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Summary. Anatomical  characteristics of  the internal 
carotid arteries are detailed in 50 anatomical prepara- 
tions of frontal, sagittal and transversal sections f rom 
subjects aged between 42 and 76 years. The results 
obtained are compared with those reported in the 
literature and the following points are emphasized: 

Dimensions of  the vessels (for the right internal 
carotid artery, the external diameter in the region 
of the neck was found to be 5_+0.8 mm, the mean 
length 154.9__+ 13.8 ram. There was no significant dif- 
ference between left and right arteries). 

The variations in its course, with tortuousities at 
fixed points appearing relatively early in life, and their 
importance to arterial pathologies. 

The principal relationships of  the cervical portion 
(C1), the petrous portion (C2), with the different parts 
of  the ear and the cavernous portion of the artery 
(C3) in particular, and with the pituitary. 

Les art~res carotides internes 

R~sum& Les caractdres des art6res carotides internes 
sont pr6cis6s sur 50 pr@arations anatomiques de su- 
jets fig6s de 42 /t 76 ans et sur des coupes frontales, 
sagittales et transversales. Les donn6es recueillies sont 
confront6es aux observations rapport6es dans la littd- 
rature en insistant sur: 
- l a  biom6trie des vaisseaux (pour l 'art6re carotide 
interne droite, diam&re externe dans la r6gion cervi- 
cale moyenne:  5_+0.8 ram, longueur moyenne:  
154,9_+ 13,8 ram, il n'existe pas de variation significa- 
tive entre les art6res droites et gauches); 
- les variations de trajet avec sinuosit6s fix6es relative- 
ment pr6cocdment et leur importance dans la patholo- 
gie art6rielle ; 
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- l e s  rapports  principaux de la portion cervicale (C1), 
de la portion p6treuse (C2), no tamment  avec les dif- 
f6rentes parties de l'oreille et de la portion caverneuse 
(C3), avec l 'hypophyse. 

Key words: Internal carotid artery - Cervical region 
- Petrous bone - Cavernous sinus Pituitary 

Although it may appear  difficult to shed any original 
light on existing knowledge of the internal carotid 
artery (arteria carotis interna) such is the immense 
number of  studies already published, we would like 
to draw attention to certain points, in particular: 

The dimension of the vessels, these measurements 
having important  relevance to the insertion of a coaxi- 
al catheter used for the hyperselective injection of 
the internal carotid system and its branches (Clarisse 
et al. 1977) with a therapeutic rather than a diagnostic 
aim in mind. 

The variations in dimensions, explaining, together 
with atherosclerotic lesions, such as those of  senes- 
cence generally (Clarisse et al. 1979) the dangers and 
failures of  this technique. 

The relationships of  different portions of  the arter- 
ies likely to shed light on certain syndromes, or to 
guide surgery, not only of the cervical portion (Natali 
etal .  1973; Thevenet 1979), but also of  the petrous 
portion (Paullus et al. 1977) and the cavernous por- 
tion (Parkinson 1973). 

This study does not concern itself with the collat- 
erals or terminal arteries. 

Phylogeny and Ontogeny 

The importance of the contribution of the carotid 
artery to the arterial system of the brain is variable. 
De Vriese (1905) divided the mammals  into those 
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Fig. I a-I. 
The blood supply to the brain in a selection of mammals (modified 
after Ask-Upmark 1935) 

Les voies art~rielles d'apport encdphalique chez quelques mammi- 
f6res (d'apr6s Ask-Upmark 1935; modifi6) 
a Oryctolagus cuniculus; b Arctomys marmotta; e Cavia porcellus; 
d Rhinolophus hipposideros; e Canis familiaris; f Sus scrofa; g Bos 
taurus; h Ovis aries; i Capra hircus; j Panthera tigris; k-1 Fells 
catus 

ra rete mirabile, ci a. carotis interna, ce a. carotis externa, ph a. 

pharyngea ascendens, o a. occipitalis, m a. maxillaris, m m  a. men- 
ingea media, a ramus anastomoticum, A a. anastomotica, v a. ver- 
tebralis, tb a. basilaris 

whose carotid supply was predominant (group II), 
those whose vertebro-basilar supply was predominant  
(group III), and those in which the contribution of 
each was about  equal (group I). Legait and Racadot  
(1949) suggested that a third supply might also be 
important ;  that of the external carotid system. Fur- 
thermore, there is sometimes present in the cavernous 
recess, a complex arterial formation, that of the rete 
mirabile caroticum. Whether such a formation exists 
or not (Fig. 1), two carotid columns always emerge 
from the roof  of the cavenous sinuses. They immedi- 

ately divide to a rostral and caudal trunk f rom which 
the circle of  Willis takes its origin in a manner  which 
we have already described in some domestic mammals  
(1974, 1977). Certainly, as Lazorthes et al, (1976) have 
recently pointed out, ' the  blood supply to the cerebral 
circulation in man differs f rom that of the quadruped 
mammals ' .  However, comparative anatomy brings to 
light several situations which bear analogy to the hu- 
man carotid system, such as internal carotid hypopla- 
sia, atresias, even total absence of the carotids with 
the development of anastomoses with the external 
carotid system or even the rete mirabile (Arnould 
et al. 1967; Du Boulay et al. 1973). 

