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      Introduction   

 To the astonishment of the authors of this handbook, the publisher agreed to a second 
edition. This edition permits the authors to correct many of the embarrassing  gaffes  
(a.k.a.  howlers, screamers, booboos ) that saturated the  fi rst edition. More importantly, 
however, this edition allows for a much-needed update, as the  fi elds of cerebrovascular 
disease and neurointervention are evolving at a dizzying pace. Many of the landmark 
trials that we based clinical decision making on in the past have been superseded by 
more recent, better-done studies. Wonderful new devices are coming on the market at 
breakneck speed; for instance, the authors learned about several important new 
devices currently available only days before the manuscript for this edition was deliv-
ered to the publisher. Also, this edition allowed the authors to broaden the scope of the 
handbook to be more relevant to an international audience. The  fi eld of neurointerven-
tion is global and has always been; this edition of the handbook is meant to re fl ect that 
more than before. 

 Neurointervention has evolved into a rari fi ed and complex  fi eld, with a set of tech-
niques and a knowledge base that are distinct from other  fi elds within medicine. At the 
same time, clinicians from an assortment of disciplines have come to practice neuroin-
terventional 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, uni fi ed handbook of techniques 
and essential literature. This purpose of this handbook is to serve as a practical guide 
to endovascular methods and as a reference work for neurovascular anatomy and pub-
lished data about cerebrovascular disease from a neurointerventionalist’s 
perspective. 

 We attempted to enhance the accessibility and ease use of this handbook by 
arranging it in a semi-outline 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
    i.     Essential neurovascular anatomy and basic angiographic techniques provide 

the foundation of the  fi rst section.
   1.     The focus of Chapter   1     remains on vascular anatomy that is pertinent to 

day to day clinical practice. Embryology and discussions of angiographic 
shift, which is less pertinent these days because of widely available nonin-
vasive intracranial imaging, are left out. Discussions of anatomic variants 
include both normal variants and anomalies.
   a.     New for the second edition are some Angio-Anatomic Correlates that 

illustrate anatomic structures with angiographic pictures.      
   2.    Chapters   2     and   3     cover diagnostic angiographic techniques.  
   3.     New for the second edition, Chapter   4     is an introduction to basic interven-

tional access techniques and has a special appendix on the Neurointerven-
tional Suite, primarily intended for newcomers to the angio suite and for 
experienced interventionalists planning a new suite.          

    b.    Techniques
    i.     Endovascular methods, device information, and tips and tricks are detailed.

   1.    The second edition is packed with new information on evolving technology.          
    c.    Speci fi c disease states
    i.     Essential, useful information about each commonly encountered condition is 

presented.
   1.    Signi fi cant clinical studies are summarized and placed into context.  
   2.    Interesting and novel facts (and “factlets”) are included here and there.      

http://dx.doi.org/10.1007/978-1-61779-946-4_1
http://dx.doi.org/10.1007/978-1-61779-946-4_2
http://dx.doi.org/10.1007/978-1-61779-946-4_3
http://dx.doi.org/10.1007/978-1-61779-946-4_4
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    ii.     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 speci fi c statistical technique that is 
not always present in review articles purporting to be a meta-analysis.  

    iii.     For readers with extra time on their hands,  A Brief History of…  sections 
describe the background and evolution of various techniques.          

   2.     Core philosophy. Within the practical information 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 prior-
ity 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 judgment and the best available clinical data. 
Moreover, new medical technology and drugs should be used  within reason , and 
whenever possible, based on 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 subarachnoid hemorrhage, embolize asymptomatic and low-risk dural 
AV  fi stulas, and perform carotid angioplasty and stenting in patients with asymp-
tomatic stenosis, we should recognize the value of conservative management when 
it is called for. We hope that this cautious and common sensical outlook is re fl ected 
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  fi eld as complex as neurointervention to a relatively simplistic 
how-to manual, we feel that structure and standardization of technique can only 
serve to bene fi t the  fi eld in the long run. For comparison, consider commercial air 
travel in the present era. Air travel fatalities are extremely rare, due to pilot train-
ing, standardization of  fl ying techniques and meticulous aircraft maintenance. 
Even the most skilled and careful neurointerventionalists 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 current and 

commonly used terms; synonymous terms are listed in parentheses after “aka,” 
for  also known as .  

