carotid dis-

section.221,222

(b)  Dissection and impairment of blood flow.

i.     Rare.

3.  Clinical features

(a)  Symptoms may develop hours or weeks after the injury.223 (b)  Head and/or neck pain is the most common symptom...

i.  Followed by cerebral or retinal ischemia.

4.  Compared to penetrating injury, blunt carotid injury carries a lower mortality 

rate but higher stroke rate.224

(a)  Mortality: 7%

(b)  Stroke rate: 56%

5.  Radiographic evaluation:

(a)  Suggested triggers for evaluation for traumatic carotid dissection:220

i.  Cervical spine fracture

ii.  Horner’s syndrome

iii.  Le Fort II or III facial fracture

iv.  Skull base fracture involving the carotid canal

v.  Penetrating neck injuries

vi.  Focal neurological deficit not explainable by other causes

(b)  CTA in the evaluation of blunt trauma to the carotid artery.

i.  Can demonstrate other soft tissue and bony injuries.

ii.  Permits examination of the vertebral arteries as well.

iii.  Easy to do.

iv.  However, sensitivity is limited.

–  Comparison of CTA to catheter angiography in patients with 

blunt carotid artery injury demonstrated a sensitivity of only 

47%.220

v.  MRI/MRA  also  has  limited  sensitivity  (50% 220)  and  is  often  prob-

lematic in the setting of trauma.

(c)  Angiography is the “gold standard” for diagnosis of arterial injury.

i.  Can also identify intraluminal thrombus, a false lumen, and assess 

collateral supply to the affected arterial territory.

(d)  Authors’ preference:

i.  CTA is done as the initial imaging technique.

–  Proceed to catheter angiography if:

●      The CTA indicates a dissection. ●     If  the  CTA  is negative  and  the  index  of  suspicion  for  an 

arterial injury is high (e.g., there is evidence of neurologic injury attributable to an arterial injury or if there is addi-

tional evidence of an arterial injury not seen on CTA).
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6.  Management.

(a) Medical management – Controversial.

i.  Most agree that some kind of antithrombotic therapy is necessary.

ii.  Anticoagulation

–  Retrospective series have supported the use of systemic anti-

coagulation with heparin in blunt carotid injury.225

–  A  logistic  regression  analysis  found  heparin  therapy  to 

be  associated  independently  with  survival  (p  <  0.02)  and improvement in neurologic outcome (p < 0.01).219

–  Biffl et al. recommendations for anticoagulation according to 

grade of injury (Table 18.7):226

●   Grade  I  –  may  heal  without  anticoagulation,  consider 

antiplatelet agent.

●   Grade  II,  III,  and  IV  should  be  treated  with  systemic 

anticoagulation.

iii. However

–  Hemorrhagic complication rates as high as 57% with heparin 

therapy have been reported.227

–  A  significant  percentage  of  trauma  patients  are  unsuitable 

for anticoagulation because of bleeding from other sites.

iv.  Antiplatelet therapy

–  Rationale: disruption of the intima leads to platelet activation 

and aggregation.

–  Bleeding  complications  were  found  to  be  significantly  lower 

for  patients  treated  with  aspirin  compared  to  systemic 

heparinization. 227

v.  The authors’ preference in most cases is aspirin 325 mg daily (can 

be given via NG or as a suppository).

–  Systemic  anticoagulation  (i.e.,  IV  heparin)  is  reserved  for 

cases in which there is a significant false lumen with stasis 

and a tangible risk of thromboembolism.

(b)  Endovascular intervention

i.  Stenting  has  been  advocated  for  the  treatment  of  dissections  and 

pseudoaneurysms  that  continue  to  enlarge  or  are  symptomatic 

despite antithrombotic therapy.

–  Stent  placement  lead  to  resolution  of  89%  of  pseudoaneu-

rysms.226

–  Risk  of  thromboembolic  complications  from  endovascular 

manipulation of an acutely injured vessel is believed to be high.

●   Some authors recommend waiting 7 days before stent-

ing in blunt carotid injury.228

–  Requires a course of combination antiplatelet therapy

●   Combination antiplatelet therapy may complicate man-

agement of other traumatic injuries.

 

18.2.2.     Vertebral dissection

 

18.2.2.1.    Spontaneous vertebral artery dissection

1.  67%  of  cerebellar  infarctions  in  young  adults  are  attributable  to  vertebral 

artery dissection.229

2.  Most patients are in their 30s or 40s.

Table 18.7 Blunt carotid artery injury scale226

Injury grade                          Description

I Luminal irregularity or dissection with <25% luminal narrowing

II                                 Dissection or intramural hematoma with ≥25% narrowing

III                                Pseudoaneurysm

IV                      Occlusion

V                 Transection with free extravasation
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(a)  48% of patients have hypertension.230 (b)  Associated with FMD (see below), migraine, and oral contraceptives.231 (c)  History of sustained hyperextension and rotation in some patients:

i.                                                         232 Beauty Parlor Stroke Syndrome. ii. Bottoms Up Dissection.233

3.  The  cardinal  symptom  in  patients  with  vertebral  artery  dissection  is  pain, 

involving the neck, occiput, and shoulder.230

(a)  Median  interval  between  neck  pain  and  onset  of  other  symptoms  is  2 

weeks.234

(b)  Frequency of VBI symptoms with vertebral artery dissection: 56%. 235

4.  Spontaneous vertebral artery dissections can occur anywhere along the course 

of the vessel.235

(a)  Tend to occur in the dominant vertebral artery.

(b)  36% of patients have dissections at other sites.

(c)  21% have bilateral vertebral artery dissections.236

5.  Radiographic evaluation

(a)  Catheter angiography is the preferred imaging technique.

(b)  MRI/MRA are not as sensitive for detecting vertebral dissections as for 

detecting carotid dissections.237

i.  Low sensitivity is due to:238

–  Inherent asymmetry of the vertebral arteries.

–  Poor  delineation  of  the  intramural  hematoma  against  the 

surrounding  soft  tissues,  and  slow  flow  proximal  and  distal 

to the dissection.

–  Enhancement in the vertebral veins may mimic a dissection.

ii.  However, dynamic MRA (i.e., imaging of the vessels in neutral posi-

tion, then with extension and rotation) can identify areas of impinge-

ment by the vertebral arteries by bony or ligamentous structures.232

(c)  CTA also has limited sensitivity.

i.  Vertebral artery size and position in the transverse foramina vary 

markedly in normal young subjects.239

–  This variation may make recognition of a dissection difficult.

6.  Management

(a)  Same as for spontaneous internal carotid artery dissections (see above).

7.  Prognosis – favorable

(a)  Angiographic abnormalities either subside or improve in 76%.230 (b)  Recurrence rate is low.218

18.2.2.2.    Blunt trauma to the vertebral artery

1.  In blunt trauma, vertebral artery injuries are more common than carotid injuries.

(a)  Due to the proximity of the vessel to the bony and ligamental structures 

of the spine.

2.  Blunt vertebral artery injury incidence: 0.53% of all blunt trauma  admissions.240

3.  Vertebral artery injuries were found in 46% of patients with mid-cervical spine 

fracture or subluxation.241

(a)  Conversely, cervical spine injuries were present in 71% of patients with 

blunt vertebral artery injury.240

(b)  Dissections tend to occur where the artery is adjacent to a bony prominence 

(e.g., C2-2 or at C6 where the vessel enters the foramen transversarium).

4.  Incidence of posterior circulation stroke in blunt vertebral artery injury: 24%.240

(a)  Symptoms can result from:

i.  Thromboembolism

ii.  Arterial stenosis

iii.  Occlusion

iv.  Aneurysm formation

5.  Radiographic evaluation

(a)  Most  recommend  catheter  angiography  if  the  index  of  suspicion  for  an 

arterial injury is high.

i.  Noninvasive imaging accuracy is limited.

–  Comparison  of  CTA  and  MRA  with  cerebral  angiography 

demonstrated sensitivities of 53% (CTA) and 47% (MRA) for 

vertebral artery injury. 220

ii.  CTA  has  limited  sensitivity  in  the  evaluation  of  blunt  vertebral 

artery trauma.

iii.  CTA may not be sensitive for detecting small intimal injuries.242
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iv.  Vertebral artery size and position in the transverse foramina vary 

markedly in normal young subjects 239

–  This variation may make recognition of a dissection difficult

(b)  Authors’ preference:

i.  CTA is done as the initial imaging technique

–  Proceed to catheter angiography if

●      The CTA indicates a dissection ●      If  the  CTA  is negative  and  the  index  of  suspicion  for  an 

arterial injury is high (e.g., there is evidence of neurologic injury attributable to an arterial injury or if there is addi-

tional evidence of an arterial injury not seen on CTA)

6.  Management

(a)  Similar to management of blunt carotid artery injury (see above)

i.  Systemic  anticoagulation  has  been  advocated  for  blunt  vertebral 

artery injury240

ii.  The authors’ preference:

–  Antiplatelet treatment (aspirin 325 mg daily).

iii.  Endovascular intervention

–  Reserved for patients with active bleeding, symptomatic injuries 

despite antithrombotic therapy, or an arteriovenous fistula.

–  Usually consists of embolization and occlusion of the vessel243 –  Stenting with distal embolic protection has been reported.244

(b)  Follow-up imaging is necessary because of the potential for aneurysm or 

arteriovenous fistula formation 245

i.  Authors’  preference  is  to  image  the  affected  vessel  noninvasively 

(e.g., CTA) 6 months after the injury.

18.2.2.3.    Penetrating neck injury

1.  Another kettle of fish.

(a)  Some  36%  of  patients  with  penetrating  neck  injuries  have  a  vascular 

injury.246

2.  Mortality  is  higher  but  stroke  rates  are  lower  with  penetrating  neck  injuries 

compared to blunt injury224

(a)  Overall mortality with penetrating cervical vascular injury: 22%

(b)  Overall stroke rate: 15%

i.  Zone 1

–  Between cricoid cartilage and clavicles

–  13% of penetrating neck injuries.247

ii.  Zone 2

–  Cricoid cartilage to angle of mandible

–  67% of injuries.

iii.  Zone 3

–  Angle of mandible to skull base

–   0% of injuries.

3.  Radiographic evaluation

(a)  CT/CTA is first-line.211,248

i.  Sensitivity of CTA in detecting arterial injury in this setting is high 

(90–100%).242,249,250

ii.  Metal and bone artifact can obscure identification of vascular injuries.

(b)  Angiography

i.  In cases where CTA interpretation is limited or a need for endovas-

cular intervention is anticipated.

ii.  Diagnostic  yield  is  very  limited  in  patients  with  Zone  2  injuries 

without physical findings or symptoms of vascular injury.

–  Positive finding in this setting is <1%. 251

iii.  Some centers use selective angiography according to zone.

–  Zone 1 and Zone 3 injuries (symptomatic and asymptomatic) 

are evaluated with angiography.

–  These  zones  are  difficult  to  assess  clinically,  and  surgical 

access is difficult.

–  Zone 2 injuries are explored surgically if they are symptomatic.

4.  Penetrating carotid artery injuries

(a)  Carotid system is involved in 80% of cases.

(b)  ICA occlusion occurs in 36% of cases.252 (c)  ICA pseudoaneurysms are found in 33% of cases. 252
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5.  Penetrating vertebral artery injuries

(a)  Vertebral arteries are involved in 43% of cases.

(b)  Only some 2.6% of patients have symptoms of transient VBI246

6.  Management

(a)  Vascular management of penetrating neck injury is in evolution.

(b)  Endovascular management is gaining favor over surgical exploration and 

repair.253

(c)  A  number  of  series  have  reported  favorable  results  with  endovascular 

management254–256 (Fig. 18.3).

1.  Zone I. Clavicle to cricoid process.

2.  Zone II. Cricoid process to angle of mandible.

3.  Zone III. Angle of mandible to skull base.

[image: ]

 

Fig. 18.3 Penetrating neck trauma. Zones of the neck.

 

18.3.      Fibromuscular dysplasia

[image: ]

 

Fibromuscular  dysplasia  (FMD)  is  a  nonath-

erosclerotic, noninflammatory condition that char-

acteristically  affects  medium-sized  arteries  (e.g., 

the internal carotid, vertebral, coronary, and renal 

arteries).  Classification  is  based  on  the  arterial 

layer affected.

1.  Media

(a)  Medial fibroplasia.  Most  common 

form; ~65% of FMD cases.

i.  Classic  “stack  of  coins”  appear-

ance on angiography (Fig. 18.4).

ii.  Histologically,  the  media  is 

involved and the intima, inter-

nal  elastic  lamina,  and  adven-

titia are spared.

iii.  Associated  with  Ehlers-Danlos 

syndrome (type IV). 257

(b)  Medial hyperplasia.  ~10%  of  FMD 

cases.                                     Fig. 18.4 Fibromuscular dyspla-

i.  Smooth  tubular  stenosis  on  sia: Medial fibroplasia variant. 

angiography (Fig. 18.5). Carotid angiogram showing the 

ii.  May  be  indistinguishable  on  classic “stack of coins” appear-

angiography from intimal fibro- ance of the affected part of the 

plasia.258                                          ICA (arrow).
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Fig. 18.5 Fibromuscular dysplasia: Medial hyperplasia variant. Carotid angiogram 

 

showing medial hyperplasia causing a long tubular stenosis of the ICA (left). The same 

patient’s normal contralateral carotid is shown (right) for comparison.

(c)  Perimedial fibroplasia. ~20% of FMD cases.

i.  Appears on angiography as a focal stenosis, or, occasionally, multiple 

stenoses.

ii.  Characterized by a homogeneous collar of elastic tissue at the junc-

tion of the media and adventitia.259

2.  Intima.

(a)  Intimal fibroplasia. ~1% of FMD cases.

i.  May appear on angiography as a focal concentric stenosis, or a long, 

smooth narrowing.

3.  Adventitia

(a)  Adventitial hyperplasia. <1% of rarest form of FMD.

i.  Localized, tubular stenosis on angiography. 260

 

18.3.1.     Pathogenesis of FMD

1.  Cause is not yet understood.

2.  Risk factors259:

(a)  Hypertension

(b)  Cigarette smoking

3.  Possible causes:

(a)  Alteration of the vaso vasorum

(b)  Repeated microtrauma

(c)  Hormonal deficiency

(d)                               261 α-antitrypsin deficiency (e)  Genetic component262

 

18.3.2.     Cerebrovascular FMD

1.  The extracranial internal carotid and vertebral arteries are affected in 25–30% 

of cases, and there are associated intracranial aneurysms in 7–50% of cases.259
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  2.  Usually discovered as an incidental finding during imaging.

  3.  Bilateral in 85% of cases.263

  4.  Female preponderance (85% of cases).263

  5.  Mean age approximately 50.259

  6.  Typically  affects  the  middle  and  distal  portions  of  the  internal  and  vertebral 

arteries, at the level of C1 and C2.

  7.  Natural history is usually benign.264–266

  8.  Theoretical  elevated  risk  of  complications  during  neurointerventional  proce-

dures (e.g., dissection, perforation).

  9.  Cerebrovascular symptoms are uncommon. Symptoms can result from:

(a)  Stenosis or occlusion of the vessel

(b)  Spontaneous dissection

(c)  Subarachnoid hemorrhage

(d)  Spontaneous vertebro-vertebral arteriovenous fistula 267

10.  Treatment

(a)  Antiplatelet therapy may reduce the risk of thromboembolic events.

(b)  Endovascular  treatment  has  emerged  as  the  primary  approach  in 

patients with symptomatic cerebrovascular FMD.259

i.  Angioplasty alone268,269 ii.  Angioplasty and stent placement270 iii.  Endovascular treatment combined with surgery271
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This  chapter  will  discuss  intracranial  arterial  stenosis  and  occlusion  due  to 

atherosclerosis and moyamoya syndrome.

 

19.1.      Atherosclerotic intracranial 

arterial disease

 

19.1.1.     Prevalence and risk factors

Approximately 8–10% of ischemic strokes are attributable to intracranial athero-

sclerosis.1, 2 In the USA, it is estimated that 40,000–60,000 new strokes per year are due to intracranial atherosclerosis. 3

Distribution of symptomatic intracranial stenosis by location:

1.  Internal carotid – 20.3%

2.  MCA – 33.9%

3.  Vertebral artery – 19.6%

4.  Basilar artery – 20.3%

5.  Multiple arteries – 5.9%

(a)  Percentages  are  taken  from  the  patients  randomized  to  aspirin  in 

WASID.4

Risk factors:

1.  Black, Asian, or Hispanic ethnicity5

(a)  Black  patients  with  TIA  or  stroke  are  more  likely  than  white  patients 

to  have  intracranial  stenosis,  whereas  whites  are  more  likely  to  have 

extracranial carotid atherosclerotic stenosis.1

● In  a  comparison  of  white  and  black  patients  with  symptomatic 

posterior  circulation  disease,  black  patients  had  more  lesions  of 

the  distal  basilar  artery,  more  high-grade  lesions  of  intracranial 

branch vessels, and more symptomatic intracranial branch disease. 

Race was found to be the only factor increasing the risk of intracra-

nial posterior circulation occlusive disease.6

(b)  Asian patients have a higher proportion of MCA stenosis compared with 

Caucasian and black patients.7

● Intracranial  stenosis  is  responsible  for  stroke  in  up  to  33%  of 

Chinese patients.8

2.  Hypertension  is  present  in  up  to  75%  of  patients.9  Diabetes,  coronary  artery 

disease, cigarette smoking, and hypercholesterolemia, and peripheral arterial 

occlusive disease are also strongly associated.

3.  Patients without  carotid  bifurcation  disease  are  more  likely  to  demonstrate 

progression of intracranial stenosis compared with patients with it. 10

4. Metabolic  syndrome  is  present  in  about  50%  of  patients  with  symptomatic 

intracranial  atherosclerotic  disease  and  is  associated  with  a  substantially 

higher risk of major vascular events.

● Metabolic syndrome is a cluster of interrelated risk factors that together 

increase  an  individual’s  risk  of  cardiovascular  disease.11  The  syndrome consists of four main categories of metabolic abnormalities: atherogenic 

dyslipidemia (elevated triglycerides and decreased high-density lipopro-

teins),  increased  blood  pressure,  elevated  plasma  glucose,  and  a  pro-

thrombotic state. Some 24% of US adults have metabolic syndrome.12
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19.1.2.     Etiology of symptoms

Ischemic  symptoms  due  to  intracranial  stenosis  are  believed  to  arise  from  the 

following:

1.  Hypoperfusion13, 14

2.  Thrombosis  at  the  site  of  stenosis  due  to  plaque  rupture,  hemorrhage  within 

the plaque, or occlusive growth of the plaque15, 16

3.  Thromboembolism distal to the stenosis

4.  Occlusion of small perforating arteries at the site of the plaque7, 17

 

19.1.3.     Natural history

Intracranial  stenoses  are  dynamic  lesions  that  may  demonstrate  both  progres-

sion and regression on serial imaging. 10, 18

1.  In  a  study  of  patients  with  intracranial  stenosis  undergoing  repeat  angiog-

raphy at an average interval of 26.7 months, 40% of lesions were stable, 20% 

regressed, and 40% progressed.10

2.  Stenosis progression, as detected by TCD, is an independent predictor of stroke 

recurrence.19

3. Extracranial-intracranial  (EC-IC)  bypass  surgery  appears  to  promote  progres-

sion  of  the  lesion  and  occlusion  of  MCA  in  patients  with  nonoccluded  MCA 

stenosis 18 .

Asymptomatic intracranial stenosis is generally believed to be benign. In a series of 50 patients with asymptomatic MCA stenosis followed for a mean of 351 days, no patient had an ischemic stroke in the corresponding territory.9

The best studies of the natural history of symptomatic stenosis have been from 

several prospective studies of medical therapy. Estimates of the overall annual ipsilat-eral stroke risk in patients with intracranial stenosis from prospective studies range from  2.3  to  nearly  13%.4,  7,  19–22  The  most  definitive  study  so  far  is  the  prospective WASID trial, which found a first-year risk of ischemic stroke in the pertinent vascular territory of 11–12%.4

The natural history of intracranial stenosis is somewhat dependent on the loca-

tion  of  the  lesion.  Although  a  systematic  review  found  no  differences  in  recurrent ipsilateral stroke risk, overall mortality was found to be the lowest for patients with MCA stenosis.23

1.  Mean overall annual mortality23:

a.  MCA stenosis: 6.8%

b.  Vertebrobasilar stenosis: 11.6%

c.  Intracranial ICA stenosis: 12.4%

 

19.1.3.1.    EC/IC Bypass Study

The subset of patients in the EC/IC Bypass Study with MCA stenosis randomized 

to medical therapy had an annual ipsilateral ischemic stroke rate of 7.8% per year.7 The EC/IC Bypass Study is discussed in detail in Chap. 18.