Such arrangements do not seem to occur during 
human embryogenesis (Lazorthes and Gouaze 1968). 
As the elegant studies of  Streeter (1918), Condon 
(1922) and Padget (1948) have shown, the carotid 
system is laid down very early in the embryo. From 
the 2 m m  stage onwards, the ventral plexiform capil- 
lary network is in continuity with the rostral extremi- 
ties of  the dorsal aortae. These presegmentary 
branches form, at a point below the first aortic arch, 
the primitive internal carotid arteries. The successive 
development of  the first aortic arches and their subse- 
quent involution leads to a lengthening of these 
branches which, at around the 30th day (4 to 5 mm), 
appear to arise from the third aortic arches. At this 
stage, the internal carotid arteries are jointed to the 
posterior longitudinal neural arteries by the primitive 
trigeminal acoustic and hypoglossal arteries whose 
regression begins with the next stage of development. 
The disappearance of the dorsal aortic segment lying 
between the third and the fourth aortic arches (ductus 
caroticus) gives the internal carotid artery its defini- 
tive appearance with its first segment formed by the 
third arch. The complete or partial involution (dorsal 
or ventral) of  the third aortic arch explains, according 
to Lie (1968), the variations in origin of  the internal 
carotid arteries and certain tortuousities or loops in 
its cervical portion. 

Origin 

The internal carotid artery is usually the posterolater- 
al branch of the bifurcation of the common carotid 
artery (arteria carotis communis). 

Although a classical finding (Malacarne 1784), 
variations in site of  origin of the artery are rare. 
Twenty-nine cases, of  which two are bilateral, are 
to be found in the literature, in which the origin 
of the aortic arch (arcus aortae) may be either to 
the left or right or that of the subclavian artery (arter- 
ia subclavia) is found on the right side only. The 
origins of  the arteries on the right and the left side 
in the same subjects are thus always different. They 
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Fig. 2a-b. 
Origin and course of the internal carotid arteries (cO : a in 
vivo arteriography, frontal view; b anatomical preparation, 
profile 

Origine et trajet des art~res carotides internes (ci): 
a art~riographie in vivo de face; b pr6paration anatomique de 
profil 

tbc truncus bicaroticus; cc a. carotis communis; sc sinus 
caroticus; ce a. carotis externa; ci a. carotis interna, C1 pars 
cervicalis, C2 pars petrosa, C3 pars cavernosa, C4 pars 
subarachnoideale; V 2 - V 3 - V 4  a. vertebralis; tb a. basilaris; 
C W circulus arteriosus cerebri; CA a. cerebri anterior; 
C M  a. cerebri media; V C  vertebrae cervicales, VC2 axis 

are frequently accompanied  by major  abnormal i t ies  
of the aortic arch. 

Again,  Smith and  Larsen (1979) recently con- 
f irmed the level of this bifurcat ion,  already pointed 
out by numerous  authors,  among  which the following 

studies in adults  are worth no t ing ;  Adachi  (1928), 
who found  68% in relat ion to the four th  cervical 
vertebra, Lazorthes (1961), who found  48.5% at the 
same level with 31% above and  20.5% below C4, 
and  K r a y e n b u h l  and  Yasargil  (1965) whose findings 
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in 658 angiograms are summarised in Fig. 2a). It 
should be noted that the bifurcation is frequently 
asymmetrical and that in the child it appears to be 
slightly higher than in the adult. A few cases of in- 
trathoracic bifurcations have been noted at the level 
of T I - T 2  and even T3 (Vitek and Reaves 1973). 

The relationships with the proximal segment of 
the external carotid artery (arteria carotis externa) 
are also variable: the initial part of the carotid artery 
may lie frankly posterior or postero-medially. 

The point of bifurcation is often marked by a 
dilatation, the carotid sinus (sinus caroticus), involv- 
ing either the whole of the termination of the common 
carotid artery and the origin of the external and inter- 
nal carotid arches (type I of Adachi 1928), situated 
on two of these vessels (type II, III and IV), or simply 
on one of them (types V, VI and VII). The existence 
of the sinus modifies the general anatomy of the bifur- 
cation which may make an acute angle, or take on 
the form of a trident, or may sometimes be intermedi- 
ate. These different arrangements are important be- 
cause they may facilitate catheterization or converse- 
ly, make it more difficult; furthermore, they deter- 
mine the channelling of blood through the bifurcation 
and explain the frequency of particular types of circu- 
latory impairment. 