    b.     We have limited the use of abbreviations to those commonly used in everyday 
conversation, such as “ICA” and “MCA.” Excessive use of abbreviations, particu-
larly for uncommon terms, can clutter the text and make it dif fi cult 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 some topics may appear to be repetitive and 
redundant; for instance, guide catheters are discussed in Chapters   4    ,   5     and   7    . 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 addi-
tion, some overlap can actually be bene fi cial, as some topics can be discussed from 
different perspectives. For example, the evaluation of a stroke patient in the emer-
gency room is discussed in Chapter   9     from the perspective of an interventionalist 
seeing a patient with a  fi rm diagnosis of acute ischemic stroke, whereas a discus-
sion of the same topic appears in Chapter   17     from the perspective of the “Code 
Stroke” team answering a call from the ER. There was some paring down of redun-
dancy compared to the  fi rst edition, to create space for new content.  

   6.     Also new for the second edition :
    a.    Global Gems that illuminate aspects of the  fi eld outside the United States.  
    b.     Angio-anatomic Correlates (and a few Angio-pathologic Correlates) are special 

 fi gures that have angiographic images illustrating a particularly interesting 
point.  

    c.    Newly released study results that will in fl uence neurointerventional practice.  
    d.    Information on emerging technologies in this rapidly advancing  fi eld.  
    e.    Fewer typographical errors than the  fi rst edition.  
    f.     Astute readers will also  fi nd many new pearls of wisdom and a few sparks of 

levity.      

http://dx.doi.org/10.1007/978-1-61779-946-4_4
http://dx.doi.org/10.1007/978-1-61779-946-4_5
http://dx.doi.org/10.1007/978-1-61779-946-4_7
http://dx.doi.org/10.1007/978-1-61779-946-4_9
http://dx.doi.org/10.1007/978-1-61779-946-4_17
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   7.     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 can-
not be held responsible for the use of these devices and drugs by readers, or for 
failure by the readers of this book to follow speci fi c manufacturer speci fi cations and 
FDA guidelines.        
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        Part 1. Fundamentals    
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    1.     Essential Neurovascular Anatomy           

         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 (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 common 

carotid artery (CCA) share a common origin (up to 27% of cases), or the 
left CCA arises from the innominate artery (7% of cases).   1    The bovine 
variant is more common in blacks (10–25%) than whites (5–8%).   2      

    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 its way to the right upper 
extremity. This is the most common congenital arch anomaly; incidence: 
0.4 – 2.0%.   3    It is associated with Down syndrome.  

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

a

c d

b

  Fig. 1.1    Common aortic arch con fi gurations.  Clockwise from upper left : ( a ) Normal arch; 
( b ) bovine arch; ( c ) aberrant right subclavian artery, and ( d ) origin of the left vertebral 

artery from the arch.       
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    d)    Less common variants (Fig.  1.3 ). Some of these rare anomalies can lead 
to formation of a vascular ring in which the trachea and esophagus are 
encircled by connecting 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 dif fi cult to negotiate 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 (ICA) may undergo 
 metaplastic transformation , in which elastic and muscular tissue in the artery 
wall is replaced by loose connective tissue.   4         

 The most common subclavian artery con fi guration is shown in Fig.  1.5 . Major branches 
are: 

   Vertebral artery   ●

  Thyrocervical trunk ●

   Inferior thyroid artery   –
  Ascending cervical artery (most commonly a branch of transverse  –
cervical)  
  Transverse cervical artery   –
  Suprascapular artery      –