 

19.1.3.2.    Warfarin vs. Aspirin for Symptomatic 

Intracranial Disease (WASID) studies

The WASID studies evaluated two medical management strategies in the treat-

ment of patients with symptomatic intracranial stenosis. Two separate studies were done.  The  first  study  was  retrospective  and  suggested  that  warfarin  is  superior  to aspirin. 24  The  second  study  was  a  prospective,  multicenter,  double-blinded  rand-omized  trial.  Warfarin  was  associated  with  significantly  higher  rates  of  adverse events and did not provide a benefit over aspirin. 4
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Fig. 19.1 WASID technique for measuring intracranial stenosis.

 

The equation used for determining percent stenosis of a major intracranial artery in 

WASID.25 Dstenosis = the diameter of the artery at the site of the most severe degree of 

stenosis and Dnormal = the diameter of the proximal normal artery. Dnormal is selected 

according to the following criteria:

1.   First  choice  (left): The  diameter  of  the  proximal  part  of  the  artery  at  its  widest,  non-

tortuous, normal segment is selected. Stenotic region (arrow); reference area (Dnormal) 

(open arrow).

2.   Second choice (right): If the lesion is at the origin of the vessel, or if the proximal artery 

is diseased (e.g., proximal basilar artery stenosis or M1 segment origin stenosis), the 

diameter  of  the  distal  portion  of  the  artery  at  its  widest,  parallel,  nontortuous  normal 

segment is used. Stenotic region (arrow); reference area (Dnormal) (open arrow).

3.   Third  choice:  If  the  entire  intracranial  artery  was  diseased,  the  most  distal,  parallel, 

nontortuous normal segment of the feeding artery is measured.

 

WASID RETROSPECTIVE STUDY

The  retrospective  study  examined  151  patients  with  symptomatic  intracranial 

atherosclerotic stenosis evaluated by angiography at seven centers between 1985 and 1991. 24 Treatment consisted of either warfarin or aspirin and was determined at the treating physician’s discretion. The mean follow-up period was 14.7 months in the war-farin group and 19.3 months in the aspirin group. The annualized rate of stroke was 3.6% in the warfarin group and 10.4% in the aspirin group (p = 0.01), suggesting that warfarin is superior to aspirin in the treatment of patients with symptomatic intracra-nial stenosis. These findings lead to the organization of the prospective WASID trial.

 

WASID PROSPECTIVE TRIAL

A total of 569 patients with TIA or stroke attributable to angiographically verified 

50–99% stenosis of a major intracranial artery were randomized to receive warfarin (target INR, 2.0–3.0) or aspirin (1,300 mg per day).4 Enrollment was stopped prema-turely (enrollment of 806 patients was originally planned) because of a significantly higher  rate  of  hemorrhage  in  the  warfarin  group.  The  median  time  from  qualifying event to randomization was 17 days, and the mean follow-up period was 1.8 years.

1.  The  primary  endpoint  of  ischemic  stroke,  brain  hemorrhage,  or  death  from 

vascular causes other than stroke:

(a)  21.8% in the warfarin group

(b)  22.1% in the aspirin group (p = 0.83)

2.  Rate of death:

(a)  9.7% in the warfarin group

(b)  4.3% in the aspirin group (p = 0.02)

3.  Major hemorrhage

(a)  8.3% in the warfarin group

(b)  3.2% in the aspirin group (p = 0.01)
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4.  Myocardial infarction or sudden death:

(a)  7.3% in the warfarin group

(b)  2.9% in the aspirin group (p = 0.02)

5.  Rate of death from vascular causes:

(a)  5.9% in the warfarin group

(b)  3.2% in the aspirin group (p = 0.16)

6.  Rate of death from nonvascular causes

(a)  3.8% in the warfarin group

(b)  1.1% in the aspirin group (p = 0.05)

The risk of ischemic stroke in the territory of the stenotic artery at 1 year in patients treated  with  aspirin  was  12%,  and  in  patients  treated  with  warfarin  the  risk  was 11%  (p  =  0.31).  Because  of  the  high  adverse  event  rates  for  patients  treated  with warfarin,  and  lack  of  therapeutic  benefit  of  warfarin  over  aspirin  for  prevention  of ischemic  stroke  caused  by  intracranial  stenosis,  the  WASID  investigators  concluded that  aspirin  should  be  used  in  preference  to  warfarin  for  patients  with  intracranial arterial stenosis.

 

WASID PROSPECTIVE TRIAL SUBGROUP ANALYSES

An analysis of selected subgroups of patients in the WASID trial found no advan-

tage of warfarin over aspirin for preventing the primary endpoint of ischemic stroke, brain  hemorrhage,  or  vascular  death.26  A  statistically  significant  benefit  was  associ-ated with warfarin in patients with symptomatic basilar artery stenosis in terms of the primary endpoint (ischemic stroke, brain hemorrhage, or death from vascular causes other than stroke). However, the sample size and wide confidence intervals of this find-ing diminished the credibility of this finding. Furthermore, there was no difference in the rates of ischemic stroke in the territory of the symptomatic basilar artery between treatment group, and no benefit was found in patients with symptomatic intracranial vertebral  artery  stenosis.  The  WASID  investigators  concluded  that  warfarin  demon-strated no convincing benefit in patients with basilar artery stenosis.

 

WASID PREDICTORS OF ISCHEMIC STROKE IN THE TERRITORY OF A SYMPTOMATIC INTRACRANIAL STENOSIS

The  majority  of  strokes  (73%)  in  WASID  patients  were  in  the  territory  of  the 

stenotic artery. 27 The risk of stroke in the territory of the stenotic artery was greatest in patients with the following characteristics:

1.  Severe (≥70%) stenosis (p = 0.0025).

2.  Patients enrolled early (≤17 days) (p = 0.028).

3.  There was a statistical trend toward an increased risk for women (p = 0.051)

4.  Location of stenosis, type of qualifying event, and prior use of antithrombotic 

medications were not associated with increased risk.

19.1.3.3.    GESICA study

The  GESICA  Study  (Groupe  d’Etude  des  Sténoses  Intra-Crâniennes 

Athéromateuses  symptomatiques)  was  a  prospective,  multicenter  nonrandomized study in France. 22 A total of 102 patients with symptoms attributable to intracranial stenosis ≥50%  indicated  by  either  angiography  or  ultrasonography  were  enrolled. Optimal medical therapy was left to the discretion of the local investigators. The mean follow-up period was 23.4 months.

1.  The annualized risk of a cerebrovascular event (TIA or stroke) in the territory 

of the affected artery was 19.2%.

(a) Annualized risk of TIA: 12.6%.

(b) Annualized risk of stroke: 7.0%

 

19.1.4.     Medical treatment of symptomatic 

intracranial stenosis

Medical management of symptomatic intracranial stenosis consists of antiplate-

let  therapy,  strategies  to  treat  hyperlipemia,  and  aggressive  control  of  medical  risk factors,  such  as  diabetes,  hypertension,  and  cigarette  smoking.  Medical  therapy  of 
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1.  Aggrenox™ (Boehinger Ingelheim Pharmaceuticals, Inc.)

(a)  Aspirin (25 mg) plus extended-release dipyridamole (200 mg) PO BID has 

been found in a randomized trial to reduce risk of recurrent stroke. 28

2.  Atorvastatin (Lipitor®, Pfizer, Inc.)

(a)  High-dose atorvastatin (80-mg PO QD) was found in a randomized trial 

to reduce the risk of recurrent stroke.29

(b)  Note:  Myalgia  is  a  common  side  effect;  myopathy  and  rhabdomyolysis 

occur in <0.01% of patients. Blood work including serum creatinine, crea-

tine kinase (CK), and liver function tests should be done prior to starting 

the drug and at 3 months on the drug.

3.  Antihypertensive agents, as needed.

4.  Tight control of serum glucose, for diabetic patients.

5.  Smoking cessation.

 

19.1.5.     Intracranial angioplasty and stenting

Intracranial  angioplasty  with  or  without  stenting  is  beginning  to  emerge  as  an 

acceptable treatment in selected patients. However, the efficacy of the technique is dif-ficult to assess from the existing literature due to (1) rapidly evolving technology; (2) a wide variety of techniques reported in the literature; and (3) a paucity of prospective data, and the complete absence of randomized trial data. Most single-center series have reported  on  angioplasty  alone,30–34  or  angioplasty  and  stenting  with  balloon-mounted coronary  stents. 33,  35  Angioplasty  without  stenting  is  associated  with  a  significant risk  of  restenosis, 30  which  has  lead  to  interest  in  angioplasty  with  stenting.  Balloon-mounted coronary stents, however, are limited by the low flexibility of coronary stent system, the high inflation pressures needed to deploy balloon-mounted stents in fragile intracranial vessels, and the risk of shearing the stent from the balloon while navigat-ing to the target lesion.36 The best studies of intracranial angioplasty and stenting are the            37                    36 SSYLVIA and Wingpan studies, both of which were prospective, nonrandomized studies using devices specifically designed for the treatment of intracranial stenosis.

A Cochrane systematic review of 79 publications of intracranial angioplasty with 

or without stenting found the following38:

1.  Overall perioperative stroke rate of 7.9%

2.  Perioperative death rate of 3.4%

3.  Perioperative rate of stroke or death of 9.5%

 

19.1.5.1.    Stenting of Symptomatic Atherosclerotic 

Lesions in the Vertebral or Intracranial 

Arteries (SSYLVIA)

The  SSYLVIA  trial  was  a  multicenter,  nonrandomized,  prospective  feasibil-

ity  study  of  the  Neurolink ®  intracranial  stent  system  (a  product  of  the  Guidant Corporation,  which  is  now  part  of  Boston  Scientific)  for  treatment  of  vertebral  or intracranial  artery  stenosis. 37  The  Neurolink  stent  is  a  balloon-mounted  device.  A total  of  43  patients  with  symptomatic  intracranial  stenosis  and  18  patients  with extracranial vertebral artery stenosis were enrolled.

1.  Successful stent placement was achieved in 95% of cases.

2.  Thirty-day periprocedural stroke rate: 6.6%. No deaths occurred. Two strokes 

occurred during the procedure.

3.  At  6-month  angiographic  follow-up,  restenosis  of  >50%  occurred  in  32.4%  of 

intracranial vessels and 42.9% of extracranial vertebral arteries.

(a)  39% of the recurrent stenoses were symptomatic.

4.  Strokes in the distribution of the target lesion occurring after 30 days but by 12 

months were seen in 7.3% of patients.

Based  upon  this  study,  the  FDA  granted  a  humanitarian  device  exemption  to  treat patients with significant intracranial and extracranial atherosclerotic disease by bal-loon angioplasty and stent placement. Boston Scientific is not currently marketing the Neurolink device, in favor of the Wingspan® system.
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The  Wingspan™                      ™  Stent  System  with  Gateway  PTA  Balloon  Catheter  (Boston 

Scientific  SMART,  Fremont,  CA)  was  designed  for  the  treatment  of  intracranial atherosclerotic  stenosis.  Prestent  dilation  of  the  lesion  is  done  with  the  angioplasty balloon,  and  the  stent,  a  self-expanding  nitinol  device,  is  then  deployed.  The  device received  FDA  approval  as  a  new  humanitarian  device  in  August  2005  (http:// www.fda.gov/cdrh/mda/docs/h050001.html).  The  Wingspan  Study  was  a  prospective, multicenter  nonrandomized  study  of  the  devices  in  medically  refractory  patients with  recurrent  symptoms  attributable  to  in  intracranial  stenosis ≥50%  in  a  vessel 2.5–4.5 mm in diameter.36 A total of 45 patients were enrolled. The mean initial degree of stenosis was 77.9%, and the mean lesion length was 7.2 mm.

1.  The stent was successfully deployed in 97.8% of cases.

(a)  Procedural  adverse  events  were  reported  in  27%  of  patients  but  none 

resulted in permanent sequelae.

2.  The  degree  of  stenosis  was  reduced  from  a  baseline  of  74.9%  to  31.9%  after 

stenting.

3.  The 30-day composite stroke/death rate was 4.5%.

4.  Clinical follow-up at 6 months:

(a)  Ipsilateral stroke/death rate: 7.0%

(b)  Incidence of all strokes: 9.7%

(c)  All-cause mortality: 2.3%

5.  Angiographic follow-up at 6 months:

(a)  Mean degree of stenosis: 28%.

(b)  Three patients (6.8%) showed restenosis >50%; all were asymptomatic.

In  contrast  to  SSYLVIA,  which  reported  a  rate  of  restenosis  >50%  of  32.4%  at  6 months,  the  mean  degree  of  stenosis  at  6  months  in  the  Wingspan  Study  was  not significantly different from the degree of stenosis immediately after the procedure.

19.1.5.3.    Other notable studies

1.  MORI 1998

Mori et al. reported on angioplasty without stenting in 42 patients with intracra-

nial stenosis >70% stenosis.30, 31 The risk of recurrent stenosis was strongly associated with lesion length and complexity:

Rate of restenosis

Lesion length and geometry          at 3 months

Type A    ≤5 mm, concentric or moderately eccentric        0 Type B    5–10 mm, extremely eccentric or totally           30.8%

occluded

Type C    >10 mm, >90% angulation, or totally occluded    66.7%

2.  MARKS 2006

Report  of  120  patients  with  intracranial  stenosis ≥50%  who  were  treated  with 

angioplasty  without  stenting.34  A  total  of  116  patients  were  available  for  a  mean follow-up time of 42.3 months.

(a)  Degree of stenosis was reduced by angioplasty from a mean of 82.2% to 36.0%.

(b)   Combined 30-day periprocedural stroke and death rate was 5.8%.

(c)  Annual postprocedure stroke rate was 3.2% in the territory of treatment and 

annual overall stroke rate was 4.4%.

19.1.5.4.  Position statement on intracranial angioplasty 

and stenting for cerebral atherosclerosis 

by the ASITN, SIR, and ASNR3:

1.  For symptomatic patients with >50% intracranial stenosis, who have failed medi-

cal therapy, balloon angioplasty with or without stenting should be considered.

2.  Patients who have an asymptomatic intracranial arterial stenosis should first 

be  counseled  regarding  optimizing  medical  therapy.  There  is  insufficient  evi-
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dence to make definitive recommendations regarding endovascular therapy in 

asymptomatic  patients  with  severe  intracranial  atherosclerosis.  They  should 

be  counseled  regarding  the  nature  and  extent  of  their  disease,  monitored 

for  new  neurological  symptoms,  and  have  periodic  noninvasive  imaging  at 

regular intervals of 6–12 months (MRA or CTA) initially, and then by cerebral 

angiography if warranted. At a minimum, optimal prophylactic medical therapy 

should be instituted, which might include antiplatelet and/or statin therapy.

3.  Continued evaluation and improvements in both pharmacological and catheter-

based  therapies  are  needed  to  reduce  the  stroke  burden  from  intracranial 

atherosclerosis.

Note: ASITN, American Society of Interventional and Therapeutic Neuroradiology, 

SIR Society of Interventional Radiology, ASNR American Society of Neuroradiology

 

19.2.      Moyamoya disease and moyamoya 

syndrome

 

Moyamoya disease (aka spontaneous occlusion of the circle of Willis) is a nonath-

erosclerotic progressive steno-occlusive arteriopathy that most frequently affects the intracranial ICAs and proximal segments of the MCAs and ACAs. It may also involve the posterior circulation. Spontaneous occlusion of the major intracranial arteries is typically accompanied by the appearance of a tuft of fine collateral vessels at the base of  the  brain. Moyamoya  is  a  Japanese  word  meaning puff  of  smoke,  or ambiguous, which  are  descriptions  not  only  of  the  tuft  of  collaterals  but  also  the  obscure  etiol-ogy  of  the  syndrome,  which  remains  unelucidated.39  The  term  moyamoya disease  is reserved for those cases in which the intracranial vascular changes are primary and truly idiopathic, whereas moyamoya syndrome (aka secondary moyamoya, moyamoya phenomenon,  syndromic  moyamoya,  quasi-moyamoya,  or  moyamoya-like  vascular changes) is used with the intracranial vascular changes that occur in association with another condition, such as cranial radiation or neurofibromatosis type 1.40

 

19.2.1.     Epidemiology

Ethnicity plays a major role. Japan and South Korea appear to have the highest 

concentrations of patients with moyamoya disease.

1.  Japan:

(a)  Approximately  3,900  patients  in  Japan  were  treated  for  moyamoya  in 

1994. 41

(b)  Prevalence rate of 3.16 and annual incidence of 0.35 per 100,000.

●                                                        42 Approximately 100 new cases are identified each year.

(c) Male to female ratio: 1:1.8.

(d) Peak ages are 10–14 years and 40s.

● Age at onset is <10 years in 47.8% of the patients; some develop the 

disease at the age of 25–49 years.

2.  South Korea:

(a) Female predominance and bimodal age distribution pattern are similar 

to  those  seen  in  Japanese  patients.  The  incidence  of  adult  moyamoya 

disease  in  South  Korea  is  20%  higher  than  that  in  Japanese  patients, 

and the incidence of familial moyamoya syndrome is only 1.8%.43

3.  China:

(a)  Data  on  moyamoya  in  China  is  very  limited.  Two  reports  indicate  the 

following:

● More  common  in  males  and  the  average  age  of  onset  is  higher, 

compared with Japanese patients. 44, 45

● One  report  has  attributed  the  majority  of  cases  (53%)  in  China 

to  leptospiral  arteritis,  and  found  that  81.4%  of  patients  with 

moyamoya syndrome have positive leptospiral test results.44

4.  North America:

(a) The overall incidence of moyamoya syndrome in California and Washington 

is 0.086 per 100,000. 46

●   Male to female ratio: 1:2.15
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● Incidence per 100,000 is highest among Asian Americans and low-

est among Hispanics:

–  Asian Americans: 0.28

–  African Americans 0.13

–  Whites: 0.06

–  Hispanics: 0.03

●   Median age of onset is as follows:

–  Asian Americans: 36

–  African Americans: 18

–  Whites: 32

–  Hispanics: 21

● Sickle cell disease likely accounts for the relatively high incidence 

and  low  age  of  onset  among  African  Americans;  when  patients 

with sickle cell disease were excluded, the incidence among African 

Americans was similar to that in whites.

(b)  The prevalence of moyamoya disease in Hawaii appears to be higher than 

in the rest of the USA.47

5.  Europe:

(a)  A  survey  of  European  centers  lead  to  an  estimate  of  the  incidence  of 

moyamoya to be about 1/10 the incidence in Japan. 48

(b)  A slightly higher incidence in Eastern Europe has been hypothesized to 

be due to the Mongolian invasion of Europe, which may have spread the 

genetic predisposition for moyamoya disease.49

 

19.2.2.     Pathophysiology

The primary lesion in moyamoya disease is progressive fibrocellular thickening 

of the intima. 50–52 The intima acquires an onion-like appearance, consisting of fibro-cellular materials, but without lipids or calcification as is seen in atherosclerosis. 53 The  internal  elastic  lamina  is  also  abnormal,  becoming  infolded,  tortuous,  redun-dant, and fragmented. 54 The media is thinned, with a diminished number of smooth muscle cells. 52 No inflammatory changes are seen. Intimal thickening has also been found in the superficial temporal arteries of patients with moyamoya.55 Histological analysis has shown thrombotic lesions in the affected intracranial vessels in 54% of cases.56

The  secondary  lesions  in  moyamoya  syndrome  are  dilated,  tortuous  thalam-

ostriate  and  lenticulostriate  arteries  at  the  base  of  the  brain.  These  vessels  do  not appear to be normal collateral vessels that would be expected to develop in response to chronic occlusion of major arteries. They exhibit thinned and fragmented internal elastic  laminae,  medial  fibrosis,  microaneurysms,  and  areas  of  rupture.50  Stenosis of these vessels, due to fibrous intimal thickening and thrombosis, is seen in 50% of cases. 50

The  etiology  of  moyamoya  disease  is  unknown.  Several  mechanisms  have  been 

implicated:

1.  Primary defect in smooth muscle cells.

(a)  Deoxyribonucleic acid synthesis experiments involving cultured smooth 

muscle  cells  from  moyamoya  patients  indicate  that  the  cells  are  less 

responsive  to  their  normal  mitogens.  This  suggests  that  there  be  a 

derangement in the vessel wall repair mechanism that leads to long-term 

proliferation of cells and progressive occlusion of the vessel lumen. 57

2.  Role of angiogenic factors.

(a)  Basic  fibroblast  growth  factor  (bFGF).  Elevated  levels  of  bFGF  have 

been  found  in  the  CSF58,  59                                                    60 ,  superficial  temporal  artery,  and  in  the affected  ICA61  of  patients  with  moyamoya  disease.  Basic  FGF  is  a potent  angiogenic  factor.  It  is  not  clear  whether  elevation  of  bFGF  is  a 

primary event in the pathogenesis of moyamoya, or an epiphenomenon 

in  response  to  chronic  ischemia.  Interestingly,  elevated  CSF  bFGF  cor-

relates with the degree of angiogenesis seen with indirect revasculariza-

tion procedures in patients with moyamoya disease. 59, 62

(b)  Elevated  expression  of  transforming  growth  factor  beta  1  has  been 

found in cultured smooth muscle cells and in serum from patients with 

moyamoya disease.63

(c)  Hepatocyte  growth  factor,  an  angiogenic  factor,  is  elevated  in  CSF  and 

intracranial arteries in patients with moyamoya disease.64

3.  Alteration in metaloproteinase gene expression.
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(a)  The  association  analysis  of  tissue  inhibitor  of  metalloproteinase  2  in 

17q25 showed that a polymorphism in the promoter region was markedly 

associated with familial moyamoya disease.65

4.  Excessive prostaglandin synthesis.

(a)  Cultured  smooth  muscle  cells  from  moyamoya  patients  produce  excess 

amounts  of  prostaglandin  E(2)  in  response  to  stimulation  with  inter-

leukin-1  beta.66  This  may  increase  vascular  permeability  and  exposure of the vessels to blood constituents, leading to intimal thickening.