The published literature underlines the presence 
of anomalies such as agenesis, aplasia, hypoplasia 
and very recently duplication (Killien et al. 1980). Ap- 
lasia and agenesis are frequently confused angio- 
graphically because both are characterized by absence 
of opacification. The term agenesis should not be 
applied (Lancien 1971) except in the absence of vascu- 
lar vestiges of the carotid canal and stapedian branch. 
In the case of total or partial aplasia, anatomical 
examination reveals a vestige in the form of a thin 
chord without lumen (Lie 1968), and the persistence 
of a carotid canal of subnormal or minimum caliber 
(Tondury 1934). These findings seem to confirm the 
secondary nature of aplasia and are very similar to 
the findings in mammals. Where hypoplasia is con- 
cerned however, there is undoubtedly a major reduc- 
tion in caliber, although the primary or acquired na- 
ture of the anomaly is often difficult to establish (Mi- 
chel 1972). In all reported cases, the origin of the 
artery and its initial segment are normal. The anomaly 
may be bilateral. The most likely mechanism in most 
cases of agenesis, aplasia and hypoplasia is embryo- 
logical. Such anomalies are, moreover, frequently ac- 
companied by other malformations. Thus Servo 
(1977) noted that in 25% of angiographically absent 
vessels contralateral or basilar aneurysm were present. 

Course and Divisions 

Before joining the circle of Willis, the internal carotid 
artery crosses successively the cervical region, the pe- 
trous bone (os temporale pars petrosa), the cavernous 
sinus and the chiasmatic cistern (cisterna chiasmatis) 
of the sub-arachnoidal cisterns (cisternae subarach- 
noideales) Further, the artery may be divided into 
four segments (Fig. 2) in the same way as may be 
done for the vertebral arteries (Argenson et al. 1979; 
Francke et al. 1980). The cavernous (C3) and sub- 
arachnoid (C4) portions together correspond to the 
carotid siphon described by Egas Moniz (1927). 

Biometrics 

Caliber 

The measurements carried out on 50 anatomical spec- 
imens at different levels (Fig. 4) show that there is 
no significant variation between the external diameter 
of the left and right arteries. The dimensions obtained 
are similar to those given by Abraham (1973) but 
smaller than those (7 to 8 mm) of Lazorthes et al. 
(1976). There is no clear diminution in caliber until 
after the origin of the ophthalmic artery (arteria 
ophthalmica). The study in relation to age confirms 
that arterial aging is accompanied by a tendency for 
the vessel to enlarge. 

Length 

We have also detailed the length of each portion of 
the artery (Fig. 4). The mean length of the whole 
artery is in the region of 150 mm. There is significant 
variation with age. 

Cervical Portion (C1) 

The cervical portion of the internal carotid artery 
crosses first the bicarotid region, then the posterior 
sub-carotid space in the retrostyloid region, before 
reaching the base of the cranium and the carotid 
canal (canalis caroticus). The principal relationships 
are illustrated in Fig. 5 and Fig. 9a and b. 

The course of the artery in this region is only 
exceptionally straight, and tortuousities of variable 
degree are frequently encountered. Thus Lazorthes 
(1961) described three types: type A (30.5%) straight 
or a little sinuous; type B (48.5%) S shaped to a 
greater or lesser degree (Fig. 6a) with a bend low 
down in the substyloid region, with an anterior con- 
cavity and a bend with posterior concavity, higher 
up in the retro-styloid, in relation to the lateral mass 
(massa lateralis) of the atlas; type C (21%) with irreg- 
ular curvature (Fig. 7). The age-related study of 2453 
carotid angiographies performed by Krayenbuhl and 
Yasargil (1965) shows progressive increase in the 
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Fig. 3 a-b. 
Division into segments of the cranial portion 
of the carotid artery : a according to Lazorthes 
(1961); b according to Fisher (1938) 

Segmentation de l'art~re carotide interne 
crfinienne: a selon Lazorthes (1961); b selon 
Fischer (1938) 

Left ci 

Length Diameter 

3.7+0.5 C4 
42.7k 4.3 4.6• 

5.5• C3 

5.8+0.7 
29.6k 2.6 C2 

5.7• 

5.6• 
80.2210 5.1• CI 

6.2• 

152.5• 

Fig. 4. 
External diameter and length of the different portions of the internal carotid arteries (in ram) 

Diamatre ext6rieur et longueur des diff6rentes portions des art6res carotides internes (en mm) 

C1 pars cervical• C2 pars petrosa, C3 pars cavernosa, C4 pars subarachnoideale 

Right ci 

Diameter Length 

C3 5.6• 

C2 5.9• 30.4• 2.3 
5.7• 

5.8• 
CI 5 • 82.2• 

6.7• 

154.9• 

C4 3.8• 
4.5• 42.4• 



Fig. 5 a-b 
Relations of the cervical portion of 
the internal carotid artery (right- 
sided preparation, profile) 