  Costocervical trunk ●

   Deep cervical artery   –
  Superior or supreme intercostal artery      –

  Dorsal scapular artery (may also arise from transverse cervical)    ● 5      
  Internal thoracic (mammary) artery      ●

  Fig. 1.2    What exactly is a “bovine arch?” Drawing of an arch from a cow. In cattle, 
a single great vessel originates from the aortic arch   286   . Presumably, the long 

brachiocephalic artery is due to the relatively long distance from the aorta to the 
thoracic inlet in cattle. Because humans do not have a true “bovine arch,” Layton 

and colleagues proposed that the more precise term, “Common-Origin-of-the-
Innominate-Artery-and-Left-Common-Carotid-Artery” and “Origin-of-the-Left-

Common-Carotid-Artery-from-the-Innominate-Artery” supplant the term bovine 
arch   287   . This is akin to proposing that the universally understood term, “p-comm 

aneurysm” be replaced by the more accurate “aneurysm-arising-from-the-internal-
carotid-artery-adjacent-to-the-origin-of-the-posterior-communicating-artery.” The 

authors of this handbook will continue to use the well understood but anatomically 
imprecise terms, bovine arch and p-comm aneurysm.       
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    1.2.     Common Carotid Arteries 

 The CCAs travel within the carotid sheath, which also contains the internal jugu-
lar 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.   6    The CCAs do not usually 
have branches, although anomalous branches can include the superior thyroid, ascend-
ing pharyngeal, or occipital arteries.   1     

a

c d e

b

  Fig. 1.3    Selected aortic arch anomalies. ( a ) Double aortic arch. The arches encircle the 
trachea and esophagus to form the descending aorta, which is usually on the  left . The 
 right arch  is larger than the  left  in up to 75% of cases   1   . ( b ) Double aortic arch with left 

arch atresia. ( c ) Right aortic arch with a mirror con fi guration. 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 

con fi guration 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   288   . ( e ) Bi-innominate artery.       

Class I Class II Class III

  Fig. 1.4    Aortic arch elongation classi fi cation scheme.       
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     1.3.     External Carotid Artery 

 The external carotid artery (ECA) originates at the common carotid bifurca-
tion. From its origin, the ECA 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 super fi cial temporal arteries.   7    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.  

1 3

2

6

5

7

9

84

  Fig. 1.5    Subclavian    artery. ( 1 ) Vertebral artery; ( 2 ) inferior thyroid artery; ( 3 ) ascending 
cervical artery; ( 4 ) transverse cervical artery; ( 5 ) Suprascapular artery; ( 6 ) deep cervical 

artery; ( 7 ) supreme intercostal artery; ( 8 ) dorsal scapular artery; ( 9 ) internal mammary artery.       

8

7

5

6

2

4

3

1

  Fig. 1.6    External carotid artery. ( 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 ) super fi cial temporal artery.       
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     1.    Branches     
 There are eight major branches of the ECA (Fig.  1.6 ). Commonly, the branches 
are listed in order by their point of origin from proximal to distal. 

    1.    Superior thyroid artery  
    2.    Ascending pharyngeal artery  
    3.    Lingual artery  
    4.    Facial artery  
    5.    Occipital artery  
    6.    Posterior auricular artery  
    7.    Super fi cial temporal artery  
    8.    Internal maxillary artery     
 Occasionally, these branches arise from the ECA trunk. The ventral group arises ante-
riorly from the ECA and the dorsal group of branches arises posteriorly from the ECA. 
Therefore, grouping the ECA branches based on their ventral or dorsal axis is more 
useful and more consistent. 
 Ventral external carotid branches:

   Superior thyroid artery   ●

  Lingual artery    ●

  Facial artery   ●

  Internal maxillary artery     ●

 Dorsal external carotid branches
   Ascending pharyngeal artery   ●

  Occipital artery   ●

  Posterior auricular artery   ●

  Super fi cial temporal artery    ●

    2.    Territories 
 The ECA 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 anastamoses are present between 
ECA branches and the branches of the internal carotid and vertebral arteries. 
These anastamoses provide collateral  fl ow to the vascular 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 discus-
sion of individual ECA branch anastamoses and Tables  1.1 ,  1.2 ,  1.3 , and  1.4 .      