5.  Role of Epstein-Barr virus (EBV) infection.

(a)  Antibody  titers  of  EBV  are  significantly  elevated  in  patients  with 

moyamoya  disease,67  raising  the  possibility  that  EBV  infection  may  be involved.

 

19.2.3.     Diagnosis of moyamoya disease

The Ministry of Health and Welfare in Japan has established guidelines for the 

diagnosis of moyamoya disease.68 The diagnosis may be made by catheter angiogra-phy or MRI and MRA. Cases are defined as either definite or probable, depending on which criteria are satisfied.

 

19.2.3.1.    Diagnostic criteria

1.  Cerebral angiography should demonstrate the following findings:

(a)  Stenosis or occlusion at the terminal portion of the ICA and/or the proxi-

mal portion of the ACA and/or MCA.

(b)  Abnormal  vascular  networks  in  the  vicinity  of  the  occlusive  or  stenotic 

lesions.

(c)  These findings should be present bilaterally.

2.  When MRI and MRA clearly demonstrate all of the findings listed later, cath-

eter angiography is not mandatory.

(a)  Stenosis or occlusion at the terminal portion of the ICA and at the proxi-

mal portion of the ACA and MCA.

(b)  An abnormal vascular network in the basal ganglia on MRA. An abnor-

mal vascular network can be diagnosed on MRI when >2 apparent flow 

voids are seen in one side of the basal ganglia.

(c)  (1) and (2) are seen bilaterally.

3.  Other  causes  are  excluded.  Because  the  etiology  of  the  disease  is  unknown, 

associated  cerebrovascular  diseases  or  conditions  should  be  excluded.  These 

include, but are not limited to the following:

(a)  Arteriosclerosis

(b)  Autoimmune disease

(c)  Meningitis

(d)  Brain neoplasm

(e)  Down syndrome

(f)  Neurofibromatosis type 1

(g)  Head trauma

(h)  Cranial irradiation

4.  Pathological findings that can be helpful in the diagnosis are as follows:

(a)  Intimal  thickening  that  causes  stenosis  or  occlusion  of  the  lumen  is 

observed  in  and  around  the  terminal  portion  of  the  internal  carotid 

artery. Lipids deposition is occasionally seen in the proliferating intima.

(b)  Arteries of the circle of Willis often show stenosis or occlusion associated 

with fibrocellular thickening of the intima, waving of the internal elastic 

lamina, and attenuation of the media.

(c)  Numerous  small  arteries  (perforating  and  anastomotic  branches)  are 

observed around the circle of Willis.

(d)  Reticular conglomerates of small vessels are often seen in the pia mater.

19.2.3.2.    Diagnosis

1. Definite case: Either all criteria in (1) or all criteria in (2) and (3) are fulfilled. 

In children, however, a case that fulfills [1, (a) and (b)] or [2, (a) and (b)] on one 
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side and demonstrates narrowing at the terminal portion of the internal carotid 

artery on the opposite side is also considered to be a definite case.

2. Probable case: Either [1, (a) and (b)] or [2, (a) and (b)] and (3)] are fulfilled (i.e., 

unilateral involvement).

 

19.2.4.     Evaluation

19.2.4.1.    CT

Significant abnormal findings on CT are present in 92% of cases.69 These include 

cortical  atrophy,  ventricular  dilatation,  and  irregular,  multiple  or  bilateral  lucent areas in the cortex, white matter, and central gray matter.

19.2.4.2.    Angiography

Although  a  diagnosis  of  moyamoya  disease  may  be  made  with  MRI  and  MRA 

alone,68  the  authors  of  this  handbook  recommend  catheter  angiography  in  most patients  and  all  adults  suspected  of  having  moyamoya  disease  or  moyamoya  syn-drome.  Angiography  in  children  with  moyamoya  disease  is  not  associated  with a  higher  rate  of  complications  compared  with  angiography  in  children  without moyamoya.70  Angiography  is  the  best  imaging  technique  to  distinguish  high-grade stenosis  from  occlusion,  identify  intracranial  aneurysms,  and  assess  collateral  cir-culation.  Importantly,  angiography  is  critical  for  planning  surgical  procedures;  for instance, angiography can best demonstrate transdural collateral vessels that should be preserved during revascularization procedures.

1.  Angiographic staging of moyamoya disease is summarized in Table 19.1. Stage 

4 is the most common stage at presentation. Angiographic stage is usually more 

advanced in more elderly patients.72

2.  Stenosis or occlusion of the intracranial ICA and/or the A1 and M1 segments 

are seen in all cases.

3.  Stenosis or occlusion of the PCA is seen in 43% of cases.73

4.  Involvement of the ECA is usually not seen,74 although stenosis of branches of 

the ECA was reported in 20% of cases in one series.75

5.  Abnormal moyamoya vessels may be seen in several locations.

(a)  Basal ganglia – branches of the circle of Willis

(b)  Ethmoidal region – branches of the ICA and ophthalmic artery 76 (c)  Cerebral hemispheres (i.e., vault moyamoya) – branches of the anterior 

falx,  middle  meningeal,  occipital,  tentorial,  and  superficial  temporal 

arteries77

(d)  Posterior  choroidal,  thalamogeniculate,  and  other  thalamoperforating 

arteries 78

6.  The extensive development of basal moyamoya vessels is a sign of severe hemo-

dynamic impairment in adult patients with ischemic moyamoya disease.79

7.  Moyamoya vessels may recede after surgical revascularization. 80

8.  Intracranial  aneurysms  are  present  in  about  10%  of  cases.81–84  They  are 

attributable  to  abnormal  hemodynamic  patterns,  or  for  those  that  arise  from 

Table 19.1 Angiographic stages of moyamoya disease

Stage                       Angiographic findings

1        Stenosis of the supraclinoid ICA. Usually bilateral. No other abnormalities.

2        Initiation of moyamoya vessels at the base of brain.

3 Intensification of moyamoya vessels. Increased stenosis or occlusion of the ICA, 

MCA, or ACA.

4        Complete occlusion of the ICA with some reduction in moyamoya vessels. First 

appearance of collaterals from ECA branches. Most common stage at presentation.

5 Further reduction of moyamoya vessels with increased collateralization from ECA.

6        Complete absence of major intracranial arteries and moyamoya vessels. 

Uncommon.

From Suzuki and Takaku71
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moyamoya vessels, abnormal vessel architecture. Aneurysms are found in three 

locations:85

(a)  Circle of Willis, mostly in the posterior circulation: 60% of cases.

(b)  Peripheral cerebral arteries, such as the anterior or posterior choroidal 

arteries: 20%.

(c)  Abnormal moyamoya vessels: 20%.

9.  Persistent primitive arteries have been observed in both moyamoya disease and 

moyamoya syndrome at higher frequencies that in the general population.86

19.2.4.3.    MRI

1.  MRI findings in moyamoya disease:87–90

(a)  Stenosis or occlusion of the distal ICA or proximal ACA and MCA

(b)  Signal voids in the basal ganglia

(c)  Marked leptomeningeal enhancement on postcontrast images

(d)  Evidence of infarction, atrophy, and ventriculomegaly

(e)  Hemorrhage

2.  Compared  with  conventional  angiography,  the  sensitivity  and  specificity  of 

MRI plus MRA in the diagnosis of moyamoya disease is 92 and 100%, respec-

tively.87

(a)  Basal cerebral moyamoya vessels were depicted on MRI in 92% of cases 

and on MRA in 81% of cases 87

3.  In  a  series  of  30  patients  with  moyamoya  disease,  all  showed  clear  evidence 

on MRI of bilateral stenosis or occlusion of the supraclinoid ICA and proximal 

ACAs and MCAs.88 Parenchymal lesions were apparent on MRI in 80% of cases. 

White  matter  infarctions  are  the  most  frequent  parenchymal  lesions  and  are 

seen in 73% of cases.

4. Ivy  sign:  Marked  diffuse  leptomeningeal  enhancement  on  postcontrast 

T1-weighted and FLAIR images.90–92 Considered to represent the fine vascular 

network over the pial surface.

19.2.4.4.    Cerebral blood flow studies

CBF  imaging  techniques  for  moyamoya  patients  include  PET,93 94,  133   xenon  CT,

Xe,95–97 and SPECT.98, 99 Regional CBF in patients with moyamoya is characteristically diminished in the frontal and temporal lobes, and elevated in the posterior circulation territory  (cerebellum  and  occipital  lobes),  and  in  central  brain  structures  that  are involved with basal moyamoya vessels. The degree of hemodynamic stress in patients with moyamoya disease varies greatly between patients.100 CBF studies can help pre-dict the risk of stroke 94                                                        101 and the success of revascularization surgery.

19.2.4.5.    EEG

EEG findings are nonspecific in adults with moyamoya. Although EEG used to 

be a screening tool for children suspected of having moyamoya disease, it is currently considered  to  be  somewhat  obsolete  for  this  purpose.85  Characteristic  EEF  findings may be observed in children with moyamoya disease. These include the following102:

1.  Low-amplitude slow waves, aka hemispheric posterior slowing or centrotempo-

ral slowing.

2.  Sleep spindle depression.

3. Rebuildup  phenomenon:  Hyperventilation  characteristically  causes  a  buildup 

of  slow  waves  that  resolves  within  20–60 s  after  hyperventilation.  In  70%  of 

cases, buildup of slow waves appears after the original buildup had returned to 

baseline. Rebuildup of slow waves has been localized to the deep cortical sulci in 

regions of hemodynamic failure.103 This phenomenon disappears after surgery 

for moyamoya,104                                                              102 and is not observed in adults with moyamoya.

 

19.2.5.     Clinical features of moyamoya disease

The classic description of moyamoya disease separates the juvenile form from the 

adult  form.  This  corresponds  to  the  bimodal  age  distribution  –  with  a  higher  peak around 5 years of age and a lower peak during the forth and fifth decades – and the 
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1.  Juvenile form:

(a)  Initial signs and symptoms on admission105:

●   Motor deficit: 81.5% ●   Headache: 27.2%

●   Mental retardation: 19.8% ●   Speech disturbance: 17.3% ●   Sensory disturbance: 16.0% ●   Seizure: 6.2%

●   Involuntary movement: 6.2%

(b)  Neurological  symptoms  are  often  precipitated  by  hyperventilating  dur-

ing activities such as crying or blowing.39

(c)  Intracranial hemorrhage and aneurysms are rare.39 (d)  Mental retardation has been described in >50% of cases, and the onset of 

ischemic symptoms in patients <5-years old is associated with progres-

sive mental retardation.106

(e)  Symptoms in children often stabilize over time, as collateral circulation 

develops  and  an  age-dependent  decrease  in  CBF  demand  by  the  brain 

occurs.39

2.  Adult form:

(a)  Intracranial hemorrhage is the presenting event in >60% of cases.83

●                                        107 Bleeding may arise from the following:

–  Abnormal vascular networks

–  Intracranial aneurysms

● About  1/3  of  patients  presenting  with  hemorrhage  will  have 

another hemorrhage within days to years of the initial event. 83

(b)  Intraventricular  hemorrhage  is  the  most  common  form  of  hemorrhage, 

present in 69% of patients presenting with hemorrhage.108

(c)  Mortality  in  the  acute  phase  is  2.4%  with  infarction  and  16.4%  with 

hemorrhage.85

(d)  Risk  of  rehemorrhage:  In  a  series  of  42  patients  with  hemorrhagic 

moyamoya  disease  followed  for  a  mean  of  80.6  months,  the  average 

annual  rebleeding  rate  was  7.09%  per  person.108  After  rebleeding,  the rate of good recovery fell from 45.5 to 21.4% and the mortality rate rose 

from 6.8 to 28.6%.

(e)  Long-term clinical outcome:

● Overall, some 75% of the patients in Japan with moyamoya disease 

have normal activities of daily life or working ability, even prior to 

treatment.41

3. Unilateral  disease  (aka probable  moyamoya  disease):  There  is  some  evidence 

that unilateral moyamoya disease is distinct from typical bilateral moyamoya 

disease.

(a)  Progression to bilateral disease:

● In an analysis of 180 cases of unilateral disease in Japan, only 7% 

developed  into  the  definite  type  in  an  average  follow-up  period  of 

6.6 years.109

● In a South Korean series, 2 of 7 unilateral cases (28.5%) progressed 

to bilateral involvement in a mean follow-up period of 5.4 years.110

● In a North American series of 18 patients with unilateral disease 

(defined  as  no,  equivocal,  or  mild  involvement  of  the  contralat-

eral  side),  progression  to  bilateral  disease  was  seen  in  7  patients 

(38.9%) at a mean follow-up of 12.7 months.111

–  The  presence  of  mild  or  equivocal  contralateral  disease 

was  an  important  predictor  of  progression;  although  75% 

of  patients  with  mild  or  equivocal  contralateral  findings 

progressed, only 10% of patients with no initial contralateral 

findings progressed.

(b)  Unilateral  disease  appears  to  be  more  common  among  adults  than 

among children.109

(c)  Familial  occurrence  is  less  common  in  patients  with  unilateral  dis-

ease.112, 113

690                  19.2. Moyamoya disease and moyamoya syndrome                    INTRACRANIAL CEREBROVASCULAR OCCLUSIVE DISEASE

(d)  CSF  levels  of  bFGF  are  lower  in  patients  with  unilateral  disease  com-

pared with patients with definite moyamoya disease.112

4. Asymptomatic moyamoya disease: A prospective study followed 40 patients with 

asymptomatic moyamoya disease at 12 centers in Japan for a mean period of 

43.7 months.72 Six of these patients underwent surgical revascularization.

(a)  On initial evaluation, 20% of patients had radiographic evidence of 

infarction and 40% exhibited disturbed cerebral hemodynamics.

(b)  The annual risk for any stroke was 3.2%. Of 34 patients treated with-

out surgery, 7 had a neurologic event during the follow-up period, 3 

had a TIA, 1 had an ischemic stroke, and 3 had hemorrhage.

(c)  No  cerebrovascular  event  occurred  in  the  six  patients  who  under-

went surgical revascularization.

 

19.2.6.     Familial moyamoya disease

1.  Definition of familial moyamoya disease: when at least one first-degree relative 

is affected.114

(a)  Compared with the general population, first- or second-degree relatives 

of  patients  with  moyamoya  disease  have  a  30-  to  40-fold  risk  of  having 

the disease.115

2.  Approximately 10% of moyamoya disease cases are familial.41, 116–118

(a)  A  family  history  of  moyamoya  is  present  in  about  1.8%  of  Korean 

patients43

3.  Mean  age  of  onset  (11.8  years)  is  significantly  lower  compared  with  that  in 

sporadic moyamoya disease (30 years).114

4.  Greater female preponderance compared with sporadic moyamoya disease

(a)  Male:female ratio is (1:5) 114            115 or 1:3.3.

5.  Mode of inheritance is autosomal dominant with incomplete penetrance. 119

6.  Familial moyamoya has been linked to chromosomes 3p24.2–p26, 6q25, 8q23, 

12p12, and 17a25.120–123

7.  Familial moyamoya disease is associated with

(a)  Systemic lupus erythematosus. 124 (b)  Basilar apex aneurysms. 125

8.  Screening  with  MRA  has  been  recommended  for  family  members  of  patients 

with moyamoya disease. 126

 

19.2.7.  Conditions associated with moyamoya 

syndrome

A  large  number  of  systemic  conditions  and  other  factors  have  been  associated 

with moyamoya. The presence of one of these factors in a patient with moyamoya-type radiographic findings may indicate that the patient has moyamoya syndrome, rather than  the disease,  particularly  if  the  patient  is  not  Asian.  Caution  must  be  used  in interpreting these associations, because many of them are based only on case reports. Among non-Asian patients with moyamoya syndrome, Down syndrome, sickle cell dis-ease, and a history of cranial irradiation are the most established associated factors.

1.  Autoimmune disorders

(a)  Graves disease127, 128 (b)  Sjögren syndrome 129, 130 (c)  Primary antiphospholipid syndrome131, 132 (d)  Systemic lupus erythematosus124, 130, 133

2.  Infections

(a)  Pnemococcal meningitis 134 (b)  Tuberculosis135, 136 (c)  Leptospirosis 44

(d)  Congenital human immunodeficiency virus infection137

3.  Hematological disorders

(a)  Sickle cell disease46, 138 (b)  Aplastic anemia 139 (c)  Fanconi anemia140, 141 (d)  Hereditary spherocytosis142 (e)  Thalassemia143

(f)  Hemophilia A 144
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(g)  Thrombocytopenic purpura145 (h)  Hemolytic anemia 146

(i)  Essential thrombocytopenia147 (j)  Acute lymphoblastic anemia148 (k)  Protein C or S deficiency149–152 (l)  Hageman factor (Factor XII) deficiency 153

4.  Metabolic disorders

(a)  Hyperlipoproteinemia type 2A 154 (b)  Glycogen storage disease type 1155 (c)  Pseudoxanthoma elasticum156 (d)  Hyperthyroidism157

(e)  Impaired NADH-CoQ reductase activity

(f)  Hyperhomocysteinemia158

5.  Genetic syndromes

(a)  Down syndrome46, 159

(b)  Neurofibromatosis type I46, 160 (c)  Apert syndrome161

(d)  Turner syndrome 162

(e)  Williams syndrome163

(f)  Tuberous sclerosis 164

(g)  Osteogenesis imperfecta165 (h)  Noonan syndrome 166, 167

(i)  Costello syndrome168

(j)  Alagille syndrome 169, 170

(k)  Smith-Magenis syndrome171 (l)  Trisomy 12p syndrome172

6.  Connective tissue or collagen vascular syndromes

(a)  Fibromuscular dysplasia 173 (b)  Polycystic kidney disease174 (c)  Marfan syndrome175

(d)  CREST syndrome176

7.  Neoplasms

(a)  Craniopharyngioma177

(b)  Pituitary adenoma178

(c)  Brainstem glioma179

(d)  Wilm’s tumor 180

8.  Medications and recreational drugs

(a)  Oral contraceptives181

(b)  Cocaine182, 183

9.  Radiation

(a)  Cranial irradiation184–186

10.  Other disorders or factors

(a)  Atherosclerosis187

(b)  Behcet’s disease188

(c)  Morning glory syndrome189 (d)  Brain AVM190, 191

(e)  Cerebral arterial dolichoectasia192 (f)  Persistent primitive arteries 86, 193 (g)  Renovascular hypertension194, 195 (h)  Phakomatosis pigmentovascularis type IIIb196 (i)  Pulmonary sarcoidosis197 (j)  Heterotopic ossification 198 (k)  Congenital heart disease199 (l)  Head injury200

(m) Hirschsprung disease201

(n)  Peripheral vascular occlusive disease202

19.2.7.1.    Clinical features of moyamoya disease 

and syndrome in North American patients

The  manifestations  of  moyamoya  disease  appear  to  be  fundamentally  different 

in  North  American  (and  European)  patients  compared  with  Japanese  and  Korean patients.84, 85 Cerebral ischemia and not hemorrhage appears to be the most common presentation  in  adults  in  North  America  and  Europe.83,  84  In  addition,  moyamoya syndrome seems to be more common than the disease in North America,203 whereas 

 

692                  19.2. Moyamoya disease and moyamoya syndrome                    INTRACRANIAL CEREBROVASCULAR OCCLUSIVE DISEASE the reverse is true in Japan.85 Conditions associated with moyamoya syndrome, there-fore,  play  a  greater  role  in  the  clinical  features  of  affected  American  and  European patients. Two publications from centers in the USA have shed light on these issues:

1.                  84 Chiu  1998:  Series  of  35  patients  from  Houston,  TX  with  moyamoya  dis-

ease.  Mean  age  was  32  years  (range:  6–59).  Thirty-two  patients  had  definite 

moyamoya disease and three had probable disease. Only two patients were of 

Asian descent. The male to female ratio was 1:2.5. The mean follow-up period 

was 40 months after diagnosis.