Rapports  de la portion cervicale 
(Pr6paration droite en rue lat6rale) 

Fig. 6a-c  
Relationship with the digastric muscle (d), the styloid process (st) and the transverse process of  the lateral mass of  the atlas (ml at): 
a left lateral view; b medial view of a right sagittal section; e microradiography of the preceding section, the internal jugular  vein 
(/i) and the posterior border of  the internal carotid artery being indicated by a dotted line 

Rapports  avec le muscle digastrique (d), l 'apophyse styloide (st) et l 'apophyse transverse de la masse lat6rale de l 'atlas (mlat) :  a vue 
lat6rale gauche; b vue m6diale d 'une coupe anatomique sagittale droite; c microradiographie de la coupe, la veine jugulaire interne 
(/t) et le bord post6rieur de l'artbre carotide interne 6tant marqu6s par une ligne pointill6e 

ci a. carotis interna; ce a. carotis externa, ls a. laryngea superior, f a .  facialis, o a. occipitalis, m a. maxillaris; V3 a. vertebralis; j i  v. jugularis 
interna; V3 n. mandibularis,  L n. lingualis, I X n .  glossopharyngeus, Xn .  vagus, X I I n .  hypoglossus;  smdglandula submandibularis;  st pro- 
cessus styloideus; ml at atlas, lnassa lateralis; mdmandibu la ,  crn os hyoideum, cornu majus;  sth m. stylohyoideus; stg m. styloglossus, 
d m .  digastricus; ta tuba auditiva 
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Fig. 7a-d 
Variations in the cervical portion of the internal carotid artery: a retropharyngeal 
sinuosity particularly marked on the right; b, e, d symmetrical looping of the 
prestyloid segment 

Variations de la portion cervicale de l'art6re carotide interne: a tortuosit6 
r6tropharyng6e surtout marqu6e/ t  droite; b, e, d boucles sym6triques du segment 
pr6stylien 

ci a. carotis interna; ce a. externa; sth m. stylohyoideus, stg m. styloglossus; 
X I I  n. hypoglossus ; ml al atlas, massa lateralis 

curvature of the artery and increase in its length. 
These changes result from an adaptation to move- 
ments of rotation of the head. Thus, as Lazorthes 
et al. (1971) have shown, the artery is held firmly 
in its initial portion by the sterno-cleido-mastoid mus- 
cle (m. sternocleidomastoideus) and above all by the 
anterior belly (ventor anterior) of the digastric muscle 
(m. digastricus), which may compress the artery dur- 
ing ipsilateral movements (Fig. 6 b and c). The artery 
is subsequently tethered laterally by the styloid dia- 
phragm (Figs. 5 and 6c) and the styloid process 
(Figs. 8 and 9b) and it may be trapped by the trans- 
verse process (ala atlantis) of the lateral mass of the 

atlas during the controlateral movements of rotation. 
This latter movement tends to compress the internal 
carotid artery and squeeze the internal jugular vein 
(v. jugularis interna). 

Weibel (1965) distinguished amongst the more ob- 
vious deformations three types which have since been 
confirmed by Thevenet (1979): type I ' tortuosity '  
type II ' coiling or buckling', either of congenital ori- 
gin or secondary to aging of the artery with athero- 
sclerosis often bilateral and symmetrical, sometimes 
incomplete and situated in the proximal sub-styloid 
segment of the artery (Fig. 7 b and d), frequently com- 
plete and situated high up; type III: ' kinking' (Fig. 8) 



Fig. 8a -d  
Kinking of the cervical portion of the right (a) and left (b) internal carotid arteries, relationships with the lateral mass  of the atlas 
and the styloid process after ablation of the stylo-digastric fascia 

Plicatures de la portion cervicale des a t t i res  carotides internes droite (a) et gauche (b), rapports avec ia masse lat6rale de I'atlas et 
l 'apophyse styloi'de apr6s ablation du rideau stylo-digastrique 

ci  a. carotis interna ; ce a. carotis externa ; j i  v. jugularis interna ; s t  processus styloideus ; m l  at  atlas, massa lateralis ; /~ d6pots ath6romateux 
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Fig. 9a-d 
Transverse sections of the atlanto-axial junction (b inferior view), of the craniovertebrai junction (a inferior view), through the vertical 
segment (V) of the carotid canal and through the canals of the hypoglossal nerves (e superior view), through the horizontal segment 
(H) of the carotid canal (d superior view) 