    3.    Variants:
     (a)    The most frequent branching pattern seen at the common carotid bifurcation 

(in 48.5%) is the external carotid arises anteromedially while the internal 
carotid arises posterolaterally. The most frequent branching pattern seen at 
the common carotid bifurcation  fi nds the external carotid arising anterome-
dially. Occasionally, the ECA arises posterolaterally or directly laterally.   8,  9     

    (b)    The ECA and ICA may rarely arise as separate branches of the aortic arch.   7,  10     
    (c)    Some ECA branches, especially the superior thyroid artery, may arise 

from the CCA.  
    (d)    Some branches (especially the ascending pharyngeal or occipital arter-

ies) may originate from the ICA.  
    (e)    A common origin of superior thyroid, occipital, and ascending pharyngeal 

arteries from the ICA has been reported.   11     

 Mnemonic for the external carotid 
  Branches  
  After reading this book . . .  
  S ome  A ngry  L inguists  F ind  O ur  P aragraphs 
  S omewhat  I rritating 

  S uperior thyroid 
  A scending pharyngeal 
  L ingual 
  F acial 
  O ccipital 
  P osterior auricular 
  S uper fi cial temporal 
  I nternal maxillary 

 More amusing and off-color mnemonics are available to assist the novice in remem-
bering these branches. If the readers’ imaginations fail them, the authors would be 
more than happy to supply additional memory aids for this purpose. 
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   Table 1.1    Anastamoses to anterior circulation   

 Anastamosis from  Anastamosis to 
 Comments/
reference 

 Ascending pharyngeal, 
neuromeningeal trunk 

 Cavernous carotid via meningohypophy-
seal trunk 

    19    

 Ascending pharyngeal, inferior 
tympanic branch 

 Petrous carotid via caroticotympanic     19    

 Ascending pharyngeal, superior 
pharyngeal 

 Cavernous carotid via inferolateral trunk     19    

 Ascending pharyngeal, superior 
pharyngeal 

 Petrous carotid via mandibular branch     19    

 Accessory meningeal (cavernous 
branch) 

 Cavernous carotid via inferolateral trunk, 
posterior branch 

    19    

 Middle meningeal (cavernous 
branch) 

 Cavernous carotid via inferolateral trunk, 
posterior branch 

    19    

 Middle meningeal (cavernous 
branch) 

 Cavernous carotid via meningohypophy-
seal trunk 

    19    

 Distal internal maxillary (artery 
of foramen rotundum) 

 Cavernous carotid via inferolateral trunk, 
anterolateral branch 

    19    

   Table 1.2    Common anastamoses to ophthalmic artery   

 Anastamosis from  Anastamosis to  Reference 

 Middle meningeal, sphenoidal branch  Ophthalmic     19    
 Middle meningeal, frontal branch  Ophthalmic via anterior falx artery     19    
 Inferolateral trunk, anteromedial branch  Ophthalmic     19    
 Distal internal maxillary, anterior deep 
temporal 

 Ophthalmic     19    

 Distal internal maxillary, infraorbital  Ophthalmic     19    
 Distal internal maxillary, sphenopalatine  Ophthalmic via ethmoidal branches     19    
 Distal facial  Ophthalmic     19    
 Transverse facial  Ophthalmic     19    
 Super fi cial temporal, frontal branch  Ophthalmic     19    
 Cavernous carotid, inferolateral trunk  Ophthalmic via recurrent meningeal 

branch 
    19    

   Table 1.3    Common anastamoses to posterior circulation   

 Anastamosis from  Anastamosis to 
 Comments/
reference 

 Ascending cervical  Vertebral segmental branches     19    
 Deep cervical  Vertebral segmental branches     19    
 Occipital, muscular branches  Vertebral segmental branches     19    
 Ascending pharyngeal, muscular 
branches 