(a)  Ischemic stroke or TIA was the initial symptom in both adults and chil-

dren, occurring on presentation in 75% of patients overall. Of the adult 

patients,  88%  presented  with  ischemic  symptoms  and  11.5%  presented 

with hemorrhage. The crude stroke recurrence rate was 10.3% per year.

● The stroke recurrence risk was highest in the first year after diag-

nosis (18%) and decreased to 5% per year thereafter.

(b)  IVH  was  the  most  common  form  of  hemorrhage,  occurring  in  83%  of 

patients presenting with intracranial hemorrhage.

(c)  Twenty  patients  underwent  surgical  revascularization,  including  indi-

rect and direct procedures.

(d)  The 5-year risk of ipsilateral stroke after indirect revascularization was 

15%, compared with 20% for medical treatment and 22% overall for sur-

gery.

2.                        204 Hallemeier 2006 :  Series  of  34  adults  with  definite  or  probable  moyamoya 

disease. Patients included both those with bilateral (n = 22) and unilateral (n

= 12) disease. Only two patients were of Asian descent. Patients were excluded 

from  this  study  if  they  had  another  disease  that  may  have  been  responsible 

for the vasculopathy. Median age was 42 (range 20–79). The median follow-up 

period was 5.1 years.

(a)  Ischemia  was  the  initial  symptom  in  24  (70.6%)  of  patients.  Seven 

(20.6%) presented with hemorrhage and three were asymptomatic.

● In the medically treated patients, the 5-year risk of recurrent ipsi-

lateral stroke was 65% after the initial symptom.

–  Patients with bilateral involvement presenting with ischemic 

symptoms  were  at  the  highest  risk  of  subsequent  stroke: 

5-year risk of stroke with medical management was 82%.

● Of the seven patients presenting with hemorrhage, none had a sub-

sequent hemorrhage and only one experienced an ischemic stroke.

●   None of the asymptomatic patients had a stroke.

(b)  Fourteen patients underwent surgical revascularization procedures.

i.  In patients treated with surgery, the 5-year risk of perioperative or 

subsequent ipsilateral stroke or death was 17%.

 

19.2.8.     Management

19.2.8.1.    Medical management

No medical regimen has been proven to be effective in moyamoya patients. Long-

term anticoagulation is not recommended because of the risk of hemorrhagic stroke. 84 Antiplatelet therapy may be useful, given the relatively high frequency of thrombosis noted in pathology reports. 50, 56 The authors of this handbook favor aspirin, 325-mg PO QD for most patients with moyamoya syndrome or disease and ischemic symptoms.

19.2.8.2.    Surgical management

An  array  of  surgical  revascularization  techniques  has  been  introduced  for 

patients with moyamoya disease. The first procedure, cervical sympathectomy, which was done to decrease vasomotor tone, was found to be ineffective in the long term.205 Direct bypass procedures consist of direct anastomoses between the extracranial and intracranial  circulations  (EC-IC  bypass)  and  can  be  subdivided  into  high-flow  (e.g., saphenous  vein  graft  anastomosis)  or  low-flow  (e.g.,  STA-MCA  bypass)  techniques. Indirect  procedures  were  developed  because  of  the  difficulty  in  doing  direct  bypass procedures in children, and involve the placement of the STA or vascular tissue, such as  the  temporalis  muscle,  dura,  or  omentum  directly  on  the  surface  of  the  brain  to promote collateral formation.
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INDICATIONS FOR SURGICAL REVASCULARIZATION

No  randomized  trial  of  bypass  surgery  for  moyamoya  has  been  completed  yet. 

The Ministry of Health and Welfare in Japan has published guidelines for the use of bypass surgery for patients with moyamoya disease.68

1.  Ischemic  disease:  Bypass  surgery  is  indicated  for  patients  with  the  following 

symptoms:

(a)  Repeated clinical symptoms due to apparent cerebral ischemia

(b)  Decreased regional cerebral blood flow, vascular response and perfusion 

reserve, based on the findings of a cerebral circulation and metabolism 

study

2.  Hemorrhagic  disease:  The  benefits  of  bypass  surgery  for  the  prevention  of 

rebleeding are unclear.

 

SURGICAL TECHNIQUES

1.  Direct revascularization

(a)  Low-flow bypass

●   STA-MCA bypass

–  The first STA-MCA bypass for moyamoya disease was done by 

Yaşargil in 1972.206

●   Occipital artery bypass

–  For  patients  with  a  small  STA,  occipital  artery  (OA)-MCA 

bypass207                                  208 or OA-PCA anastomoses are alternatives.

(b)  High-flow bypass

●                    209 Vein graft bypass

2.  Indirect  revascularization:  An  exhaustive  listing  of  published  indirect  proce-

dures  are  available  in  Matsushima  (1999)39  The  most  commonly  used  proce-dures include the following210:

(a)  Encephalo-myo-synangiosis (EMS): A temporalis muscle flap is applied 

directly to the surface of the brain.

(b)  Encephalo-duro-arterio-synangiosis  (EDAS):  The  STA  is  sutured  to  the 

open dura.

(c)  Encephalo-duro-arterio-myo-synangiosis  (EDAMS):  Temporalis  muscle 

and the STA are applied to the surface of the brain.

3.  Combined direct and indirect revascularization:

(a)  STA-MCA with EMS

(b)   STA-MCA with EDAMS

4.  Selection of surgical technique:

(a)  The younger the patient, the more likely indirect revascularization will 

be  successful. 211  With  advancing  age,  the  ability  to  develop  collaterals declines, presumably because of declining angiogenic or arteriogenic fac-

tor availability or responsiveness.59, 62

● In  a  report  of  indirect  procedures  done  in  adults  with  moyamoya 

disease, patients aged 20–29 had good results – similar to pediatric 

patients  –  but  patients  aged  >30  had  moderate  or  poor  indirect 

revascularization  results.211  Patients  of  age  >40  had  the  worst angiographic results from indirect procedures, leading the authors 

to conclude that direct procedures (or combined procedures) should 

be the main treatment option for patients of age >40.

(b)  Synangiosis procedures work best when there is some degree of hemody-

namic stress, as demonstrated by CBF imaging (e.g., PET, or xenon CT 

or SPECT with acetazolamide challenge).101

(c)  Elevated CSF bFGF levels may predict the extent of angiogenesis to be 

expected with indirect revascularization.59

(d)  Patients  with  spontaneous  transdural  collateral  vessels  (vault  collater-

als                                             84 ) should not be considered for synangiosis.

5.  Surgical results

(a)  Pediatric moyamoya disease: A review of 57 studies of revascularization 

surgery for pediatric moyamoya found the following210:

● Indirect procedures are the most commonly reported (73% of cases) 

and combined direct and indirect was next (23%).

● In 87% of cases the patients were reported to derive symptomatic 

benefit.

● Overall rates of perioperative stroke and reversible deficit were 4.4 

and 6.1%, respectively.
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(b)  Adult  ischemic  moyamoya:  Several  series  have  reported  clinical  improve-

ment in most adults undergoing revascularization procedures.84, 98, 204, 211, 212

● Two  North  American  retrospective  series  have  reported  a  benefit 

with revascularization:

–  Chiu84:  The  5-year  risk  of  ipsilateral  stroke  after  indirect 

revascularization  was  15%,  compared  with  20%  for  medical 

treatment.

–  Hallemeier204: The 5-year risk of perioperative or subsequent 

ipsilateral  stroke  or  death  for  surgical  patients  was  17%, 

compared with 65% for patients not having surgery.

(c)  Hemorrhagic moyamoya disease. The value of revascularization in pre-

venting rehemorrahge in patients with hemorrhagic moyamoya disease 

is not clear. Several reports have not found a benefit.108, 212, 213

● Revascularization  has  been  reported  to  decrease  hemodynamic 

stress and lead to the obliteration of peripheral intracranial aneu-

rysms. 214

19.2.8.3.    Intracranial angioplasty

A single case of intracranial angioplasty for ischemic moyamoya disease has been 

reported.40  Angioplasty  was  done  of  the  distal  ICA  and  M1  segment;  the  patient’s symptoms resolved and follow-up angiograph 2 years later showed no progression of the stenosis and a reduction in the moyamoya vessel pattern.

19.2.8.4.    Pregnancy and moyamoya

A review of 30 reported cases of patients with moyamoya disease and pregnancy 

found  that  good  outcomes  were  achieved  for  both  mother  and  child  in  all  but  one case.215 The one poor outcome occurred in a woman with hemorrhagic moyamoya dis-ease. The authors concluded that pregnancy can be managed successfully in patients with moyamoya disease. Furthermore, they surmised that the presence of moyamoya disease  should  not  determine  the  method  of  delivery,  as  successful  deliveries  have been obtained with both vaginal delivery and cesarean section.
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Several classification schemes for spinal vascular lesions have been described. 1–4

The following four-type system is the most commonly used, with cavernous malforma-tions and vascular tumors added for completeness:

1.  Type I: Dural arteriovenous fistula (dAVF)

2.  Type II: Intramedullary arteriovenous malformation (AVM)

3.  Type III: Juvenile AVM

4.  Type IV: Intradural perimedullary AVF

5.  Intramedullary cavernous malformations

6.  Spinal vascular tumors

(a)  Includes  hemangioma,  hemangioblastoma,  metastatic  tumors,  aneu-

rysmal  bone  cyst,  osteoblastoma,  angiosarcoma,  hemangiopericytoma, 

angiofibroma, angiolipoma, hemangioendothelioma

Technical  aspects  of  endovascular  treatment  of  spinal  vascular  lesions  are  dis-

cussed in Chap.8, Extracranial Embolization.

 

20.1.      Type I: Dural arteriovenous fistula

 

Type  I  lesions  (aka  angioma  racemosum,  angioma  racemosum  venosum,  intra-

dural dorsal AVF, long dorsal AVF, dorsal extramedullary AVF) consist of an abnormal communication between the radicular artery in the nerve root sleeve and the intra-dural  venous  system,  causing  venous  hypertension  (Fig.  20.1).  They  can  be  subclas-sified into type I-A and type I-B lesions, depending on whether there is one or more radicular feeding arteries.5, 6

 

20.1.1.     Epidemiology and clinical features

1.  Type  I  dAVFs  are  the  most  common  spinal  vascular  lesion,  representing 

approximately 70% of spinal vascular malformations.7

2.  More common in males (male/female ratio is 5:1).8, 9

3.  Mean age at presentation is 60; range is 28–83 years.8–10

4.  Mean duration of symptoms prior to diagnosis: 23 months.8, 9, 11

5.  The majority of type I lesions are located in the thoracolumbar spine, with T7, 

8, and 9 being the most common levels.12

(a)  85% of lesions are below T6, and 100% of lesions are below T3.12

6.                                                13,  14 Extradural  dAVFs  are  uncommon.  They  cause  arterialization  of  the 

epidural  venous  system,  and  produce  symptoms  by  spinal  cord  compression, 

venous congestion,15 or, rarely, by steal of blood flow from the spinal cord.2

7.  Presentation:

(a)  Symptoms are typically progressive and may be exacerbated by physical 

activity.11

(b)  Motor symptoms are present in 78–100% of cases.8, 9, 11, 16 (c)  Upper or motor neurons may be involved; flaccid paresis is about as com-

mon as spastic paresis.16

(d)  Sensory symptoms are present in 69–90% of cases. 9, 11, 16 (e)  Paresthesias, and sensory and gait abnormalities are common.

(f)  Pain is a complaint in more than half of cases. 9, 11, 16 (g)  Patients  may  report  worsening  of  symptoms  with  exertion  (neurogenic 

claudication) or with certain postural changes.12

8.  Imaging:

(a)  MRI is the screening procedure of choice for spinal dAVFs. 17

●   Spinal  cord  hyperintensity  on  T2-weighted  images  and  postgado-

linium enhancement on T1-weighted images are the most common 

findings.7,  18  Cord  signal  changes  usually  extend  for  six  or  seven vertebral levels. 7, 16
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Fig. 20.1 Type I dural arteriovenous fistula (dAVF) Type I dAVF: There is a direct connec-

 

tion between a radicular artery (A) and a radicular vein (V) in the dura of the nerve root 

sleeve. Arterialization of the coronal venous plexus causes engorgement and conges-

tion of the veins. Note that the contralateral radicular vein (VV) in this depiction is small; 

impairment of alternative routes of venous drainage is thought to contribute to the 

development of venous hypertensive myelopathy.

 

●                                                                                  16 Cord edema is seen in up to 74% of cases. ●   The coronal venous plexus has a characteristically nodular, shaggy, 

and tortuous appearance on MRI and MRA.7

–  Dilated  veins  on  the  dorsal  surface  of  the  cord  can  be  dis-

tinguished from CSF pulsation artifact by a typical salt and 

pepper appearance on postcontrast T1-weighted images. 16

(b)  Catheter  angiography  is  the  gold  standard  for  the  workup  of  spinal 

dAVFs. 17

●   Selective  injection  of  the  thoracic  and  lumbar  spinal  arteries 

should  be  done  first,  since  the  majority  of  dAVFs  are  located  in 

those regions.

–  In some 10% of cases, the sacral arteries are involved. 19, 20

●   Rarely,  intracranial  dural  AVFs  may  drain  inferiorly  and  mimic 

spinal  dural  AVFs  clinically  and  on  MRI. 20–22  Thus,  if  a  fistula  is not  found  during  spinal  angiography,  angiography  of  the  cerebral 

vessels should be done.

●   Dilated, tortuous veins are characteristic, which are predominantly 

along the posterior surface of the spinal cord.

●   When a fistula is found, the adjacent levels should be imaged as well, 

because of the possibility of multiple radicular feeding arteries.

●   When  possible,  placement  of  a  metal  coil  in  the  major  feeding 

artery can facilitate intraoperative fluoroscopic localization of the 

fistula.23

(c)  Myelography is very accurate in identifying spinal dAVFs, showing tor-

tuous filling defects in up to 100% of cases.7, 11, 24 These abnormal vessels 
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are  always  located  on  the  dorsal  surface  of  the  cord,  and  may  also  be 

present on the ventral surface in some 10% of cases.11

 

20.1.2.     Pathophysiology

1.  Normal radicular veins have a constriction at the point where the vein passes 

through  the  dura,  which  prevents  the  transmission  of  arterial  pressure  into 

the valveless coronal venous plexus.25 Fistulas are usually located at this point 

or within the nerve root sleeve.26 The fistulas is usually supplied by a menin-

goradicular  branch  of  a  segmental  artery,  although  any  artery  supplying  the 

dura may be involved.17 The intrathecal spinal venous system is valveless, and 

therefore arterial pressure is transmitted via the corresponding radicular vein 

into the perimedullary and spinal veins, causing venous hypertension, conges-

tion and impairment of the spinal cord and nerve root microcirculation.27 Direct 

measurement  of  the  coronal  venous  pressure  during  surgery  found  that  the 

spinal cord venous pressure averages 74% of the simultaneous mean systemic 

venous pressure.27

2.  The  etiology  of  spinal  dAVFs  is  not  understood.  Interestingly,  in  contrast  to 

cranial  dAVFs,  in  which  venous  sinus  thrombosis  is  believed  to  contribute  to 

the  development  of  those  lesions,  prothrombotic  conditions  are  not  associated 

with spinal dAVFs.28

3.  Spinal dAVFs are associated with infection,29                   30                  31 syringomyelia, spine trauma,

and surgery.32, 33

 

20.1.3.     Management

The  natural  history  of  untreated  spinal  dAVFs  is  generally  thought  to  be  poor. 

An early series found that 50% of untreated patients became severely disabled (wheel-chair-bound) within 3 years of the onset of lower extremity weakness. 34

Both surgery and endovascular treatment can be effective for treatment of type 

I lesions. Although surgery appears to be more curative, embolization is less invasive and some authors recommend an attempt at embolization prior to surgery. In a sys-tematic  review  of  20  published  clinical  series,  98%  of  patients  treated  with  surgery were reported to have successful obliteration of their fistulae, compared to only 46% with  embolization.35  Complications  were  reported  in  1.9%  of  surgical  patients  and 3.7% of embolization patients.

Extradural dAVFs are treated almost exclusively with embolization of the arte-

rial feeder and rarely require surgery.2, 36

20.1.3.1.    Surgical considerations

1.  Neurophysiological  monitoring  with  evoked  potentials  is  not  necessary,  as 

manipulation of the spinal cord is not required. 19

2.  A two-level hemilaminectomy is done to adequately expose the affected nerve 

root.

3.  The dura is opened in the midline and retracted laterally.

4.  The  radicular  draining  vein  is  exposed  where  it  penetrates  the  dura  and  is 

coagulated and divided.

(a)  Interruption  of  the  radicular  vein  usually  leads  to  a  visible  change 

in  venous  turgor,  and  the  color  of  the  arterialized  venous  plexus  may 

change from red to blue.

5.  If  the  fistula  involves  a  thoracic  nerve  root,  the  root  may  be  sacrificed  to 

facilitate  dural  closure.  Obviously,  cervical  and  lumbar  nerve  roots  should  be 

preserved.

6.  In cases in which extradural drainage of the fistula is present, the entire fistula 

should  be  excised  and  the  intradural  and  extradural  components  should  be 

divided to prevent recurrence. 37

7.  Outcomes with surgery:

a.  A  systematic  review  of  surgical  outcomes  found  that  55%  of  patients 

improved  after  surgery,  34%  were  stabilized,  and  11%  worsened.35 Only 33% of patients showed an improvement in micturition, and 11% 

worsened.
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1.  Case  selection:  Embolization  should  be  done  only  when  the  anatomy  of  the 

lesion will permit obliteration of the nidus.

(a)  Embolization is feasible in some 75% of cases.38

●   Barriers to embolization include advanced atherosclerosis, arterial 

feeders too small to catheterize, and collateralization of the feeding 

vessel with normal spinal cord vessels.

(b)  Moreover,  embolization  is  most  effective  when  the  glue  penetrates  the 

proximal  portion  of  the  draining  vein;  if  the  glue  does  not  reach  the 

draining vein, the fistula may persist or recanalize. In an endovascular 

series,  the  fistula  recurred  in  68%  of  cases  in  which  the  glue  did  not 

reach the draining vein, compared with 50% of cases in which the glue 

did reach the draining vein.39

2.  Embolization is particularly useful in patients who are poor candidates for sur-

gery, or in some cases as a temporizing measure, to reduce venous congestion 

until a definitive surgical procedure can be performed.40

3.  The  embolization  agent  of  choice  is  N-butyl  cyanoacylate.  Onyx  embolization 

has been reported.41

4.  Partial  embolization  of  the  fistula  and  embolization  with  particulate  agents 

(e.g., polyvinyl alcohol) should be avoided.42–45 Failure to permanently obliterate the lesion may lead to recurrence, and further difficulty in later treatment.