Coupes transversales de la jonction atlanto-axoidienne (b vue inf6rieure), de ta jonction craniovert6brale (a vue inf6rieure), par le segment 
vertical (V) du canal carotidien et par les canaux des nerfs hypoglosses (e vue sup6rieure), par le segment horizontal (H) du canal 
carotidien (d vue sup~rieure) 

c 1  a. carotis interna, pars cervicalis; jiv. jugularis interna, ss sinus sigmoideus, bji bulbus venae jugularis superior, spi sinus petrosus 
inferior; st  processus styloideus;; c occ condylus occipitalis; s sp sinus sphenoidalis; c t cavum tympani, 7 ostium tympanicum tubae 
auditivae; mo medulla oblongata; X I I n .  hypoglossus; It m. longus capitis, sth m. styhyoideus, stg m. styloglossus, stph m. stylopharyngeus 

Intermediate  and mixed forms are likewise encoun- 
tered. The anatomical  and microradiographical  stu- 
dies o f  Macke-Ribet  (1978) confirm the lengthening 
and the progressive dilatation of  the artery through-  
out life, often accompanied  by a thinning of  its walls. 
We have also recently studied the contr ibut ion o f  
aging and of  a therom to arterial anomalies,  and their 
accentuat ion with age (Clarisse et al. 1979). 

The surgical approach  to the carot id bifurcation 
and cervical (C1) por t ion is under taken by a "pre -  
s ternocleidomastoid route in which the skin incision 
curves up and behind the base of  the mastoid  process 
(processus mastoideus) and, according to Thevenet  
(1979), is to be preferred to the re t ro-s ternomastoid 
route 'which  does not  provide access to the base o f  
the c ran ium' .  The retro-styloid space is reached by 
a temporary  section of  the digastric muscle and of  

the base of  the styloid process which together with 
the styloid s tumps is inclined backwards.  

The Petrous Portion (C2) 

The petrous por t ion of  the internal carot id artery 
has a mean length of  approximately  30 m m  and exter- 
nal diameter  o f  a round  5.8 m m  (Fig. 4). It joins the 
carot id canal. It has two portions,  the first vertical 
and ascending (V) the second horizontal  (H), oblique 
forwards and medially, and separated by a right an- 
gled bend. In the petrous bone, the arterial wall is 
poor  in elastic fibers and the tunica muscularis is 
classically very thin. The artery is sur rounded by a 
periostial sheath which is adherent  to the periphery 
o f  the opening of  the carot id canal and in continui ty 
at the apex of  the petrous bone with the periosteal 
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Fig. 10a-b 
Course of the internal carotid artery at the 
base of the cranium : a relationship with the 
different parts of the ear radiographically 
in the frontal plane; b anterior view of a 
preparation of the cranio-vertebral junction 

La travers6e de la base du cr~ne: 
a rapports avec les diff6rentes parties de 
l'oreille sur la radiographie d'une coupe 
frontale; b vue ant&ieure d'une pr+paration 
de la jonction cranio-vert+brale 

C1 pars cervicalis, C2 V e t  C2H pars 
petrosa, C3 pars cavernosa; 
V3 a, vertebralis; Mae  meatus acusticus 
externus, ct cavum tympani, csc ductus 
semieirculares, co cochlea, Mai  meatus 
acusticus internus; ml at atlas, massa 
lateralis, occ os occipitale, s s/) sinus 
sphenoidalis; It m. longus capitis 

tissue covering the f loor o f  the cavernous sinus and 
with the fibrous collar o f  the Princeteau. This sheath, 
which carpets the walls of  the canal, adheres to the 
vertical segment of  the artery (C2V). The artery is 
likewise protected f rom the walls o f  the canal by a 
venous plexus; the plexus o f  Mellinger, in continuity 
endocranial ly with the cavernous sinus and exocran- 
ially with the inferior petrosal  sinus (sinus petrous 
inferior) and the jugular  bulb (bulbus venae jugularis 
superior). It does not,  however,  inpede the surgical 
approach.  On  the surface o f  the artery runs the caro- 
tid branch,  which divides in the region of  the acute 
angle into two trunks. 

In this port ion,  the artery lies in close relation 

with the cavities o f  the middle ear, the facial nerve 
(n. facialis) and the trigeminal nerve (n. trigeminus). 
The recent publicat ion by Paulus et al. (1977) pro- 
vides a remarkably  detailed description o f  these struc- 
tures. The vertical segment is related anteriorly to 
the Eustachian tube (tuba auditiva) (Fig. 6 b) and lat- 
erally to the hypo tympan ic  recess (Fig. 10). The inter- 
nal carot id artery is separated f rom the tympanic  cavi- 
ty (cavum tympani)  by a bony plate o f  variable thick~ 
ness. This plate may  however  be incomplete or even 
absent, the artery thus projecting into the tympanic  
cavity and simulating a tumor  of  the middle ear. The 
artery in such cases is thus very vulnerable during 
surgical t repanat ion o f  the middle ear, or may be 
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Fig. 11 a - c  
Variations in the form of the carotid sinus: 'fetal' type (a frontal 
view, a' profile), 'simple' type (b frontal view, b' profile), double 
siphon (c profile) 