 Vertebral segmental branches     19    

 Ascending pharyngeal, 
neuromeningeal trunk 

 C3 segmental vertebral via 
odontoid arch 

 Odontoid arch 
connects side-to-side   19    
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    (f)    Rarely, all external carotid branches may arise from the ICA.   12     
    (g)    External carotid branches may arise as common trunks with other 

branches including: linguofacial trunk (20% of cases), thyrolingual trunk 
(2.5% of cases), thyrolinguofacial trunk (2.5% of cases), and occipitoau-
ricular trunk (12.5% of cases).   13     

    (h)    Persistent stapedial artery,   14    or, for the anatomic purist, the persistent 
hyoido-stapedial artery,   15    arises from the petrous ICA, passes through the 
middle ear, and forms the middle meningeal. The prevalence of persistent 
stapedial arteries in 1,000 temporal bones was 0.48%.   16    This anomaly can 
be associated with the so-called  aberrant course of the ICA in the middle 
ear , which probably really represents a collateral pathway involving the 
inferior tympanic branch of the ascending pharyngeal artery bypassing a 
segmental agenesis of the true ICA.   17,  18            

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

thyroid artery originates from the anterior surface of the parent artery and immedi-
ately turns caudally to supply the anterior soft tissue structures of the neck.
    1.     Branches
    (a)    Infrahyoid artery 
   The infrahyoid (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 travels alongside the internal laryngeal nerve inf-

eromedially from its origin and pierces the thyrohyoid membrane to supply the 
mucosa of the larynx superior to the vocal cords and taste buds of the epiglottis.   20   
    i.    Branches 
   The superior thyroid artery has two major branches and a small 

epiglottic branch. Its ventral branch anastomoses with the both 
the cricothyroid artery and superior laryngeal arcade. The dorsal 
branch anastamoses with the longitudinal laryngeal arcade.   19     

   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: Oculomotor  Basilar, superior cerebellar, posterior cerebral, 

inferolateral trunk, ophthalmic 
    19,  73    

 IV: Trochlear  Inferolateral trunk, meningohypophyseal trunk     19,  73    
 V: Trigeminal  Inferolateral trunk, meningohypophyseal trunk, middle 

meningeal, accessory meningeal, artery of foramen 
rotundum, infraorbital 

    19,  73    

 VI: Abducens  Inferolateral trunk, meningohypophyseal trunk, middle 
meningeal, accessory meningeal, ascending pharyngeal 
(jugular branch) 

    19,  24,  73    

 VII: Facial  Stylomastoid (from post auricular or occipital), middle 
meningeal (petrous branch), ascending pharyngeal 
(inferior tympanic and odontoid arcade) 

    19,  74    

 VIII: Auditory  Basilar, AICA, ascending pharyngeal jugular branch     19,  75    
 IX: Glossopharyngeal  Ascending pharyngeal jugular branch     19,  24    
 X: Vagus  Ascending pharyngeal jugular branch, superior and 

inferior thyroid, laryngeal branches 
    19,  24    

 XI: Spinal Accessory  Ascending pharyngeal (jugular, inferior tympanic and 
musculospinal branches) 

    19,  24    

 XII: Hypoglossal  Ascending pharyngeal, hypoglossal branch and proximal 
trunk, occipital, directly from external carotid, lingual 

    19,  76    
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    ii.    Territory 
   The superior laryngeal artery supplies the pharyngeal and laryn-

geal structures as well as the internal laryngeal nerve. It anasta-
moses 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 ECA or ascending  –
pharyngeal artery.   19     
  In 6 of 22 anatomic specimens, the superior laryngeal artery  –
does not pierce the thyrohyoid membrane but instead passes 
through a foramen in the thyroid cartilage to supply the soft 
tissues of the larynx.   21            

    (c)    Sternocleidomastoid artery 
   The sternocleidomastoid artery feeds the middle part of the sternocleido-

mastoid muscle. It anastamoses superiorly with the muscular branches 
of the occipital and posterior auricular and inferiorly with the thyrocervi-
cal trunk and suprascapular. It can also connect with the glandular 
branches of the superior thyroid artery.  