5.  Reports  on  long-term  outcomes  after  embolization  are  lacking.  Clinical  out-

come  data  on  embolization  were  insufficient  for  analysis  in  the  systematic 

review discussed earlier.35

 

THE OFTEN MISUNDERSTOOD FOIX–ALAJOUANINE SYNDROME

In  1926,  Foix  and  Alajouanine  published  a  42-page  report  of  two  cases  of  pro-

gressive  myelopathy.29  An  extensive  pathological  analysis  was  carried  out,  and  the authors implicated vascular congestion, as reflected by spinal cord vessel thickening, in the pathological process afflicting both patients. In the decades since this report, numerous authors have included spinal cord venous thrombosis as a central feature of  the  Foix–Alajouanine  Syndrome.6,  40,  46–49  Indeed,  both  authors  of  this  handbook were taught, during their training, that Foix–Alajouanine Syndrome is equivalent to progressive, malignant spinal cord venous thrombosis. In the actual report, however, Foix and Alajouanine emphasized that in their two cases no thrombosis was present.50 They  described  vessel  wall  thickening,  without  luminal  narrowing  or  obliteration  of cord  vessels,  and  excluded  the  presence  of  vascular  malformations  within  the  cord. The inclusion of thrombosis as a feature of Foix–Alajouanine Syndrome is a myth that has been perpetuated most likely because the original report was written in French. In retrospect, it seems likely that both patients in the original report had progressive myelopathy due to type I dural AVFs,40 an entity that had not yet been recognized at the time of the publication. 50

 

20.2.  Type II: Intramedullary arteriovenous 

malformation

 

Type II lesions (aka glomus or classic AVM) consist of an AVM within the sub-

stance of the spinal cord. The nidus can be classified as compact or diffuse, and they often have multiple feeding vessels arising from the anterior and posterolateral spinal arteries (Fig. 20.2).

 

20.2.1.     Epidemiology and clinical features

1.  Type  II  lesions  are  the  second  most  common  kind  of  spinal  vascular  lesion, 

accounting for up to 36–45% of spinal vascular lesions.3, 51

2.  Most commonly present in the third or forth decade.

(a) Average age at diagnosis is 27.12

3.  Slight male predominance.36
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Fig. 20.2 Type II intramedullary AVM. Intramedullary arteriovenous malformation with a 

 

compact nidus is illustrated.

 

4.  Associated  with  neurofibromatosis  and  the  Rendu-Osler-Weber,  Klippel-

Trenaunay-Weber,52 and Parkes-Weber syndromes.53

5.  Aneurysms  are  present  in  20–44%  of  cases  and  are  associated  with  hemor-

rhage.12, 54, 55

6.  Spinal  cord  AVMs  are  located  in  the  cervical  cord  in  30%  of  cases  and  in  the 

thoracolumbar cord in 70%, which is proportional to the volume of the spinal 

cord at each segment.36

7.  Conus  AVMs  comprise  a  special  category  of  spinal  cord  AVMs.2, 56  They  are 

attributed  to  an  abnormality  during  neurulation  and  are  associated  with  a 

tethered cord.57 Conus AVMs are typically extensive and possess multiple arte-

rial feeders.

8.  Presentation:

(a)  Symptoms may be acute or progressive, although in most cases the symp-

toms develop relatively rapidly.58

(b)  Hemorrhage  (intraparenchymal  or  subarachnoid  hemorrhage)  is  the 

most common presenting symptom.12, 58, 59

●                                                                                                 60 Mortality associated with hemorrhage is 10–20%. ●   Hemorrhage at presentation may be more common among children 

with cord AVMs compared with adults.61

●   Rehemorrhage  appears  to  happen  at  higher  rates  for  spinal  cord 

AVMs compared with brain AVMs, occurring in 10% of patients at 

1 month and in 40% within the first year after the initial hemor-

rhage. 60

(c)  Venous congestion may also produce symptoms in the absence of hemor-

rhage. 62

(d)  Conus AVMs may present with myelopathy or radiculopathy.

9.  Imaging:

(a)  MRI is highly sensitive and is able to detect all, or nearly all spinal cord 

AVMs.47, 63, 64

 

SPINAL VASCULAR LESIONS                                      20.2.Type II: Intramedullary arteriovenous malformation                  705

●   MRI findings include a focal dilatation of the cord around the lesion, 

an  area  of  low  signal  around  the  nidus  on  T1-  and  T2-weighted 

imaging that corresponds to hemosiderin deposition, and multiple 

flow voids (on axial images) and serpentine structures (on sagittal 

and coronal images) due to feeding and draining vessels.

●   T2 signal change may represent cord edema due to venous conges-

tion.62

●   Subacute hemorrhage appears as increased signal on T1-weighted 

images.

(b)  Catheter  angiography  remains  the gold  standard  for  the  evaluation  of 

spinal  cord  AVMs.36  A  complete  angiogram  to  characterize  all  feeding and draining vessels, look for aneurysms, and distinguish the lesion from 

associated normal vessels is necessary to plan treatment.

●   Selective injection of numerous arteries is necessary to fully char-

acterize a cord AVM, as feeding vessels may arise from sources as 

far afield as the occipital, ascending pharyngeal, vertebral, ascend-

ing and deep cervical, supreme intercostal, intercostal, lumbar, and 

the lateral and median sacral arteries.60

 

20.2.2.     Management

The natural history of untreated intramedullary AVMs is not clear. Progressive 

evolution of symptoms, by either worsening myelopathy or subsequent hemorrhages, is reported in 31–71% of patients observed over several years.12, 61, 65, 66 Because spinal cord AVM anatomy is variable and the risk of potential complications on any proce-dure  involving  the  cord  is  relatively  high,  decision  making  about  the  management of  these  patients  is  highly  individualized.  Patients  with  a  cord  AVM  consisting  of  a compact, surgically accessible nidus may be good candidates for surgery. Embolization may be a useful adjunct to surgery, or, in some cases, may provide symptomatic relief without  necessarily  obliterating  the  lesion.  There  is  a  school  of  thought  that  holds that  partial  embolization  of  spinal  cord  AVMs,  even  with  impermanent  materials (such as PVA) may provide an (impermanent) improvement in symptoms such as pain and myelopathy.65 The notion that partial treatment of cord AVMs lowers the risk of hemorrhage, which is generally believed not to be the case  with intracranial AVMs, is more controversial.

20.2.2.1.    Surgical considerations

1.  Embolization  of  major  feeders  prior  to  surgery  can  be  helpful,54,  67,  68  particu-

larly for lesions with multiple feeding vessels, such as conus AVMs.56

a.  Alternatively,  intraoperative  angiography  may  be  helpful  in  localizing 

the lesion during surgery.69

2.  With appropriate case selection (i.e., by operating on patients with a relatively 

compact,  surgically  accessible  nidus),  angiographic  obliteration  of  the  lesion 

can be achieved in up to 94% of cases.58

a.  Surgery  for  diffuse  spinal  cord  AVMs  has  been  reported.  In  a  series 

of  three  cases,  the  lesion  was  obliterated  in  all;  neurological  outcome 

improved in one patient and deteriorated slightly to mildly in the other 

two patients. 70

3.  Surgical  approach  is  via  a  standard  laminotomy.  Exposure  should  extend  at 

least one level above and one level below the lesion. A small myelotomy is done 

in  the  posterior  median  sulcus,  and  the  spinal  cord  is  split  between  the  two 

posterior columns. Alternatively, a posterolateral myelotomy, done in the dorsal 

root entry zone between two or more nerve roots, can provide access to lateral 

lesions.

4.  In one series, delayed imaging (mean follow-up, 8.5 years) in patients with no 

evidence of residual AVM on early postoperative imaging detected new draining 

veins in 23% of cases.58

5.  Outcomes with surgery:

(a)  As  expected,  surgical  results  are  better  with  compact  AVMs  compared 

with AVMs with a diffuse nidus.4

(b)  Surgical series overall clinical results:
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●      Neurologic improvement in 40%, 87% 58      4

●                                                                58         4 Neurologically unchanged 53%, 10% ●      Neurologically worsened in 7%, 3% 58     4

(c)                                             58 Good functional outcome in 86%. (d)  Chronic dysesthetic pain syndromes are common, affecting two-thirds of 

patients.58

 

20.2.2.2.    Endovascular considerations

1.  Complete obliteration rates with embolization range from 24 to 53%.60, 71

2.  Transient  complication  rates  are  10.6–14%60,  71  and  permanent  complication 

rates are also 10.6–14%.60, 71

3.  Biondi et al. advocate routine yearly spinal angiography and embolization with 

PVA, regardless of symptoms.65 Despite frequent lesion revascularization, 63% 

of  patients  demonstrated  long-term  clinical  improvement  with  this  strategy. 

Worsening of symptoms after embolization was observed in 20% of patients.

4.  Some authors assert that partial embolization of spinal cord AVMs is protective 

against hemorrhage, unlike brain AVMs.36, 65

5.  Choice of embolic agent:

(a)  The first-line agent for embolization of any cord AVM should be NBCA 

or  Onyx,  provided  that  the  microcatheter  tip  can  be  placed  within  the 

nidus.

(b)  If  the  microcatheter  tip  can  be  placed  close  to  the  nidus,  but  beyond 

angiographically visible normal spinal cord vessels, NBCA is still a good 

choice.

(c)  Particulate embolization should be reserved for cases in which the micro-

catheter tip is relatively proximal to the lesion. Flow-directed emboliza-tion with a particulate agent will theoretically carry most of the particles 

past normal branches and into the nidus. Injection should be done slowly 

and carefully, without attempting to completely occlude the nidus.

●   Sizing  of  the  particulate  agent  is  based  on  the  following  rea-

soning:  Because  the  normal  anterior  spinal  artery  diameter  is 

340–1,100 µm and the normal sulcal artery diameter is 60–72 µm, 

particles  with  a  diameter  of  150–250 µm  should  pass  through  the 

anterior spinal artery and into the AVM nidus without entering the 

normal sulcal arteries.72, 73

●   Although  PVA  is  the  particulate  agent  of  choice  by  some  opera-

tors,  PVA  size  is  highly  variable.  The  authors  of  this  handbook 

prefer  to  use  100–300 µ                ™ m  Bead  Block  Microspheres  (Terumo Medical  Corporation,  Somerset,  NJ)  or  100–300 µm  Embosphere® Microspheres (BioSphere Medical, Inc., Rockland, MA).

 

20.2.2.3.    Radiosurgery

In a preliminary report of stereotactic radiosurgery for intramedullary AVMs, six 

of seven patients at least 3 years from treatment had a significant reduction in AVM volume, and one patient with a conus lesion was found to have complete angiographic obliteration.74

 

SPINAL CORD ANEURYSMS

Spinal  cord  aneurysms  are  rare.  Most  are  discovered  as  flow-related  lesions 

associated with an intramedullary AVM, although isolated spinal cord aneurysms do occur75–77  and  can  cause  subarachnoid  hemorrhage.77  There  appears  to  be  a  strong association  with  developmental  vascular  anomalies,  as  metameric  angiomatosis was found in 43% of patients in a series of cord aneurysms.55 Spinal aneurysms are typically fusiform in shape and thus very difficult to treat directly with endovascular techniques.  Surgery  of  spinal  cord  AVMs  with  trapping75  and  wrapping76  has  been reported.  Disappearance  or  a  decrease  in  size  of  the  aneurysm  was  observed  in several  patients  who  underwent  treatment  of  an  associated  intramedullary  AVM.54 Importantly, even solitary spinal cord aneurysms may spontaneously regress without treatment.77
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Type  III  lesions  (aka  juvenile,  metameric,  or  extradural-intradural  AVM)  are 

complex  AVMs  that  have  both  intradural  and  extradural  components,  and  typically involve the spinal cord, vertebra, and paraspinal muscles (Fig. 20.3). The portion of the nidus involving the spinal cord typically has neural tissue within its interstices. They are high-flow lesions, and may have a bruit over the lesion. They are extremely rare and may appear as part of Cobb syndrome (see below). Patients are typically children or  young  adults  (thus  the  term juvenile),  and  present  with  pain  and/or  myelopathy. These  AVMs  typically  have  multiple  feeding  vessels  arising  from  diverse  locations, such as the vertebral arteries, radicular arteries, and other cervical vessels. Catheter angiography of a juvenile AVM can be somewhat like shining a small flashlight on an elephant in a dark room – only a part of the lesion can be seen with injection of contrast into any particular artery. These lesions are extremely difficult to treat. Although com-plete lesion resection by staged embolization followed by surgery has been reported,78, 79 fatal complications with this approach have also been reported.6

 

20.3.1.     Cobb Syndrome

Cobb  syndrome  is  a  rare  congenital  disorder  with  a  slight  male  predominance 

characterized  by  a  combination  of  vascular  skin  nevi  and  a  spinal  vascular  lesion occurring  within  the  same  metameres  (i.e.,  the  skin  lesions  are  found  in  the  der-matomes  corresponding  to  the  spinal  levels  where  the  spine  lesion  is).  It  was  first described by Stanley Cobb, a resident of Harvey Cushing, in a report of a 8-year-old boy who presented with paraplegia.80 The child had nevi over the 9th to 12th ribs, and at surgery he was found to have an angioma of the thoracic spinal cord. The spinal vascular  lesion  that  occurs  as  part  of  Cobb  syndrome  may  be  a  type  III  AVM,  or  a less  complex  lesion  such  as  a  perimedullary  AV  fistula.81  Therefore,  type  III  spinal vascular lesions and Cobb syndrome are not exactly synonymous.

[image: ]

 

Fig. 20.3 Type III Juvenile AVM Type III lesions characteristically extend across tissue 

planes from the spinal cord into the adjacent bone and muscle.
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arteriovenous fistula

 

Type IV lesions (aka perimedullary, or ventral intradural AV fistulas) are located 

on the pial surface of the spinal cord, usually on the anterior or lateral surface. They consist  of  a  fistula  between  a  spinal  cord  artery  or  arteries  and  the  coronal  venous plexus, and there is often a varix at the artery-to-vein transition site. Type IV lesions account for 13–17% of all spinal vascular lesions.12, 51 They were originally subdivided into type I, II, or III lesions depending on size and complexity 82; subsequent authors have  adopted  a  type  A–C  system 2  (Table  20.1).  An  association  with  split  cord  mal-formation has been reported,83 and type B and C lesions are associated with Rendu-Osler-Weber and Cobb syndrome.84

1.  Type A: The least common type IV lesion. Small, single-vessel fistulae supplied 

by  the  anterior  spinal  artery,  usually  located  on  the  anterior  surface  of  the 

conus or on the upper part of the filum terminale. Venous drainage is slow and 

is in a rostral direction.

2.  Type B: Larger, multiple-vessel fistulae supplied by the anterior and postero-

lateral  spinal  arteries,  usually  located  on  the  posterolateral  or  anterolateral 

surface of the conus. Venous drainage is slow and is in a rostral direction.

3.  Type C: The most common type IV lesion. These lesions consist of a single giant 

fistula supplied by multiple, enlarged feeders from the anterior and posterola-

teral spinal arteries. They are located on the thoracic cord, or, less commonly 

the cervical cord.51, 85 Venous drainage is rapid and into segmental veins.

 

20.4.1.     Clinical features

1.  Patients are relatively young. The average age at presentation is 20–25 years 

(range 2–42).51,84

2.  No sex predominance.

3.  The location of these lesions along the spinal axis is bimodal, with most occur-

ring at the thoracolumbar junction, particularly at the conus, and, to a lesser 

extent, in the upper cervical region.86

4.  Rarely, perimedullary AVFs may develop after spinal cord surgery.82,87

5.  Presentation:

(a)  The majority of patients (91%) present with an asymmetric, slowly pro-

gressive myeloradiculopathy of the conus and cauda equina.51

(b)  An acute onset of symptoms is less common and is usually seen only in 

patients with type B and C lesions.51

(c)  Subarachnoid hemorrhage is a presenting feature in 20–40% of cases.51, 84

6.  Imaging:

(a)  Type B and C lesions characteristically demonstrate large flow voids on 

MRI scanning.84 However, it is important to note that type I lesions may not  be  apparent  on  MRI, 88  and  myelography  or  angiography  should  be done if a type IV-A lesion is suspected but not seen on MRI.

(b)  Apparent  diffusion  coefficient  (ADC)  values  may  be  reduced,  indicating 

vasogenic edema, and may normalize after treatment. 89

(c)  CTA diagnosis of type IV-A lesions has been reported. 90 (d)  Catheter  angiography  is  necessary  to  make  a  clear  diagnosis  of  a  per-

imedullary fistula and plan therapy.

Table 20.1 Subtypes of perimedullary AV fistulae

Primary mode 

Type          Arterial supply          Venous drainage       of treatment

A       Anterior spinal artery only           Ascending              Surgery

B       Anterior and posterolateral  spinal     Ascending              Embolization ± surgery

arteries

C       Anterior and posterolateral  spinal     Dilated segmental        Embolization

arteries                                 veins
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Because  type  IV  lesions  are  rare,  published  series  are  limited,  and  firm  con-

clusions  about  treatment  cannot  be  made.  Estimations  of  the  natural  history  of untreated  lesions  suggest  progression  from  myelopathy  to  paraplegia  within  5–7 years,  and  a  high  incidence  of  repeated  hemorrhage  in  patients  presenting  with hemorrhage.12, 51, 82, 85, 86 Most authors recommend prompt diagnosis and treatment of perimedullary fistulae to minimize neurological injury.12, 51, 82, 85 The objective of treat-ment should be occlusion of the fistula. The absence of a nidus facilitates surgery51; most  lesions  can  be  effectively  obliterated  with  either  surgery  or  embolization,  or  a combination of both. 3, 51, 84, 91, 92

1.  Type A: Most authors recommend that subtype A lesions should be treated with 

surgery, as catheterization of the anterior spinal artery is problematic. 51, 82, 85, 93, 94

2.  Type B: Embolization or embolization followed by surgery can occlude the fis-

tula in nearly all cases.51, 85

3.  Type  C:  Embolization  is  usually  the  first-line  treatment  of  type  C  lesions.95 

Complete occlusion was achieved by embolization alone in 68% of patients with 

type C lesions.51

4.  Clinical  outcome  appears  to  be  somewhat  variable,  with  partial  neurological 

improvement or no change occurring in the majority of patients, and worsening 

in a small minority of patients.51, 85

 

20.5.  Intramedullary cavernous malformation

 

Cavernous  malformations  (aka  cavernomas)  are  distributed  along  the  entire 

neuroaxis  and  represent  5–12%  of  all  spinal  vascular  lesions. 96,  97  Rarely,  they  may be  found  in  an  epidural  location.98  Spinal  cavernomas  are  histologically  identical  to those in the brain (see Chap. 16). They are angiographically occult and have a char-acteristic appearance on MRI.97 As many as 40% of patients with a spinal cavernoma may  be  found  to  have  a  similar  intracranial  lesion.99  As  in  the  brain,  spinal  cord cavernomas are frequently associated with a venous angioma.100 A systematic review of published series found a female predominance with a peak age at presentation in the forth decade.101 The course of symptoms is highly variable. The natural history of symptomatic spinal cavernomas is far from clear. Assessments of the annual rate of symptomatic rehemorrhage rates range from 0%102 to 66%.103 Although surgical series report relatively good results,97, 101, 104 expectant management of selected patients may also be reasonable.102
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definition 572                                     transcortical motor 610, 611t postpartum cerebral 604. see also                  transcortical sensory 611t

Call-Fleming syndrome               Wernicke 611t

Angioplasty                                    Aphonia 616t

for acute ischemic stroke 313–314             Aplastic anemia for treatment of vasospasm 476                   and moyamoya syndrome 691

Angioplasty and stenting (see also Carotid         Apraxia 610

angioplasty and stenting)               dressing 612

and fibromuscular dysplasia                       gaze 613t

(FMD) 672                    Arachnoid granulation 66f

Angiosarcoma A Randomized Trial of Unruptured Brain 

spine 701 Arteriovenous Malformations 

Angio-Seal 103                                             (ARUBA) 518

 

INDEX 717  ARCHeR (Acculink for Revascularization of       Arteritis

Carotids in High-Risk Patients)          definition 572

654t                                Giant cell 599t, 600

Argatroban 209, 588                                Heubner’s 602. see also Syphilis, Arterial dissection                                                 meningovascular

during aneurysm treatment 172–173              Takayasu 599t, 600 and subarchnoid hemorrhage 462                 temporal, 600. see also Arteritis, Giant cell

Arteriopathy                                    Artery

definition 572 accessory meningeal 6t, 19f, 20t, 21–22, 25f

Arteriovenous fistula (AVF) (see also dural                anastomoses 10

Arteriovenous Fistula (dAVF) )             branches

Carotid-Cavernous 112 anterior descending ramus (aka 

epidural/paraspinal AVF 296                                inferopalatine branch) 21 extracranial 259 descending companion ramus 21

embolization 290–291 intracranial ascending ramus (aka 

mandibular 415                                          intracranial branch) 21 pial. see Pial arteriovenous fistula lateral territory ascending ramus 

spinal 124, 132, 133, 701–704                               (aka posterior branch) 21

Arteriovenous malformation (AVM) medial territory ascending ramus 

brain 511–527 (aka inferomedial branch) 21

anatomic features 512–513                       cranial nerve blood supply 7t angiography of 111                           accessory middle cerebral artery 46 and associated aneurysms 523–524 of Adamkiewicz 77, 123, 124, 127f, 132