Variations du siphon carotidien: type 'foetal' (a face, a' profil), 
type 'simple' (b face, b' profiI), double siphon (c profil) 

damaged by extension of an otitis media. Lapayowker  
(1971) emphasized the need to localize the course 
of  the artery very carefully. On X-rays taken in the 
frontal plane, the vertical segment of  the artery always 
lies medial to a perpendicular drawn laterally to the 
vestibule. On the other hand, when it projects into 
the middle ear (auris media), the line of  the artery 
crosses this perpendicular as confirmed by Glasgold 
(1972). The Eustachian tube and the canal of  the 
tensor tympani  muscle are situated anteriorly, parallel 
to the horizontal segment (Fig. 9c). The Eustachian 

tube is separated from the carotid canal by a fine 
bony lamella (0.1 to 0.3 m m  in 56% of the dissections 
reported by Paullus et al. 1977), replaced by a simple 
connective tissue wall in 6%, so that catheterization 
of the artery at this point must be undertaken with 
utmost  care. The cochlea is situated postero-superior- 
ly (Figs. 6c and 10a) to the bend in the artery, at 
a mean distance of 2.1 mm, while the geniculate gan- 
glion is more frequently situated postero-laterally, at 
a distance of between 3 and 13 mm. As far as the 
middle cranial fossa (fossa cranii media) is concerned, 
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Paullus et al. (1977) point out that the artery may 
be exposed over some 10 m m  in its horizontal segment 
by simple trepanation, the bony lid often being papery 
thin, or even absent with the artery in this case lying 
immediately sub-durally. The great superficial petrous 
nerve (n. petrosus major) is an important  landmark 
during such an operation. It  runs parallel to the ante- 
rior margin of the horizontal segment and above it. 
In its terminal segment, the internal carotid artery 
lies in relation to Meckel 's  diverticulum (cavum trige- 
minale), which it crosses (Fig. 12a) and lies medially 
(Fig. 12a) before joining the cavernous sinus at the 
apex of the petrous bone, in relation to the foramen 
lacerum. 

Following its discovery by Paullus et al. (1977), 
Fish (1980) has reaffirmed the importance of the pe- 
trous portion of the artery when an arterial bridge 
is being constructed or when the middle cerebral fossa 
or even the clivus is to be approached surgically. 
The latter operation necessitates resection of the man- 
dibular condyle (processus condylaris) or its displace- 
ment to one side, and trepanation of the middle ear 
and redirection of the facial nerve. It is also relevant 
to cases of  aneurysm of the vertical segment or more 
rarely of the horizontal segment (Anderson 1972). 

Intracranial Portion of the Internal Carotid Artery 

Moniz (1927) applied the term carotid syphon to the 
part of the internal carotid artery lying within the 
cavernous sinus (C3) and its subarachnoid termina- 
tion (C4). It normally has two elbow bends (Figs. 11 
and 15a) which occur not only in the sagittal plane 
but transversally as well (Figs. 12f and 14a): a bend 
situated posteriorly concave antero-inferiorly is relat- 
ed medially to the quadrilateral lamina (dorsum sel- 
lae) and to the floor of  the sella turcica; the second 
bend is anterior, has a postero-superlor concavity and 
laterally lies in contact with the anterior clinoid pro- 
cess (processus clinoideus anterior). The varying 
acuteness of these bends give rise to many different 
types of  siphons, their form having been studied 
in greatest detail by Lazorthes et al. (1961) in 224 
arteriographies, by Dilenge (1961), Jovanocic (1971) 

in 270 preparations from adults, infants, and fetuses 
and by Harwood (1976) in the child. We would like 
to emphasize the fundamental  types (Fig. 11): the 'fe- 
ta l '  type is rare in the adult but was present in 80% 
of the fetuses described by Jovanovic (1971) ; the ' sim- 
ple '  type is the classic form found in the adult (70%) ; 
t he '  double s iphon'  which is only except ionally found 
in the fetus (4%) (Jovanovic 1971). These variations 
only serve to confirm the observations of Krayenbuhl 
and Yasargil (1965), who remarked upon the increas- 
ing complexity which occurs with age, and the de- 
scription of the siphon by Hasso (1975) who stressed 
the notion of evolving complexity. 

The Cavernous Portion (C3) 

We only have space to look at the overall descriptions 
in the literature concerning this portion of the artery 
which is associated both with the cavernous sinus 
and the sella turcica. Among the principal published 
studies are those of  Taptas (1949), Bonnet (1955), 
Bedford (1966) and Patouillard (1969). In addition, 
the work of Rabischong and Vignaud (1974) and of 
Harris and Rhoton (1976) bring into perspective the 
particular problems associated with this region. 