    (d)    Cricothyroid artery 
   Anastamoses with the superior laryngeal artery and feeds the upper 

trachea.  
    (e)    Glandular branches 
   These are a continuation of the superior thyroid trunk with superior, 

medial and lateral arcades to supply the thyroid gland. They freely anas-
tamose with their contralateral counterparts.      

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

ynx, its associated musculature, and the upper pole of the thyroid gland.   7    
In a minority of cases the superior thyroid provides blood  fl ow to the 
parathyroid glands.   22    The superior laryngeal branch accompanies and 
can supply the internal laryngeal nerve. The superior thyroid branches 
freely anastamose with their contralateral counterparts and the inferior 
thyroid artery (from the thyrocervical trunk).      

    3.    Variants
    (a)    The superior thyroid artery arises from the ECA in 46% of cases and 

more commonly, from the CCA in 52% of cases.   23     
    (b)    The superior thyroid artery may arise in a common trunk with the lin-

gual as a thyrolingual trunk.  
    (c)    Rarely, the superior thyroid artery may arise from the ICA.   11             

      Ascending Pharyngeal Artery 
 The ascending pharyngeal artery is a thin, slender branch that arises from the 

very proximal posterior aspect of the ECA or in the crotch of the CCA (Fig.  1.7 ). It 
travels cephalad parallel to the ICA. Its termination in the superior pharynx creates a 
forward and medial right angle turn. 
    1.    Branches
    (a)    Inferior pharyngeal artery 
   A relatively small vessel arising from the proximal ascending pharyn-

geal, the inferior pharyngeal travels anteriorly in a zigzag fashion. It sup-
plies the pharyngeal muscles and mucosa. It anastamoses with its 
contralateral counterpart.  

    (b)    Musculospinal artery 
 The vessel may arise from the ascending pharyngeal itself or from the 
neuromeningeal trunk. It extends posteriorly and superiorly for a short 
distance before curving inferiorly. It primarily supplies muscles, but also 
may supply the ipsilateral upper spinal nerve roots, the eleventh cranial 
nerve, and superior sympathetic ganglion. In addition, it may anasta-
mose with the ascending and deep cervical and vertebral arteries.   19,  24     

    (c)    Neuromeningeal trunk 
 This is a major branch of the ascending pharyngeal artery that continues 
cephalad but angles gently to the posterior. It has several important 
branches that pass through foramina in the skull base.
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    (i)    Branches
     – Musculospinal artery  
 This branch may variably arise from the neuromeningeal 
trunk instead of originating from the ascending pharyngeal 
artery.  
    – Jugular artery  
 Often the largest branch of the neuromeningeal trunk, this 
vessel heads straight cephalad to the jugular foramen. It 
supplies the ninth through the eleventh cranial nerves and 
their ganglia. A medial branch ascends on the clivus to sup-
ply the eleventh cranial nerve. Its 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 lateral clival branch of the meningohypohyseal 
trunk and dural branches of the vertebral artery are 
possible.   19     
    – Hypoglossal artery  
 This branch enters the hypoglossal canal and supplies the 
twelfth 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 
contralateral hypoglossal artery, and the odontoid arcade.   19,  25     
    – Prevertebral artery  
 It often arises from the neuromeningeal trunk and 
 contributes to the odontoid arcade. It anastamoses with its 

SP
IT JB

HG

NMT
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MS
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STh