AVM volume estimation 523t                angular 5f, 13, 47f, 48 in children 525–526                          anterior auricular 16 Embolization 199                           anterior cerebral 36, 40–45, 41f, 44f embolization 522–523                          A1 segment 40–42, 40t, 61t

curative 242                                   A2 segment 42–43

hemorrhage post-op 251                     A3 branches 43–45

history 246–247                             A4 segments 43

incomplete 242                              A5 segments 43

pre-operative 242                             accessory 42

pre-radiosurgery 242                          cranial nerve blood supply 7t

epidemiology 512                              occlusion 610t etiology 511                                      syndrome 610 familial intracranial AVMs 513                    territory 609f hemorrhage                              anterior choroidal 38–39, 38f, 454

management 252                         occlusion 609

and intracranial aneurysms 438                   syndrome 609 large and giant 524–525                          territory 609f lifetime risk of hemorrhage 515                   and Wada test 197 management 517–523 anterior communicating 39, 40t, 41–42, 

natural history 514–515                                  41f, 42 normal perfusion pressure                         branches

breakthough 519                            perforating 41

pathology 511 recurrent artery of Heubner 41

physiology 512                              anterior deep temporal 6t, 23, 25f and pregnancy 526–527                     anterior falx 6t, 20t, 35f, 36 presentation 516–517                            anastomoses 19f risk factors for hemorrhage 516                anterior inferior cerebellar 7t Spetzler-Martin grading system 518t anterior inferior cerebellar (AICA) 59–60

steal phenomenon 512                          anastomoses, 58f and subarchnoid hemorrhage 462                 syndrome 617, 617t surgery 518–520                               territory 617f

post-operative brain edema 519–520       anterior internal frontal 44f

extracranial 259                                   anterior jugal 5, 13

embolization 290–291                       anterior meningeal 20t

spinal 123, 132, 704–708                         anterior parietal 47, 47f
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Artery (cont’d)                                   Artery (cont’d)

anterior spinal 59, 74, 75, 77, 77t, 78 Davidoff and Schecter, artery of, 54. see

communicating artery 59                              also Artery, posterior cerebral, Type IV, Intradural perimedullary                         meningeal branch

arteriovenous fistula 709                deep auricular 17, 25f

anterior temporal artery 46                         deep cervical 7t, 75, 75t, 77t, 120t anterior temporal (branch of MCA)                dorsal (aka medial) clival 32

47f, 49                                 dorsal meningeal 31f, 32

anterior temporal (branch of PCA) 50f, 53         dorsal nasal 36 anterior tympanic 18, 25f                          ethmoidal 6t, 20t, 36

anastomoses 16                                posterior 35f

aorta 75t, 76                                        external carotid 4, 4f, 25f, 75t aortic arch. see Aortic arch                             branches 3, 4, 4f, 5 ascending cervical 7t, 11, 75, 75t, 77t, 120t         facial 4f, 5f, 11–14 ascending palatine 11–12, 19f                        anastomoses 13

branches                                       branches 11–13

glossal 12                                      territories 13 hamular 12                                variants 13 tonsillar 12                                  falx cerebelli 59

ascending pharyngeal 4f, 6t, 7, 7t, 9–11,            femoral 99f, 103f

20t, 27, 75t, 77t, 120t                         puncture 98

branches 4, 9                                  foramen rotundum 6t, 23, 25f cranial nerve blood supply 7t                      anastomoses 33 inferior tympanic branch 6t, 8                     cranial nerve blood supply 7t middle pharyngeal branch 10                 frontopolar 42, 44f superior pharygeal branch 10                  Gasserian ganglion 33 variants 15                                     greater palatine 19f, 23, 25f

auricular 15                                           branches axillary                                                      lesser palatine 23

puncture 127                                      palatine 23

basal tentorial 31                                            septal 24 basilar 36, 52, 59–61, 61t                           Heubner. see Artery, recurrent artery of 

cranial nerve blood supply 7t                              Heubner occlusion 322–323                          hippocampal 50f, 53 perforators 60                                  hypoglossal 4f, 9, 20t, 59 territory 615f                                    ileolumbar 75t, 76, 120t

brachial                                              catheterization 130

puncture 104, 127, 187 inferior alveolar (aka dental) 22, 25f

buccal 22, 25f                                        branches calcarine 50f, 52, 53, 54                                   incisive 22 callosomarginal 44, 44f                                  mental 22 capsular arteries of McConnell 33                        mylohyoid 22 caroticotympanic 6t, 30                           inferior hypophyseal 31f, 32 carotid. see also Artery, common carotid;           inferior labial 5f, 13

Artery, external carotid; Artery,          inferior masseteric 5f, 12 internal carotid                           inferior palpebral

catheterization 99, 100, 131                        anastomoses 13

central (branch of MCA) 47, 47f                  inferior parietal 36f central retinal 34, 35f                                inferior pharyngeal 4f, 9

occlusion 327–329                          inferior temporal 53

of cervical elargement 77t                         inferior tympanic 4f cilliary 35, 35f                                        inferolateral trunk 6t, 20t circumflex 51, 52                                    cranial nerve blood supply 7t common carotid 3, 7, 55                         infrahyoid 8 costocervical trunk 75, 75t, 76, 77t                 infraorbital 6t, 23, 25f

catheterization 121, 129, 130                      branches

crycothyroid                                           anterior superior alveolar 23

anastomoses 8                                    middle superior alveolar 23
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naso-orbital 23                                 deep-type 25f

orbital 23                                       superficial-type 25f

palpebral 23                               intrinsic cord arteries 78

zygomatic 23                           jugal trunk 5f, 12–13

cranial nerve blood supply 7t                       branches

innominate 1 bucco-masseteric (aka buccal) 12

intercostal 75t, 76, 77t, 120t, 122, 123,                      posterior jugal 13

125f, 132                              jugular 9, 20t

catheterization 121, 128, 129                   lacerum segment 30 superior 120t, 124f, 129                        lacrimal 35, 35f supreme 120t, 129                           lateral clival 32

internal auditory (aka labyrinthine) 60, 61          lateral nasal 5f internal carotid 4f, 7, 36, 40t, 41f, 61t               lateral nasal (aka alar) 13

aberrant course 8                               lateral sacral 75t, 76 anastomoses 11                             lateral spinal 75 cavernous segment 6t, 20t, 30–33, 31f, 32f lateral trunk (aka inferolateral trunk, artery 

lateral trunk 31f of the inferior cavernous sinus, 

posterior trunk 31f                                     or lateral main stem) 32

cervical segment 26–27                      left subclavian 1 classification 26f                                lenticulostriate 46 clinoidal segment 33, 34f                      lenticulostriates 42 communicating segment 37–39              lingual 4f, 11 hypoplasia 27                                   branches hypoplasia or agenesis 33                             deep lingual 11 ischemic syndromes 608                           dorsal lingual 11 ophthalmic segment 33–36                         sublingual 11 petrous segment 6t, 29–30, 29f                        suprahyoid 11

caroticotympanic 30                      lingulofacial trunk 7

periosteal branch 29 lumbar 75t, 76, 77t, 120t, 122, 123, 126f, 132

Vidian (aka artery of pterygoid                  catheterization 121, 128, 129

canal) 30                               mandibular 6t

siphon 112 marginal tentorial (aka Bernasconi and 

supraclinoidal segment                                  Cassinari) 20t, 31

cranial nerve blood supply 7t               masseteric 22

variants 15                                     mastoid 14, 20t

internal frontal 45                                       branches internal iliac 75t                                              ascending 14 internal maxillary 4f, 17–24                               descending 14

anastomoses 10, 35, 36                              posteromedial, 14 branches medial branch group (aka capsular arteries 

accessory meningeal 21–22                         of McConnel) 33

anterior deep temporal 23                  median sacral 75t, 76

anterior tympanic 18                       meningohypophyseal trunk 6t, 32

buccal 22                                   cranial nerve blood supply 7t

deep auricular artery 17                     middle cerebral 36, 39, 45–49

foramen rotundum 23                       candelabra 112

greater palatine 23–24                         M1 segment 46, 61t

inferior alveolar (aka dental) 22                 M2 segment 46

infraorbital 23                                   M3 segments 46

masseteric 22                                 M4 branches 47

middle deep temporal 22                     syndrome 610

middle meningeal 18–20                     territory 610f

posterior superior alveolar 23               middle deep temporal 22, 25f

pterygoid 22                              middle internal frontal 44f

pterygo-vaginal 23                        middle jugal 13

sphenopalatine 24 middle meningeal 6t, 18–20, 18–21, 19f, 

Vidian 23                                          20t, 25f, 36
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Artery (cont’d)                                   Artery (cont’d)

anastomoses 10, 35                          persistent trigeminal 27–28, 33 branches                                       and Wada test 197

accessory meningeal 18                   petrosquamosal 20t fronal 19f, 20                                posterior auricular 4f, 15–16 masseteric 25f                                anastomoses 8 meningolacrimal 18                         branches parietal 19, 19f                                      auricular 15 petrosquamosal 18, 19f                           occipital 15 petrous 18, 19f                                    parietal 15 sphenoidal 18, 19f                                parotid 15 tempero-occipital (aka temporal)  sternocleidomastoid (aka muscular 

18, 19f                                           branch) 15

cranial nerve blood supply 7t                          stylomastoid 15 frontal branch 6t                                   variants 15, 16 sphenoidal branch 6t posterior cerebral 36, 39, 44, 49–54, 50f, 61

middle mental 5f, 13                                 cranial nerve blood supply 7t middle pharyngeal 4f meningeal branch (aka Davidoff and 

middle temporal (aka posterior deep                          Schecter) 20t, 51

temporal; branch of PCA) 17,              P1 segment 40t, 50–51, 52 50f, 53                                    P2 segment 51–54, 54

middle temporal (branch of MCA)                   P3 segment 52, 54

47f, 48                                    P4 segment 54

musculospinal 4f, 9                                  perforators 50, 51 nasal arcade 13                                      syndrome 612 neuromeningeal trunk 4f, 6t, 7t mimicking MCA occlusion 613, 614t

branches 9                                      territory 612f territories 9                                            and Wada test 197

occipital 4f, 5f, 7, 7t, 14–15, 20t, 27, 75t,  posterior communicating 36, 37, 37f, 38f, 

77t, 120t                                            40t, 50f, 61t

anastomoses 8, 10, 16                         posterior deep temporal 25f descending branch 14 posterior inferior cerebellar (PICA) 56, 

territories 15 57–59, 57f, 74, 75, 78, 130

variants 15                                         syndrome 618t

occipital (branch of posterior auricular) 15             territory 617f occipitoauricular trunk 8                           posterior internal frontal 44f ophthalmic 6t, 20t, 33, 33–36, 34f, 39              posterior meningeal 20t, 27, 56, 59

anastomoses 13, 19f, 33                       posterior parietal 47f, 48 branches                                    posterior spinal 75

nasal 13                                   posterior superior alveolar 23, 25f

cranial nerve blood supply 7t posterior temporal (branch of MCA) 47f, 48

occlusion 328 posterior temporal (branch of PCA) 53, 54

recurrent meningeal 6t                         posterolateral choroidal 50f, 52

orbitofrontal (branch of ACA) 42, 44f posterolateral spinal 74–75, 77t, 78, 78f

orbitofrontal (branch of MCA) 47, 47f Type IV, Intradural perimedullary 

P1 segment 61t                                          arteriovenous fistula 709 palpebral 36 posteromedial choroidal 50f, 51, 52, 52f, 

paracentral, 44f, 45                                            53, 54 parietal 45                                          precentral 47, 47f parietal (branch of posterior auricular) 15          prefrontal 47, 47f parieto-occipital 50f, 52, 53, 54                     prevertebral 9 parotid 15 proatlantal intersegmental 28–29, 28f, 59

of Percheron 612                                pterygoid 22 pericallosal 44, 44f                                 pterygo-vaginal 23, 25f persistent hypoglossal 11, 28, 28f                  radial persistent olfactory 41                                  puncture 104, 127 persistent otic 27–28, 30                           radicular 76–77, 78f persistent stapedial 8, 27, 30                        radiculomedulary 122
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radiculomedullary 77, 77t, 78f                     superior pharygeal 4f, 6t radiculopial 77, 77t, 78f, 122                       superior thyroid 4f, 7, 27 recurrent artery of Heubner 41, 42, 46, 610            anastomoses 8 recurrent artery of the foramen lacerum 33            branches 8 recurrent meningeal 20t, 35, 35f                       territories 8

anastomoses 33                                variants 9

sacral                                                suprascapular

anterior 120t, 130                                  anastomoses 8 lateral 120t, 130                                 supratrochlear 36

sphenoidal 20t                                   supreme intercostal 75t, 76 sphenopalatine 23, 25f, 292 tempero-occipital (aka temporal) 47f, 48

anastomoses 36                             temperopolar 47f, 49 branches                                    temporo-occipital 20t

lateral nasal (aka posterior lateral            tentorial 31f

nasal) 24                                thyrocervical trunk 75t

septal 24                                       anastomoses 8

spinal                                                 catheterization 121, 130

anterior 122, 123, 123f, 127f, 130              thyrolingual trunk 7 posterolateral 122, 123, 130                    thyrolingulofacial trunk 8

spinal arterial anatomy 78f                         tonsilar 5f splenial (aka posterior pericallosal) 44, 50f, 54         tonsillar 12 sternocleidomastoid 8                            transverse facial 6t, 16 sternocleidomastoid (aka muscular branch)            branches

15                                      jugal 16

sternocleidomastoid (aka muscular                       parotid 16

branches of occipital artery) 14                 superior masseteric 16

stylomastoid 5f, 14, 15–16                               zygomatic 16

cranial nerve blood supply 7t vertebral 11, 20t, 55–59, 56f, 61t, 74, 75, 

subarcuate 60                                              75t, 77t, 120t, 123f subclavian 55, 56f, 75, 75t                             anastomoses 11

aberrant left subclavian artery 2f                    branches aberrant right subclavian artery 2, 2f                   anterior meningeal 55 branches 3, 3f artery of cervical enlargement 55

submandibular 12                                    muscular 55 submental 5f, 12, 13                                     spinal 55 superficial temporal 4f, 6t, 16–17, 25f                 catheterization 100, 121, 130

anastomoses 16, 19f, 35, 36                       V1 segment 55 branches                                       V2 segment 55–56, 65

anterior auricular 17                            V3 segment 56

frontal 17                                       V4 segment 56–59

middle temporal (aka posterior deep        vertebral segmental 7t

temporal) 17 Vidian (aka artery of pterygoid canal) 23, 

parietal 17                                             27, 30

transverse facial 17                         zygomatico-orbital 16–17

zygomatico-orbital 17 ARUBA (A Randomized Trial of Unruptured 

superior anterior communicating 43                         Brain Arteriovenous superior cerebellar                                             Malformations) 518

syndrome 616, 617t                      ASITN (see American Society Of Interven-territory 616f tional And Therapeutic Neuro-

superior cerebellar (SCA) 58f, 60, 60–61 radilogy; American Society of 

cranial nerve blood supply 7t Interventional and Therapeutic 

superior hypophyseal 32, 36                                Neuroradiology) superior intercostal 75t                          ASNR (see American Society Of Neurora-superior labial 5f, 13 dilogy; American Society of 

superior laryngeal 8                                          Neuroradiology)

anastomoses 8                           Aspirgillus

superior parietal 44f                                and infectious aneurysms 486
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Aspirin 141, 207, 290, 425, 428, 578t, 579,         Balloon (cont’d)

599, 634t, 635t                         NC Ranger 419, 421

and carotid stenosis 650–651                      NC Raptor 419, 421 and intracranial stenosis 680–682                  Savvy 392 post-embolization 242 Balloon-assisted aneurysm coiling 161–162

Asymptomatic Carotid Atherosclerosis Study      Balloon test occlusion 179

(ACAS) 646                       complications 184

Asymptomatic Carotid Surgery Trial (ACST)          and direct CCFs 243

647                             history 179

Ataxia 614t, 616, 617t                                indications 183

optic 613t                                          predictive power 180

Atherosclerosis 575, 582, 641–642                   rationale 179–180

aortic 128                                          technique 184–186 aortic arch 2                                         venous 388–389 Atherosclerotic plaque 574                           complications 389 carotid                                                 technique 392–393

angiography 111                         Barbiturate coma 94

and the carotid bifurcation 642 Barrow classification of carotid-cavernous 

in the intracranial circulation 679–685                        fistulas 547 medical management 649–652               Barthel index 636 and moyamoya syndrome 691               Basic fibroblast growth factor pathophysiology 641                            and moyamoya disease 686 and verebral artery stenosis 663                    and moyamoya syndrome 694 vertebral                                        BASICS (Basilar Artery International 

angiography 111                                      Cooperation Study) 322

Atorvastatin 591 Basilar Artery International Cooperation Study 

and intracranial stenosis 682                                  (BASICS) 322

Atrial fibrillation 575, 577, 578t, 599, 635t BEACH (Boston Scientific EPI-A Carotid 

Atrial flutter 577 Stenting Trial for High Risk 

Atrial myxoma 575                                         Surgical Patients) 654t Atrial naturetic factor 467                           Bead Block 226–227, 246, 274 Atropine 108t, 140, 184, 390                         and spinal vascular lesions 707 Auditory nerve 60                               Beauty parlor stroke syndrome 668

blood supply 7t, 24                            Behcet’s disease 604

Australian Urokinase Stroke Trial 322             Behcet’s disease Avandamet (see Metformin)                        and moyamoya syndrome 691 Azathioprine 600–603                          Benadryl (see Diphenhydramine) Azygos anterior cerebral artery 41f, 42,              Benedikt syndrome 614t

43f, 61t                               Bernoulli principle 419

 

B         Bicêtre neonatal evaluation score 529t Bivalirudin 210, 588

Bleeding intracranial

Back pressure                                      embolization 245

in balloon test occlusion 181                   Blood flow velocity 182

Balint syndrome 613t, 615t Borden classification, dAVFs 539, 543–544

Balloon 243 Boston Scientific EPI-A Carotid Stenting Trial 

calibrated leak 247 for High Risk Surgical Patients 

detachable 227, 244, 274, 297                               (BEACH) 654t

technique 237–239, 284–285              Bottoms up dissection 668

Goldvalve 227                             Bovine arch 1, 2f Guardwire 186–187                        Bradycardia 390

technique 190–191 Brain arteriovenous malformation (AVM)

Hyperform 186–187, 229, 238, 250, 275,          and moyamoya syndrome 691

287, 392, 412                      Brain naturetic factor 467

technique 189 Brainstem evoked reponses (BAER) 272

Hyperglide 221, 419, 421                        in pre-embolization testing 223

technique 189                            Brainstem glioma

Maverick 314, 378                             and moyamoya syndrome 691
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Brethaire (see Terbutaline) Carotid angioplasty and stenting 652–660

Brevital (see Sodium Methohexital)                  in acute stroke 323–325 Bridging Trial (see Emergency Management          brief history 652–653

of Stroke Bridging Trial) carotid artery origin lesions 361–363

British Aneurysm Nimodipine Trial (BRANT)  versus carotid endarterectomy 659–660

471                             embolic protection devices 356–357

Bronchospasm 108t indications and contraindications 347–348

Bruit                                                list of trials 654–655t

carotid 608 management of complications 354–356

Bubbles 93                                       patient preparation 348–349 Buddy wire technique 267, 351                      rationale 653–656 Bupivicaine 196                                    recurrent stenosis after 659 Bupropion (Zyban) 598                            risk factors for complications 354

and intracranial aneurysms 439                   technique 349–354

Buscopan (see Hyocine-N-butylbromide) Carotid Artery Revascularization Using the 

 

C Boston Scientific FilterWire EX/

EZ and the EndoTex NexStent 

(CABERNET), 654t

CABERNET (Carotid Artery Revasculariza- Carotid Artery Stenosis with Asymptomatic 

tion Using the Boston Scientific  Narrowing: Operation versus 

FilterWire EX/EZ and the                        Aspirin (CASANOVA) 

EndoTex NexStent), 654t                        646–647

CADASIL (see Cerebral Autosomal Dominant     Carotid Artery Stenting With Emboli 

Arteriopathy with Subcortical  Protection Surveillance-Post-

Infarcts And Leukoencephal- Marketing Study (CASES-PMS) 

opathy)                                         655t

Cadence syringe 377, 377f                       Carotid blow-out syndrome 259 Calcium channel blockers                           endovascular treatment 293

and traumatic subarachnoid hemorrhage               complications 293

493                           Carotid bulb 26

Caldwell view 96f, 97t                            Carotid cave 34f Call-Fleming syndrome 604                     Carotid-cavernous fistula (CCF) 229 CAPTURE (Carotid Acculink/Accunet Post          direct 553–555