T h e  V e n o u s  R e l a t i o n s h i p s  

The cavernous sinusses are in continuity posteriorly 
with the carotid canals, lead forward into the orbital 
cavities (orbitae) and circumscribe the sella turcica. 
The internal carotid arteries occupy the major part  
of  these dural recesses (Figs. 12c, d, f and 15a). The 
cavernous sinus is a ' venous plexus lined with epitheli- 
um which penetrates the interstices of the sinus and 
its various arterial and nervous structures'  (Rab- 
ischong et al. 1974b). There are within it three venous 
spaces (Harris and Rhoton 1976): an antero-inferior 
space in the concavity of  the first bend in the carotid 
artery, which is crossed by the 6th cranial nerve (n. 
abducens) and which leads to the anterior venous 
confluents and sphenoidal fissure (fissura orbitalis su- 
perior); a postero-superior (Fig. 15a) and medial 

Fig. 12a-f 
The carotid siphon: a transverse cut as the artery enters the cavernous sinus; b relationship to nerves; c, d sections in the frontal 
plane; e, f sections in the sagittai plane 

Le siphon carotidien: a coupe transversale /t l'entr6e dans la loge caverneuse; b rapports nerveux; e, d coupes frontales; e, fcoupes 
sagittales 

ci a. carotis interna, CA a. cerebri anterior, CM a. cerebri media, CP a. cerebri posterior; Hn. opticus, cop  chiasma opticum, I I In .  oculo- 
motorius, IV  n. trochlearis, VI n. abducens ; V n. trigeminus, gt ganglion trigeminale, V1 n. ophthalmicus, V2 n. maxillaris, V3 n. mandibu- 
laris; ca commissura anterior, Hy hypophysis; ssp sinus sphenoidalis 
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Fig. 13a-d 
Sections of the cavernous sinus: a, b frontal rostral cuts through the anterior bend of the internal carotid artery, e frontal caudal 
cut showing the subarachnoid (supracavernous) portion, d transverse cut 

Coupes de la loge caverneuse: a, b coupes frontales rostrales par /e coude ant6rieur de l'artbre carotide interne; e coupe frontale caudale 
et raise en 6vidence de la portion supracaverneuse subarachnoidienne; d coupe transversale 

dm dura mater; c/a processus clinoideus anterior; ssp sinus sphenoidalis; Hy hypophysis, H n. opticus, top tractus opticus, oculomotorius, 
trigeminus, /~ ~ a. ophthalmica 

space (Fig. 12c, d) of  var iable  size de te rmined  by  the 
re la t ionsh ips  o f  the  in ternal  ca ro t id  a r te ry  wi th  the 
p i tu i t a ry  g land and  spheno ida l  sinus. In  h e m o d y n a m -  
ic terms,  the existence of  two venous  channels  is im- 
p o r t a n t ;  an an te r io r  which dra ins  the oph tha lmic  and  
cor t ica l  areas,  and  a pos t e r io r  which dra ins  into the 
super ior  and  infer ior  pe t rosa l  sinuses. The ron  (1974) 
believes tha t  there  are  two para l le l  f lows between 
these channels ,  f rom the in ternal  ca ro t id  a r te ry  on 
bo th  sides: oph tha lmic  f low and  the external  cor t ica l  
flow. The  two cavernous  sinuses are j o i n e d  by the 
in te rcavernous  sinus (sinus in tercavernosi )  and  the 
anter ior ,  infer ior  and  pos te r io r  t ransverse  sinuses 
(Delver t  et al. 1979). 

Classical ly,  the a r r angemen t  of  the  sinuses as a 
g roup  forms  a k ind  of  shock abso rb ing  system a r o u n d  
the in ternal  ca ro t id  ar tery,  which no t  only  absorbs  
the ar te r ia l  pu l sa t ion  but  also favors  venous  re turn  
by the pulsa t ing  ac t ion  o f  the a r te ry  on the veins 
(Bellocq 1925), R a b i s c h o n g  et al. (1974a) have con- 
f i rmed this a r r angemen t  exper imenta l ly ,  and  shown 
tha t  the venous  d ra inage  is preferent ia l ly  oph tha lmic .  