ECA

AscPh

IP

MP

  Fig. 1.7    Ascending pharyngeal artery. A common branching pattern of the ascending 
pharyngeal artery is shown. Note internal carotid ( ICA ), external carotid ( ECA ), 

superior thyroid ( STh ), ascending pharyngeal ( AscPh ), inferior pharyngeal ( IP ), middle 
pharyngeal ( MP ), superior pharyngeal ( SP ), inferior tympanic ( IT ), musculospinal 

branches ( MS ), neuromeningeal trunk ( NMT ), jugular branch ( JB ) entering the jugular 
foramen, hypoglossal branch ( HG ) entering the hypoglossal foramen, and prevertebral 

(not shown).       
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 contralateral counterpart, the anterior meningeal branch of 
the vertebral and hypoglossal artery branches.   25        

    ii.    Territories 
 The very important neuromeningeal trunk of the ascending pha-
ryngeal artery supplies cranial nerves VI, IX, X, XI, and XII, and 
potentially collateralizes to the upper three spinal nerves and the 
superior sympathetic ganglion. Its meningeal territory includes a 
large portion of the posterior fossa meninges. Anastamotic chan-
nels exist to its contralateral counterpart and meningeal branches 
of the vertebral artery and the meningohypophyseal trunk.   24   

    iii.    Variants 
 All branches of the neuromeningeal trunk are in vascular equilib-
rium with each other and with their anastamotic connecting ves-
sels. Hypoplasia or absence of one or more vessels is accompanied 
by hypertrophy of the existing branches.      

    (d)    Prevertebral artery 
 Occasionally, this artery arises directly from the ascending pharyngeal 
artery and contributes to the odontoid arcade.   25     

    (e)    Inferior tympanic artery
    i.    Branches 

 There are three common branches of the inferior tympanic artery.   19   
   Ascending branch connects to petrosal branch of middle  –
meningeal artery  
  Anterior branch connects to the caroticotympanic branch   –
  Posterior branch connects to the stylomastoid artery, a  –
branch of the posterior auricular artery     

    ii.    Territories 
 Supplies the middle ear cavity and associated nerves, including 
the twelfth nerve and tympanic branch of the ninth cranial nerve 
(aka  Jacobson’s nerve ).  

    iii.    Variants 
 May arise from the neuromeningeal branch, the ascending pha-
ryngeal artery, or it may appear as a trifurcation with the inferior 
tympanic artery arising in between neuromeningeal and pharyn-
geal divisions.   19         

    (f)    Middle pharyngeal artery
    i.    Branches 

 No named branches.  
    ii.    Territories 

 Supplies mucosa and muscles of the naso- and oropharynx as well 
as the soft palate.   26    Anastamoses with contralateral middle pha-
ryngeal artery, ipsilateral ascending palatine artery, greater pala-
tine artery, and branches of the accessory meningeal artery.  

    iii.    Variants 
 May arise from ascending pharyngeal artery proximal or occasion-
ally distal to the origin of neuromeningeal trunk.      

    (g)    Superior pharyngeal artery 
 As the most cephalad anterior branch of the ascending pharyngeal artery, this 
tends to be a small vessel. The pharyngeal branches take an abrupt anterior 
and medial angulation from the vertical ascending pharyngeal artery.
    i.    Branches 

 There are several common branches of the superior pharyngeal 
artery, but only one is named.

   The carotid branch actually traverses the cartilage  fi lling the  –
foramen lacerum and connects to the cavernous ICA via the 
inferolateral trunk.  
  Anterior unnamed branches to the upper nasopharynx and  –
adjacent tissues.     

    ii.    Territories 
 Supplies upper nasopharynx including the ori fi ce of the Eustachian 
tube as well as associated muscles, including superior constrictor. 
Has many potential anastamoses, including accessory meningeal, 
pterygovaginal, and contralateral superior pharyngeal. If a Vidian 
branch is present, this is a potentially dangerous anastamosis  during 
embolization procedures and it may also contribute to cavernous 
carotid  fi stulas via the petrous ICA.  