Approval Trial to Uncover Rare         embolization 243, 411–412

Events) 654t                           indirect 547–549

Carbonic anhydrase inhibiting drugs              Carotid dissection 664–667

and Wada test 193                               and pulsatile tinnitus 541

Cardiac abnormalities Carotid Duplex ultrasonography 648–649

and subarchnoid hemorrhage                 Carotid endarterectomy 642–649

468–469 versus carotid angioplasty and stenting 

Cardiac arrhythmia 575                                       659–660 Cardiac failure                                    Carotid occlusion

high output                                       atherosclerotic

in Vein of Galen malformations 244               asymptomatic 660

Cardiac myxoma                                  symptomatic 660–663

and pediatric aneurysms 481t Carotid Occlusion Surgery Study (COSS) 663

Cardiomyopathy 580 Carotid Revascularization Endarterectomy 

Cardioversion 579 versus Stent Trial (CREST) 

CaRESS (Clopidogrel and Aspirin for                          655t, 656t, 657–658

Reduction of Emboli in             Carotid Revascularization With ev3 

Symptomatic Carotid Stenosis)  Arterial Technology Evolution 

654t                                          (CREATE) 655t

Carotid Acculink/Accunet Post Approval          Carotid siphon 31, 32, 32f

Trial to Uncover Rare Events        Carotid stenosis

(CAPTURE) 654t                  asymptomatic 646–647

Carotid and Vertebral Transluminal                    high risk patients 645–646, 653

Angioplasty Study (CAVATAS)        intraluminal thrombus 659–660

656t, 657                              medical management 649–652
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Carotid stenosis (cont’d)                           Cavernous malformations 561–567

radiographic evaluation 647–648                 brainstem 566–567 risk factors 642                                     CCM genes 563 symptomatic 642–646                         epidemiology and risk factors 561 tandem lesions, 653 659–660                    familial form 562–563 timing of treatment 659                           imaging 563–564 ulcerated plaque 659–660                        management 564–567

Carotid stenting                                       natural history 564

for dissection or pseudoaneurysm 358             pathophysiology 562

Carotid-vertebrobasilar anastomoses  presentation and clinical features 564

27–29, 28f                            spinal 561

CASANOVA (Carotid Artery Stenosis with           sporadic versus familial 561

Asymptomatic Narrowing:          Cavernous sinus sampling 403 Operation versus Aspirin)               technique 398 646–647 Centers for Medicare and Medicaid Services 

CASES-PMS (Carotid Artery Stenting With                    (CMS)

Emboli Protection Surveillance-         and carotid stenting 347 Post-Marketing Study) 655t Central retinal artery occlusion 327–329

Catheter                                        Central volume principle 332

Angioptic 104, 110                           Cerebral Amyloid Angiopathy (CAA) Angled Taper 91f, 91t, 119, 120f, 130                        575, 579 Berenstein 110, 130, 264–265, 387, 396        Cerebral arterial dolichoectasia Berenstein Large Lumen Balloon Guide           and moyamoya syndrome 691

210, 211t Cerebral Autosomal Dominant Arteriopathy 

CK-1 91f, 91t With Subcortical Infarcts And 

Cobra 119, 120f, 128, 129 Leukoencephalopathy (CADA-

Envoy 197, 210, 211t, 264, 387, 391,                         SIL) 575, 579, 586

396, 419 Cerebral Autosomal Recessive Arteriopathy 

Glidecath 195, 265, 387, 396 With Subcortical Infarcts 

Guider Softip 210, 211t, 253, 264 And Leukoencephalopathy 

H1 (aka Headhunter) 91f, 91t                               (CARASIL) 586 Harwood-Nash 110                       Cerebral blood flow Magic 198                                  CT perfusion imaging of 330–336 Mikaelson 265                                normal values 331 Mikaelsson 119, 120f, 128–131               Cerebral blood flow (CBF) imaging Neuron 210, 211t, 213–214, 222                  and moyamoya disease 689 Newton 91f, 91t                             Cerebral blood volume Northstar Lumax 210, 211t, 212, 253, 265,         definition 330

382, 391, 407, 419                  Cerebral edema

Penumbra Reperfuson 419                     management 630–631 Prowler Plus 287                             Cerebral oximetry RDC 119, 120f                               in balloon test occlusion 181 Runway 265                            Cerebral salt wasting 467 Simmons 265                           Cerebral vasospasm (see Vasospasm) Simmons 1, 91f, 91t, 119, 120f, 128–131,  Cerebral venous thrombosis (CVT) 415

397                             clinical presentation 415

Simmons 2, 91f, 91t, 102f                        endovascular treatment 416 Simmons 3, 91f, 91t                                 indications 416–417 Spinaker 198                                      technique 417–422 Straight 119, 120f, 128                            imaging findings 416 Ultraflow 198                                   treatment 416 Vertebral 91f, 91t, 130                          Cerebritis

CAVATAS (Carotid and Vertebral                    paraneoplastic 604

Transluminal Angioplasty           CHADS score 578t, 579 Study) 656t, 657                    Chantix (see Varenicline (Chantix) )

Cavernous malformation                        Chiari II malformation 73, 74f

spinal cord 701, 710                           Chito-seal 101 and subarchnoid hemorrhage 462             Chlamydia pneumoniae 641

 

INDEX 725  Cholesterol                                       Coils (cont’d)

and carotid stenosis 642                            Microplex 228 reduction 650                                    Micrus 155

Choroidal blush 35, 329                             pushable 227, 274 Choroidal point 57f, 58f                                  technique 239, 285–286 Churg-Strauss syndrome 600t, 601–602              Sapphire NXT, 228, 275 Cigarette smoking 575, 580, 598, 635t                Tornado 227, 274

and carotid stenosis 642, 650                       Trufill 227, 274 and fibromuscular dysplasia (FMD) 671           Trufill DCS, 228 and intracranial aneurysms 439                   Vortex 227

Circle of Willis 40                                      Vortx 274 Circle Of Willis 112                               Coil stretching 171–172 Circle of Willis microsnare technique for retrieval of a 

and moyamoya disease 687, 689                           stretched coil 173f

Claude syndrome 614                          Collagen vascular disease Clopidogrel and Aspirin for Reduction of              and pediatric aneurysms 481t

Emboli in Symptomatic Carotid     Coma 415, 612

Stenosis (CaRESS) 654t Compliant versus noncompliant balloons 376t

Clopidogrel (Plavix) 141, 207, 290, 428, 634t      Complications

and carotid stenosis 651                            balloon test occlusion 184 post-embolization 242                               venous 390
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Crossed cerebellar diaschisis 182                      prevention 634 CT angiography (CTA) 336                     Dementia 573t
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in acute stroke 302                             Diabetes insipidis 467–468 at-a-glance interpretation 334–335f            Diazepam (Valium) 109t interpretation 333 Diffusion-weighted imaging (MRI) 336t
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Cushing’s disease (see also Cushing’s syndrome)     Diplopia

393–394, 400–401, 403 in carotid-cavernous fistula (CCF) 243

 

INDEX 727  Dipyridamole                                 EC-IC Bypass Trial 662, 680

and carotid stenosis 651 ECST (European Carotid Surgery Trial) 643–644

Dipyridamole/Aspirin (Aggrenox) 634t           Edema Direct carotid cavernous fistula (CCF)                 laryngeal 108t

553–555                       EEG (see Electroencephalography)
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and infectious aneurysms 485                 Fanconi anemia

Enterprise stent 166–167, 229–230, 275,              and moyamoya syndrome 691
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Epsilon-aminocaproic acid (Amicar) 464–465        and pediatric aneurysms 481t

and subarchnoid hemorrhage 478t                and pulsatile tinnitus 541
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Glacial acetic acid 224, 225, 232, 273              Headliner microwire 152 Glidecath 185, 188, 190 Heart and Estrogen/Progestin Study (HERS) 
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Intracranial angioplasty                             Kearns-Sayre syndrome (KSS) 594
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Needle                                                  Trial (see NASCET)

21 gauge 99                                 Northstar 185 butterfly 110                                    Notch 3 gene (see also Cerebral Autosomal Potts 90, 98, 99, 387, 407 Dominant Arteriopathy with 

Smart-Needle 98, 110                                     Subcortical Infarcts and SmartNeedle 381 Leukoencephalopathy) 579

Nephrogenic systemic fibrosis 338                Nothnagel syndrome 614t Neuracryl (see 2-hexyl cyanoacrylate)             Novastan (see Argatroban) Neurofibromatosis 438, 586, 705                 NPH (see Neutral Protamine Hagedorn)

and moyamoya syndrome 691               Nystagmus 617t

 

Neuroflo system 319                            O Neuroform stent 164–166, 229–230, 275, 

286–287, 412

versus Enterprise 162–163                    Obstructive Sleep Apnea (OSA) 595 technique 240–241                          Ocular massage

Neurogenic pulmonary edema 469 for central retinal artery occlusion 328

Neurointerventional team, personnel               Oculomotor nerve 69

requirements 139, 140                 blood supply 7t, 24

Neurojet 319                                   Olfactory nerve NEUROLINK stent system 664                   blood supply 7t Neuronet Retriever thrombectomy device 318     Omnipaque (see Iohexol) Neuron guide catheter 147–148, 317–318         Omniscan (see Gadodiamide) Neuroprotection                                Ondansetron (Zofran) 141

in acute ischemic stroke 627                   Onyx (see also Ethylene vinyl copolymer) 219, 

Neuropsychological testing 220, 223, 229, 242, 247, 270, 

in balloon test occlusion 180 271, 273, 274, 410–411, 413

in pre-embolization testing 199–201               for aneurysm treatment 158–159 in Wada test 196                                  technique 232–235, 279–280

Neutral Protamine Hagedorn (NPH) 105, 398      Ophthalmoplegia New England Medical Center Posterior Circu-        internuclear 615

lation Registry (NEMC-PC) 663           wall-eyed 615

NexStent 358                                  Optic nerve 33 Niacin 591                                        blood supply 7t Nicardipine                                     Optic strut 33, 34f

for vasospasm 379                           Oral contraceptives (OCP) 415, 595

Nicardipine (Cardene)                               and intracranial aneurysms 439

for treatment of vasospasm 476–477              and moyamoya syndrome 691

NIH Interventional Management of Stroke trial 320         progestin-only 595 NIH stroke scale 339–341t, 636                      stroke risk 596t Nimodipine (see also Calcium channel            Osler nodes 583, 583t

blockers) 471–473                 Osler-Weber-Rendu syndrome (see

intra-arterial pharmacologic treatment 477 Rendu-Osler-Weber syndrome)

prevention of ischemic injury due to 478t       Osteoblastoma

Nitric oxide 585                                      spine 701

for pulmonary hypertension 245               Osteogenesis imperfecta

Nitroglycerin                                        and direct CCFs 553

intra-arterial 148                                     and moyamoya syndrome 691 paste                                         Otitis media

for treatment of guide catheter-induced         and CVT 416

spasm 148                      Ovine corticotropin releasing hormone 

Nitroglycerine 104, 108t, 140                                   (oCRH) 398
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embolization 244

PA (see Postero-anterior View) and Osler-Weber-Rendu syndrome 244

Papavarine                                    Pitchfork 53f

and traumatic subarachnoid hemorrhage 493     Pituitary adenoma for treatment of vasospasm 476–477              and moyamoya syndrome 691

Paragangliomas 260                            Pituitary apoplexy

embolization, preoperative 246                    and subarchnoid hemorrhage 462 pre-operative embolization 293                Pituitary gland

Paramedian pontine syndrome 616                  arterial supply 32, 36 Paranaud syndrome 614, 615t                    Pivot microcatheter 150–151 Parkes-Weber syndrome                       Plasminogen deficiency 581t

and spinal vascular lesions 705                 Plavix (see Clopidogrel)

Parodi Anti-Embolic System 354, 357             Pneumoccal meningitis Paroxysmal atrial fibrillation 577                      and moyamoya syndrome 691 Particle beam radiosurgery                        Polyarteritis nodosa 601

of brain AVMs 521                         Polycystic kidney disease 435–437

Particulate embolization 226                          and moyamoya syndrome 691

technique 236–237, 282–283                    and pediatric aneurysms 480

PASCAL (Performance And Safety of the         Polycythemia vera 575, 590

Medtronic AVE Self-Expandable    Polymethyl methacrylate (PMMA) 296

Stent in Treatment of Carotid  Polyvinyl alcohol (PVA) 201, 226, 246, 274

Artery Lesions) 655t                    and spinal vascular lesions 707

Patent Foramen Ovale (PFO) 575, 580            Positron emission tomography (PET)

stroke risk 596t                                     in balloon test occlusion 182–183

Pediatric aneurysms 480–481                        memory localization 198 Peduncular hallucinosis 615                       Posterior circulation Penetrating neck injury 669–670                      anastomoses 7t Penumbra system 317–318                     Postero-anterior (PA) view 96f Perclose 103, 241, 289                            Post-operative bleeding 292 PercuSurge balloon 356                         Post-traumatic bleeding 292 Perforation vessel                                 Power injector 94, 121

complicating brain AVM embolization 249        settings 95t, 122t

Performance And Safety of the Medtronic          Power Injector

AVE Self-Expandable Stent in          specifications 136

Treatment of Carotid Artery          Power Injector, specifications 135

Lesions (PASCAL) 655t           Pravastatin

Perfusion imaging (MRI) 337–338 and subarchnoid hemorrhage 472, 478t

Perimesencephalic nonaneurysmal subarach-      Precise stent 358

noid hemorrhage 461–462          Prednisone 107

Peripheral vascular occlusive disease              Pregnancy

and moyamoya syndrome 691                  and Call-Fleming syndrome 604

Persistent primitive arteries                              complications 581t

and moyamoya syndrome 691                  contrast agents 105

Persistent stapedial artery (aka persistent                and CVT 416

hyoido-stapedial artery) (see and intracranial aneurysms 482–484

Artery, persistent stapedial)              miscarriage 581

and pulsatile tinnitus 541                           radiation exposure 105, 139

PET (see Positron emission tomography)             stroke risk 575 Petrolingual ligament 30                              thrombosis 581t Phakomatosis                                 Pressure measurements

and moyamoya syndrome 691                  and test occlusion 181

Phenox Clot Retriever 319                           venous 388–389 Phentolamine 108t                              Presyncope 572t, 573 Phenylephrine 141                              Primary antiphospholipid syndrome Phenytoin (Dilantin) 109t, 466                        and moyamoya syndrome 691 Pheochomocytoma 108t                       Primer on imaging in stroke 329–339
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PROACT (see Prolyse in Acute Cerebral           Radiation exposure 110, 138, 139

Thromboembolism)                 and pediatric aneurysms 481t

Prolyse in Acute Cerebral Thromboembolism         in pregnant patients 482

(PROACT) 302, 320             Radiosurgery

exclusion criteria 306–307t                        of brain AVMs 520–522

Propofol 141, 191, 197                               cavernous malformations 567 Proptosis and dAVFs 545, 547, 549, 550, 551, 553

in Carotid-cavernous fistula (CCF) 243         Raymond-Cestan syndrome 616

Prosody 612                                  Raymond syndrome 616 Prostaglandin synthesis                           Rebar 153f

and moyamoya disease 687                  Recurrent stenosis

Prosthetic heart valves 575                            after carotid endarterectomy 649 Protamine 140, 209, 263, 398                     Red-eyed shunt syndrome, indirect Protege stent 358                                                CC fistula 547 Protein C or S deficiency 581, 581t                Rehabilitation 635

and moyamoya syndrome 691 Rendu-Osler-Weber syndrome (aka hereditary 

Prothrombin gene mutation 580, 581t hemorrhagic telangectasia) 

Prourokinase 302–303                                      513–514 Proventil (see Albuterol)                               and spinal vascular lesions 705 Provocative testing 179–201, 234, 272, 297        Reopro (see Abciximab)

technique 223–224                          Rescue angioplasty

Pseudobubar palsy 616                             for acute ischemic stroke 313–314 Pseudomonas                              Reteplase (Retavase) 302–303

and infectious aneurysms 485                 Retinal artery embolization

Pseudophlebitic pattern, with intracranial  complicating meningioma embolization 

venous congestion                              249

and dAVFs 542                            Retrograde aortic flush 128

Pseudotumor cerebri Reversible ischemic neurological deficit 

clinical presentation 423                                       (RIND) 606 and venous sinus stenosis 423                  Rheumatic heart disease 575

Pseudoxanthoma elasticum 438                  Rheumatoid arthritis 603

and direct CCFs 553                         Right-left confusion 612t and moyamoya syndrome 691               Ringer’s lactate 108t and pediatric aneurysms 481t                  Romazicon (see Flumazenil)

Pulmonary embolism (PE) (see Pulmonary        Rubber duck 349f

thromboembolism (PTE) )          Rubicon 357

 

Pulmonary sarcoidosis                           S and moyamoya syndrome 691

Pulmonary thromboembolism (PTE) 

248, 633                          Safety point

Pulsatile tinnitus 390, 423, 541–542                   ophthalmic artery 35f

in Carotid-cavernous fistula (CCF) 243         Safety zones

Pulseless disease (see also Arteritis,                     for AVM embolization 230

Takayasu) 600 Saltzman variants, persistent trigeminal artery 27

Pulsitility index 182                                 SAPPHIRE (Stenting and Angioplasty Push technique 233f with Protection in Patients at 

PVA (see Polyvinyl alcohol) High Risk for Endarterectomy) 
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Sclerosing agents 225

Quadraparesis 616t                              Sclerotherapy Qureshi grading system for acute ischemic             technique 281–282

stroke 307t                          Seattle test (see Wada test, memory testing)

 

R SECURITY (Study to Evaluate the Neuro-

shield Bare Wire Cerebral 

Protection System and X-Act 

Radial arterial line 139 Stent in Patients at High Risk for 

Radial artery cocktail 104 Carotid Endarterectomy) 655t
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and brain AVMs 516, 519                                 272, 296 and cavernous malformations 565                in balloon test occlusion 181 postischemic stroke 632 in pre-embolization testing 199, 223

and subarchnoid hemorrhage 463, 465–466    Somnolence 613

Seldinger technique 247                          SPACE (Stent-Protected Percutaneous Sensorimotor syndrome 613 Angioplasty of the Carotid vs. 
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and subarchnoid hemorrhage 463             Spetzler-Martin grade (see also Arteriovenous 

Sepsis 572t, 573 malformation (AVM), brain) 

Serbinenko, Fedor 460                                        247, 518t Serpentine aneurysms 490–492                  SpideRX 356–357 Sheath 90, 101                                  Spike of death 264

arterial 119, 126, 139                           Spinal accessory nerve 26 femoral 185, 187, 194, 208, 262                   blood supply 7t, 9, 10, 24 femoral vein 381, 395, 424                    Spinal cord pathology 573t, 574 jugular 381                                   Spinal neurovascular anatomy 74–79 Pinnacle Destination 211, 211t                 Spinal vascular abnormalities radial 104                                          in pregnant patients with SAH 483 Shuttle 211, 211t, 263, 264, 265, 287, 391,      Spinal vascular lesions

406, 419, 425                          classification 701

Shuttle 185                                          spinal cord aneurysms 705, 707 Sickle cell disease 575, 586, 590, 597 Type I, Dural arteriovenous fistula 260, 

and intracranial aneurysms 438                             701–704, 702f and moyamoya syndrome 691                     embolization 294–295 and pediatric aneurysms 481t epidemiology and clinical features 

stroke risk 597–598                                         701–703 and subarchnoid hemorrhage 462                    management 701–703

Sick sinus syndrome 577 endovascular considerations 704

Silicone spheres                                             surgical considerations 703

for AVM embolization 247                         pathophysiology 703

Silk suture embolization 274                         Type III, Juvenile arteriovenous 

technique 237, 283–284                                   malformation 260, 708

Single photon emission computed tomography           embolization 295

(SPECT) 192 Type II, Intramedullary arteriovenous 

in balloon test occlusion 183 malformation 260, 704–707, 

SIR (see Society of Interventional Radiol-                        705f

ogy; Society Of Interventional              embolization 295

Radiology) epidemiology and clinical features 

Sjögren syndrome 603                                      704–706

and moyamoya syndrome 691                     management

Smile and mustache 44f endovascular considerations 707

Smith-Magenis syndrome                               radiosurgery 707

and moyamoya syndrome 691 surgical considerations 706–707

Snare (see Amplatz Goose Neck microsnare) Type II, Intramedullary arteriovenous 

Micro Elite 318                                             malformations microsnare technique for retrieval of a                  provocative testing 199

stretched coil 173f Type IV, Intradural perimedullary arterio-

Snare-assisted catheterization 383f venous fistula 260, 709–710

Society of Interventional Radiology (SIR)                embolization 295–296

and intracranial angioplasty and stenting        SSEP (see Somatosensory evoked potentials)