Relationships to the Nerve 

A p a r t  f rom the externa l  ocular  m o t o r  nerve, which 
is in con tac t  wi th  the ar tery,  and  has  the appea rance  
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Fig. 14a and b 
Relationship of the carotid siphon: a medial view of a paramedian sagittal cut; b emergence of the cavernous sinus, section taken 
in frontal plane 

Rapports du siphon carotidien: a vue m6diale d'une coupe sagittale param6diane; b 6mergence du sinus caverneux en coupe frontale 

ci a. carotis interna, oph a. ophthalmica, (JA a. cerebri anterior, tb a. basilaris ; H n. opticus, VI n. abducens, Hy hypophysis, i infundibulum, 
cm corpus mamillare, nr nucleus ruber; cla processus clinoideus anterior 

31 segment paraganglionnaire ou pr6sellaire, 32 et 33 segments juxtasellaires, 41 segment supracaverneux, 42 segment terminal, 
CA a. cerebri anterior, CM a. cerebri media, oph a. ophthalmica; H n. opticus, top tractus opticus, l l I  n. oculomotorius, VI n. abducens; 
dm dura mater; cl a processus clinoideus anterior; ssp sinus sphenoidalus ; rph recessus pharyngeus ; ta ostium pharyngeum tubae 
auditivae 
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Fig. 16a and b 
Circle of  Willis 

Circulus arteriosus cerebri 

C4 pars subarachnoideale, CA a. cerebri anterior, C M  a. cerebri 
media, CP a. cerebri posterior, tb a. basilaris; H n .  opticus, I I I  n. 

oculomotorius, i infundibulum; ds diaphragma sellae 

of a ribbon like structure, the other nerves run in 
the outer wall and roof  of the cavernous sinus. Thus 
as Taptas (1949) describes, the meningeal coverings 
are drawn into position with the developing nerves 
and become applied to the deep surface Of the dural 
wall. However, according to Olivier and Papamil- 
tiades (1951), a venous plexus is to be found between 
the two structures in 25% of cases. The arrangement 
of the nerves leaves a triangular space (Fig. 12 b) lim- 
ited superiorly by the 4th cranial nerve (n. 
trochlearis), inferiorly by the trigeminal ganglion and 
ophthalmic nerve, and posteriorly by the dorsum sel- 
lae. This triangle is anatomically constant, but of vari- 
able size, and provides an approach for exploration 
of the cavernous portion of the internal carotid artery, 
particularly in the case of certain carotico-cavernous 
fistulae (Parkinson 1965). 

Relationship to the Pituitary Gland 

The relationship between internal carotid and pitui- 
tary varies according to the sinuosity of the former. 
According to Harris and Rhoton (1976) the mean 
distance between the two structures in 50 dissections 
was 2.3 mm (maximum 7 ram) but in 14 cases they 
virtually touched, consistent with our own findings 
(Figs. 12d and 13d). The pituitary gland thus occu- 
pies the remaining space and moulds itself to the 
medial surface of the artery. This fact explains the 
difficulties sometimes encountered during transphen- 
oidal hypophysectomy. 

Thus, as Dilenge and Heon (1974) have pointed 
out, the relationships of its cavernous portion allow 
the artery to be divided into a presellar or paragang- 
liar segment, a juxtasellar segment, and a terminal 
juxtaclinoid segment where the artery is situated be- 
neath and medial to the anterior clinoid process (pro- 
cessus clinoideus anterior). 

Subarachnoid Portion (C4) 

The internal carotid artery perforates the roof of the 
cavernous sinus immediately medial to the anterior 
clinoid process and emerges into the cisterns of the 
base of the brain. The artery slips beneath and then 
lateral to the optic nerve (n. opticus), curves back- 
wards (so-called supracavernous segment), before as- 
suming its original direction after the origin of the 
posterior communicating artery (a. communicans 
posterior). It then divides into anterior cerebral (a 
cerebri anterior) and middle cerebral (a cerebri media) 
arteries. The terminal segment belongs to the circle 
of Willis (Fig. 16). The exact arrangement of the ter- 
minal branches has been detailed recently by La- 
zorthes et al. (1979). 

Conclusion 

As a result of the age of the subjects being examined 
we found considerable pathology due to atheroma 
(Fig. 17). On the other hand, the multiple sinuosities 
observed in the course of the internal carotid artery 
appeared to develop much earlier in life, the subse- 
quent relative lengthening of the vessel due to aging 
only serving to accentuate it. These sinuosities, how- 
ever, determine passing of blood flow in the artery 
and encourage parietal damage, an important factor 

Fig. 17a-f  
Various pathological appearances of the carotid bifurcation (a-d) 
and pars petrosa (e-f) 

Divers aspects pathologiques de la bifurcation carotidienne (a-d) 
et de la pars petrosa (e-f) 
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in the  c o m p l e x  p a t h o g e n e s i s  o f  a t h e r o s c l e r o s i s .  F ina l -  

ly, it is i m p o r t a n t  to  e m p h a s i z e  t he  f rag i l i ty  o f  the  

c a r o t i d  s y p h o n  in t he  over  60 y e a r  old.  T h e  a n a t o m i -  

cal  c h a n g e s  t a k i n g  p lace  w i t h  age  w h i c h  we o b s e r v e d  

i nc r ea se  t he  d i f f icu l t ies  a n d  r i sks  o f  se lec t ive  ca the t e r i -  

z a t i o n  a n d  the  s u b s e q u e n t  su rg ica l  i n t e r v e n t i o n  in 

th is  area .  
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