684–685                       SSYLVIA (Stenting of Symptomatic 

Society of Interventional Radiology (SIR)                       Atherosclerotic Lesions 

quality improvement guidelines 89t in the Vertebral or Intracranial 

Sodium amobarbital (Amytal) 141                            Arteries) 664, 683, 684 Sodium methohexital (Brevital) 141, 191, 197     STA-MCA bypass

in superselective Wada test 199                    and moyamoya syndrome 693–694
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and infectious aneurysms 485                    outcomes 636

Statins 591, 626, 635t, 650                            prevention

mechanism of action 592t                           secondary 634t and subarchnoid hemorrhage 471–472            risk factors 576

Stellate ganglion 55                                   thrombolysis for 301–329 Stem-cell transplantation 635 associated carotid stenosis + stroke 

Stent                                                          323–325

Wingspan 370–373 associated intracranial stenosis + stroke 

Stent-assisted aneurysm coiling 162–167, 229                   326–327 Stent-graft placement carotid or vertebral dissection + stroke 

technique 288–289                                       325–326

Stenting and Angioplasty with Protection  combined IV + IA strategies 320–321

in Patients at High Risk for  intra-arterial thrombolysis/thrombec-

Endarterectomy (SAPPHIRE)                   tomy 309–321 655t, 657                                    general technique 309–312

Stenting of Symptomatic Atherosclerotic                  IV thrombolysis 307

Lesions in the Vertebral or                       complications 308 Intracranial Arteries (SSYLVIA)  IV versus IA thrombolysis 304–306

664, 683, 684 management of complications 321

Stent placement                                        patient preparation 303–304

transvenous 423–428                              patient selection 304–306

complications 424                        Stroke mimics 572–574, 572t–573t indications 423                             Stroke-o-gram 309f technique 424–428 Stroke Prevention by Aggressive Reduction in 

Stent-Protected Percutaneous Angioplasty of  Cholesterol Levels (SPARCL) 591

the Carotid vs. Endarterectomy          results 591t (SPACE) 656t, 658 Study to Evaluate the Neuroshield Bare Wire 

Stents Cerebral Protection System and 

Acculink 275, 287, 428 X-Act Stent in Patients at High 

Enterprise. see Enterprise stent Risk for Carotid Endarterectomy 

Jostent 275. see Jostent                                        (SECURITY) 655t Neuroform. see Neuroform stent              Stump pressure (see Back pressure) NexStent 275, 287                           Stunned myocardium open cell versus closed cell 357 and subarchnoid hemorrhage 468–469

placement for AVF 286–288                 Sturge-Weber syndrome 514 Precise 425                                  Stylomastoid artery (see Artery, stylomastoid) stent-graft 297                                  Subarachnoid hemorrhage 461–480 Viabahn 275, 289 and antifibrinolytic therapy 464–465

Wallgraft 289                                   and cardiac abnormalities 468–469

Strange, but true 192, 194                             in CVT 415 Streptococcus                                      diagnosis 462–464

and infectious aneurysms 485                    and hydrocephalus 465

Stroke 223 International Subarachnoid Aneurysm Trial 

acute                                                      (ISAT) 479–480

clinical presentation 605                        management protocol 477–479t definition 571                                  mortality and morbidity 464 deteriorating neurological                       Perimesencephalic nonaneurysmal 

examination 630t subarachnoid hemorrhage 

ischemic 571, 582                                     461–462

basilar artery occlusion 322–323                  in pregnant patients 482–484 cardioembolic 574, 575                          rebleeding 464–465 cryptogenic 576, 635                             timing of treatment 465 definition 571                                     traumatic 493 incidence 571                                   and vasospasm 469–477 ischemic 586, 587, 599, 600                   Sublimaze (see Fentanyl) mechanisms 574                          Submental artery (see Artery, submental) mortality 571                                 Submentovertex 96f, 97t
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Suction thrombectomy 313                      Thromboembolism Superior labial artery 5f complicating brain AVM embolization 250

Superior sympathetic ganglion                    Thrombolysis 302–322

blood supply 9                                   for CVT

Susceptibility-weighted imaging (MRI) 339              indications 416–417 Swallowing evaluation                                 technique 420–421

prevention 634 Thrombolysis in Myocardial Infarction (TIMI) 

Swan-Ganz balloon catheter 186–189                          scale 306t

technique 188–189                          Thrombolytic agents 140, 302–303

Swiss Alps 57f Thrombotic thrombocytopenic purpura 575, 590

Sylvian aqueduct syndrome (see Paranaud         Thunderclap headache 604

syndrome)                      Ticlopidine (Ticlid) 634t

Sylvian dot sign 330                                 and carotid stenosis 651–652 Synchro microwire (see also Microwire,           Time to peak

Synchro) 152                        definition 330

Syncope 572t, 573                              TIMI scale (see Thrombolysis in Myocardial Syndrome of inappropriate ADH secretion                      Infarction scale)

(SIADH) 467 Tissue Plasminogen Activator (tPA) 140, 416, 

Syphilis                                                         420, 420–421

meningovascular 602                        Todd’s Paralysis 572t and pediatric aneurysms 481t                  Tonsilar artery (see Artery, tonsilar)

Systemic lupus erythematosus (SLE) 581, 603     Topiramate

and moyamoya syndrome 691                  and Wada test 193

Syvek hemostatic patch 101, 289, 385,  Top of the baslar syndrome 615, 615t, 616

398, 422 Torcular Herophili (aka confluence of the 

 

T            sinuses) 67, 67f, 73, 74f Tower of power access technique 351

Towne view 96f, 97t, 111

Tachycardiabradycardia syndrome 577            tPA (see Tissue plasminogen activator) Tandem stenoses 351                           Tranexamic acid 464–465, 478t TCD (see Transcranial doppler (TCD))            Transcranial doppler (TCD) 573 Temporal lobectomy 192                           in acute stroke Tenecteplase 302–303                                 therapeutic TCD 308 Terbutaline (Brethaire) 108t                           in balloon test occlusion 182 Terson syndrome 463                              and vasospasm 470–471 Thalassemia                                   Transend EX microwire 152

and pediatric aneurysms 481t                  Transesophageal echo 584

Theory                                      Transforming factor beta  1

hemodynamic balance of facial arteries 13         and moyamoya disease 686 normal perfusion pressure breakthough and     Transfusion 597

brain AVMs 519                  Transient contrast encephalopathy 355

three-stage hypothesis for the formation        Transient global amnesia (TGA) 606

of intracranial dural fistulas  Transient ischemic attack (TIA) 599, 605, 

539–541 612, 615, 616, 617, 620–621, 

Therapeutic arterial occlusion 174–176                          634t, 635t Thiazide diuretics 589–590                          crescendo 606 Thiopental                                         limb-shaking 608

in superselective Wada test 199                Transitional aneurysms 450–452

Thrombectomy 314–318                      Transverse facial artery (see Artery, transverse 

for CVT                                            facial)

indications 416–417                       Trauma technique 421–422                          and subarchnoid hemorrhage 462

Thrombocythemia                           Traumatic aneurysms 492–493

essential 590                                   Trendelenberg Position 108t

Thrombocytopenia                           Trigeminal nerve 60, 69

idiopathic 581                                    blood supply 7t, 24

Thrombocytopenic purpura                     Trigeminal neuralgia 60

and moyamoya syndrome 691 “Trigeminal segment,” internal carotid artery 30
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Triple H therapy (see Hyperdynamic therapy)     Vasospasm (cont’d) Trisomy  12p                                         hyperdynamic therapy 474–476

and moyamoya syndrome 691                     IA drug infusion 379

Troclear nerve 69 intra-arterial pharmacologic treatment 

blood supply 7t, 24                                          476–477

Trufull glue (see N-butyl cyanoacrylate (NBCA) )    Vein Tuberculosis                                        angular 62, 63, 63f, 64f

and moyamoya syndrome 691                  anterior caudate 71, 71f

Tuberous sclerosis                                    anterior cerebral 72

and moyamoya syndrome 691                  anterior condylar 65, 396 and pediatric aneurysms 481t                     anterior medullary 72f

Tumor, intracranial anterior pontomesencephalic 72f, 73

embolization 245–246                          atrial 71 hemorrhage 249 basal vein of Rosenthal 51, 71, 71f, 72, 72f

Turner syndrome                                 basilar venous plexus 68f, 69

and moyamoya syndrome 691                  brachial 72f

 

U          central retinal occlusion 328

cerebellar 69

Ultravist (see Iopromide)                              cerebellar hemispheric 67 Urokinase (Abbokinse) 302–303                    cervical veins 64–65 Urticaria 108t                                         clinoid venous plexus 33

 

V          common facial 64, 64f coronal venous plexus 123

cortical 67

Vagal reaction 107, 108t                              Cortical veins 69–70 Vagus nerve 26                                    cranial venous system 61–73

blood supply 7t, 9, 10, 24                           deep extracranial 64f

Valium (see Diazepam)                             deep facial 63, 64f Vampire bat (see Desmodus rotundus)                deep middle cerebral 72 Varenicline (Chantix) 598                            deep venous system 70–72, 71f, 73

and intracranial aneurysms 439                   diploic veins 65

Vascular ring 2                                       emissary veins 65, 68 Vasculitis 574, 599–604                              external jugular 63f

amphetamine-related 603–604                   external jugular (EJ) 64 definition 571                                     facial 63, 63f, 64f, 67 Lupus 600t                                   facial veins 62–64 lymphoma-related 604                          femoral primary CNS 602                               catheterization 396, 420 rheumatoid 600t                                   puncture 381 secondary CNS 602                           frontal 62, 63f and subarchnoid hemorrhage 462                of Galen 71, 71f, 72, 72f, 73 varicella zoster 602                                    malformation 110

Vasculopathy                                     inferior ophthalmic 62, 69

definition 571                                     inferior orbital 64f

Vasoconstriction                                     inferior retrotonsilar 72f

reversible cerebral 604.                             inferior vermian 72f

see also Call-Fleming syndrome        infratentorial venous system 72–73

Vasomotor disturbance 613t                         “intermediate” 67 Vasopressin 141                                   internal auditory 69 Vasospasm 469–477, 574, 604                      internal cerebral 71, 71f, 72, 73

clinical features and diagnosis 470–471            internal jugular 388 frequency and time course 469                       sampling 399 guide catheter-induced 253                       internal jugular (IJ) 63, 63f, 64 prevention of ischemic injury due to 471–473            puncture 381 risk factors 470                                     of Labbé 68, 70, 70f treatment 474–477                              labial 63f, 64

angioplasty 374–379, 476                    lateral mesencephalic 72f, 73
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maxillary 63, 64, 64f                               outcomes 529–531 medial ophthalmic 62                           spontaneous cure 244 medial temporal 62, 63f                       Velasquez A.C., 460 medullary veins 70–71, 71f                    Venography 408 meningeal 65                                  complications 385 nasal 67                                          interpretation 388 occipital 62, 63f Venous angioma (aka developmental venous 

orbital 62 anomaly, DVA) 73, 567–568

petrosal 72f, 73                                 Venous malformation pharyngeal 64f, 65                               superficial 259 posterior auricular 62, 63f                       Venous sinus 65–69 posterior condylar 65                              cavernous 63, 68f, 69, 70 posterior mesencephalic 72f, 73                       sampling 398 posterior pericallosal 72                             circular 69 precentral cerebellar 72, 72f, 73                    inferior group 68–69, 68f pterygoid plexus 63, 64f, 69, 70                    inferior petrosal 68f, 69 radicular 123                                         sampling 393–403 retromandibular 63f, 64                           inferior sagittal 66f, 67 scalp 62, 67                                        marginal 69 septal 71, 71f                                       occipital 66f, 67, 69 spinal venous plexus 55, 79                        sigmoid 66f, 68 spinal venous system 78–79                      sphenoparietal 65, 68f, 69 subependymal 71, 71f                           straight 66f, 67, 72f, 73, 74f submental 63f, 64                                superior petrosal 68, 68f, 69 suboccipital 64f, 65                                superior sagittal 66f, 67, 68, 73 superficial extracranial veins 63f                   tentorial 67 superficial Sylvian 65                              tentorial dural sinus 70 superficial temporal 62, 63f                        thrombosis 574, 581t superior cerebellar 72                              transverse 66f, 67–68, 67f, 73, 74f superior convexity 70, 70f                     Venous sinus stenosis 423 superior ophthalmic 411                          and dAVFs 423 superior ophthalmic (SOV) 62, 69             Venous sinus thrombosis 415 superior orbital 64f                                  and dAVFs 539–541 superior retrotonsilar 72f                        Ventolin (see Albuterol) superior vermian 72f, 73                       Verapamil 104 supraorbital 62, 63f intra-arterial pharmacologic treatment 477

supratrochlear 62, 63f                              for vasospasm 379 Sylvian 69, 69–70, 70f                        Versed (see Midazolam) thalamostriate 71, 71f Vertebral artery angioplasty and stenting 

thyroid 63f, 65                                               359–361, 664 of Trolard 70, 70f                                  technique 360–361 vermian 67                                Vertebral artery injury 668–670 vertebral 55, 65                                 Vertebrobasilar insufficiency (VBI) vertebral venous plexus 65, 68f                    diagnosis 663

Vein of Galen malformation 73, 244,                  medical management 663

527–531, 529                        prognosis 664

anatomy 528                              Very busy little artery 11 Bicêtre neonatal evaluation score 529t          Vestibular dysfunction 573t classification 527                               Veterans Administration Cooperative clinical features 528                                            Asymptomatic Trial 646 embolization 244–245, 530–531              Vidian nerve 30

transvenous 414–415                     Virchow-Robin spaces

embryology 527–528                          and infectious aneurysms 485 heart failure in 244–245                        Visipaque (see Iodixanol (Visipaque) ) hydrocephalus in 245                         Visual simultanagnosia 613t melting brain syndrome 528 ViVEXX Carotid Revascularization Trial 655t

natural history and prognosis 529              Vivexx stent 358
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W      Whole brain method (of CT perfusion) 332–333, 336

Williams syndrome

Wada, Juhn 191                                   and moyamoya syndrome 691 Wada Test 191–199                            Willis, Thomas (see also Circle of Willis) 40

alternatives 198                                Wilm’s tumor complications 193                               and moyamoya syndrome 691 history 191                                   Wingspan stent indications 193                                    in acute stroke 327 memory testing 192                            device specifications 371

Montreal test 192                             procedure 370–373 Seattle test 192                                  Wingspan clinical trial 683

monitoring devices required 135               Wire superselective                                     ATW Marker wire 98

complications 197                           Glidewire 91, 382, 387, 391, 396, indications 197                                           406, 408 technique 197–198                          J-tip 381, 387

technique 194–196                             J-wire 90, 98

Waldenstrom’s macroglobulinemia 590 Women Estrogen Stroke Trial (WEST) 589t

Wallenberg syndrome (see also Artery,             Women’s Health Initiative (WHI) 589t

posterior inferior cerebellar           Wren, Christopher 40 (PICA) syndrome) 618t            Wyburn-Mason syndrome 514

 

and dissecting aneurysms 489                 X

Wallstent (see also Stent), Wallstent 358 Warfarin 105, 576, 578t, 579, 580, 581, 

585, 588, 599                      Xact stent 358

hemorrhagic complications 578t               Xenon 133 immaging and intracranial stenosis 680–682                  in balloon test occlusion 182 stroke risk reduction 578t                       Xenon-CT

Warfarin-induced skin necrosis 581t                  in balloon test occlusion 182 Warfarin vs. Aspirin for Symptomatic                 and carotid occlusion 661

 

Intracranial Disease (WASID)       Y 680–682

WASID (see Warfarin vs. Aspirin for 

Symptomatic Intracranial            Yasargil classification Disease) of Vein of Galen malformations 414, 527

Watermelon seeding 361                        Yasargil, Gazi 88, 661

 

Watershed syndrome 613, 618                   Z ACA-MCA 608

Waters view 96f, 97t

Weber syndrome 614t                          Zonisamide Wedged technique 233f                            and Wada test, 193 Wegener’s granulomatosis 600t, 601              Zyban (see Bupropion) 

 

INDEX 743

index-45_1.png
Surgical view (Pterional approach)

Lateral view

AP view





index-550_1.png





index-676_1.png





index-66_1.png





index-615_1.png





index-384_1.png





index-68_1.png





index-337_1.png





index-316_1.png





index-617_1.png





index-341_1.png





index-545_1.png
Calvarium






index-133_1.png





index-182_1.png
LA
T






index-50_1.png





index-356_1.png





index-15_2.png





index-171_1.png





index-49_1.png





index-112_1.png





cover.jpeg
34 Humana Press





index-241_1.png
Full Column Technique

Push Technique






index-14_2.png





index-165_1.png





index-622_1.png





index-342_1.png
eee
00





index-106_1.png





index-77_2.png





index-13_1.png





index-162_2.png





index-81_1.png





index-16_2.png





index-111_1.png





index-390_1.png





index-129_1.png
N

Angled taper
or
VERT Mikaelsson Straight






index-620_1.png





index-83_1.png





index-104_1.png





index-30_1.png
Parietal Br.

to Ophth. Sph. Br.
AR

to Asc. Phar.

Petrous Br.
=
-~

and Asc. Palatine

AMA






index-74_1.png





index-453_1.png
e o e

Complete occlusion Dog ear Residual neck Aneurysm filling





index-64_1.png
Posterior

temporal






index-89_1.png





index-55_1.png





index-322_2.png





index-675_2.png





index-135_1.png





index-12_1.png





index-46_1.png





index-572_1.png





index-239_1.png





index-172_1.png





index-450_1.png
<40 40-49 50-59 60-69

Age (years)





index-67_1.png





index-686_1.png
5k

WASID method [ (M) ] X 100 = % Stenosis

Dnormal





index-614_1.png





index-36_1.png





index-59_1.png





index-102_1.png





index-85_1.png





index-649_1.png
Internal
Carotid
artery

External
Carotid

artery

Estimated
"- position of
+ Carotid wall

Common
Carotid
artery

=) x 100

NASCET =1 - (

ECST = 1-(2) x 100





index-123_1.png





index-78_1.png





index-52_2.png





index-63_1.png





index-42_1.png





index-15_1.png





index-179_1.png





index-441_1.png
attennuated
non-continuous media






index-710_1.png





index-584_1.png





index-134_1.png





index-713_1.png





index-176_1.png





index-58_1.png





index-3_1.png
M

%, & Humana Pres





index-79_1.png
';‘z?/,',,.,.WK/






index-75_1.png





index-16_1.png





index-458_1.png





index-54_1.png





index-577_1.png





index-653_1.png
Peak Systolic Velocity

-
[°]
[
n

—
£
o

-~
S

=
Q

L
[

>

10 20 30 40 S0 60 70 80 90 100
Angiography - Diameter Stenosis (%)






index-37_1.png
Supraclinoid

E. Fischer et al., 1938 H. Gibo et al., 1981 A. Bouthillier et al., 1996





index-43_1.png





index-675_1.png





index-621_1.png





index-181_1.png





index-113_1.png





index-77_1.png





index-622_2.png





index-136_1.png





index-612_1.png





index-337_2.png





index-159_1.png





index-40_1.png
0%,

S%
3539

A






index-69_1.png





index-48_1.png





index-61_1.png





index-43_2.png





index-51_1.png





index-132_1.png





index-174_1.png





index-13_2.png





index-85_2.png





index-52_1.png





index-109_1.png





index-614_2.png





index-14_1.png





index-469_1.png





index-55_2.png





index-165_2.png





index-1_1.png
Mark R. Harrigan
John P. Deveikis

Handbook of
Cerebrovascular
Disease and
Neurointerventional
Technique

3% Humana Press





index-322_1.png
20 cc syringe with 50/50
contrast/sallne, for balloon
prep and deflation

1 cc syringe for
balloon inflation

Balloon inflation lumen

Port for contrast
injections and
aspiration

Port for

pressurized,
heparinized saline






index-707_1.png





index-162_1.png





index-166_1.png





index-101_1.png
AR

Angled taper
or
VERT  SIM1 SIM2 SIM3 Newt CK1 H1






index-242_1.png





index-39_1.png





index-82_1.png





index-36_2.png





index-56_1.png





index-60_1.png





index-158_1.png





