
The internal carotid artery (ICA) is one of the most studied 
arteries in humans, as it interests a diverse group of physi-
cians: ear, nose, and throat specialists; neuroradiologists; 
neurologists; anatomists; and neurosurgeons. During the past 
century, many classifications of the ICA segmental division 
have been proposed, with the purpose to be helpful during 
clinical practice. Because each specialist who treats patholo-
gies of or around the ICA needs different details, a universally 
shared classification is difficult to propose. Historically, the 
classifications that spread the most had some important char-
acteristics: simplicity, easy to use, easy to remember, and 
reproducibility. In this overview, we present the most used 
classifications of the ICA with their respective clinical impli-
cations, pros and cons, to help the reader to orientate and to 
choose the most helpful classification in his clinical practice.

History
The term “carotid” was already used by Greek physi-

cians like Aristotle and Galen who, even with an incomplete 

idea of the human vascular circulation, understood the vital 
role of this vessel. After them, many physicians, anatomists, 
and humanists described their theories or hypotheses about 
the role of the carotid artery. These included Da Vinci 
(1504), Vesalius (1543), Harvey (1628), Willis (1664), and 
more recently Quain (1844), all of whom contributed to the 
knowledge of human vascular anatomy in their time.

In 1938, Fischer, a German anatomist, was the first to 
propose a classification of the segments of the ICA. How-
ever, only at the end of the 20th century, several authors 
became more interested in the ICA. Depending on the inter-
est of each author, each classification was based on various 
elements. Lasjaunias (1984) described various segments 
based on their embryologic development to explain seg-
mental agenesis of the ICA. In the same period, on the one 
hand Gibo and Rhoton and on the other Bouthillier pro-
posed their classification principally basing on the surgical 
anatomy of the artery. On the other hand, surgeons expe-
rienced in endonasal surgery proposed some classifications 
focused on the cavernous and petrous segments of the 
carotid artery.

Fischer’s Classification
In 1938, Erich Fischer proposed the first segmental clas-

sification concerning the ICA and also its 2 major branches: 
the anterior and middle cerebral arteries. In its classification, 
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the ICA segments are numbered following the opposite 
direction of the blood flow. Fischer did not consider the 
anatomic relationship of the artery but segmented the ICA 
depending on the different arterial displacement in extrin-
sic tumoral compression. This classification was based on 
angiographic studies. From its termination to its cavernous 
region, the ICA was segmented into 5 different segments 
(Figure 1):

1. The first segment (C1) is the portion of the ICA from its 
termination to the origin of the posterior communicat-
ing artery.

2. The second segment (C2) is the part of the ICA between 
the origin of the posterior communicating artery and 
the origin of the ophthalmic artery (OA).

3. The third segment (C3) is the anterior genu of the ICA 
that corresponds to the clinoidal portion of the artery.

4. The fourth segment (C4) is the cavernous portion of the 
artery that ends at the posterior genu of the ICA.

5. The fifth segment (C5) is the part of the ICA lateroinfe-
rior to the cavernous sinus in the lacerum foramen. This 
segment does not include the petrous segment.

This classification has the merit to be the first one and 
to have helped physicians understand tumor location 
before the CT era. The disadvantages of this classification 
were the numbering opposite to the arterial flow, the exclu-
sion of the petrous and cervical portions of the artery, and 
the absence of correspondence to anatomic landmarks. In 
1994, Fukushima, in a personal communication, proposed 
a change of this classical classification, adding a sixth seg-
ment (C6F) that corresponds to the petrous portion of the 
artery.

Gibo and Rhoton’s Classification
This classification, proposed in 1981, is actually the most 

used. It was proposed after the cadaveric dissection of 25 
brains. This is the first anterograde segmentation of the 

ICA. Each segment of the artery has a different anatomic 
compartment that makes this classification easy to use and 
reproducible. The various segments are illustrated in 
Figure 2 and described as follows:

1. C1 is the cervical portion of the ICA from its origin to 
its entry into the external orifice of the carotid canal.

2. C2 is the petrous portion of the artery from the external 
orifice of the carotid canal to the entry of the ICA into 
the cavernous sinus.

3. C3 corresponds to the cavernous portion of the artery 
from its entrance in the posterior part of the cavernous 
sinus to its exit near the anterior clinoidal process. The 
origin of the OA is assimilated to the junction between 
C3 and C4 (cavernous and supraclinoid) segments.

Figure 1. Fischer’s classification.
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4. C4 is the supraclinoid portion of the ICA that was 
divided by Gibo et al. in 3 distinct parts: the ophthalmic 
segment (C4-a) from the origin of the OA to the origin 
of the posterior communicating artery, the communicat-
ing part (C4-b) from the origin of the posterior com-
municating artery to the origin of the anterior choroidal 
artery, and the choroidal part (C4-c) from the origin of 
the anterior choroidal artery to the ICA bifurcation.

This classification highlights the precise anatomy of per-
forating arteries from the ICA on its supraclinoid portion 
and was oriented in the surgical clipping of ICA aneurysms 
with precise description of anatomic relationship between 
aneurysmal sac and perforating arteries.

Embryologic Classification (Lasjaunias)
This classification was first proposed by Lasjaunias and 

Santoyo-Vasquez in 1984 and is based only on embryologic 
knowledge of the carotid artery system. The aim of this 
classification is to explain and understand the various types 
of segmental agenesis and other anatomic variations 
encountered in the clinical practice. ICA development 
depends on the third aortic arch and on the dorsal aorta 
cranial to the third aortic arch. During the embryologic life, 
the ICA gives origin to different branches that delimitate 
various segments of this classification. The embryologic 
segments of the ICA and their corresponding segments in 
the adult are summarized in Table 1.

 It is important to remember that, from an embryologic 
standpoint, the ICA bifurcates in 2 cranial and caudal divi-
sions that correspond to the future anterior cerebral artery 
and to the future posterior communicating artery.

According to Lasjaunias and Santoyo-Vasquez (1984), 
the various segments of the ICA (Figure 3) can be identified 
as follows:

1. The first segment corresponds to the third aortic arch 
from the origin of the ventral pharyngeal artery (future 
external carotid artery) to the junction between the third 

aortic arch and the dorsal aorta. In the adult, it corre-
sponds to the cervical ICA.

2. The second segment is the dorsal aorta between the sec-
ond and third aortic arches. Its distal part is the hyoid 
artery in the embryo and the caroticotympanic artery 
in the adult (ascending intrapetrous segment).

3. The third segment is the dorsal aorta between the sec-
ond and first aortic arches. It corresponds in the embryo 
to the segment between the hyoid and the mandibular 
artery, and, in the adult, between the caroticotympanic 
artery and the vidian artery (horizontal intrapetrous 
segment).

4. The fourth segment is the dorsal aorta between the first 
aortic arch (future mandibular artery) and the origin of 
the trigeminal artery (and the primitive maxillary artery). 
In the adult, it corresponds to the segment between the 
vidian artery and the origin of the meningohypophyseal 
trunk (ascending foramen lacerum segment).

5. The fifth segment is the dorsal aorta between the origin 
of the trigeminal artery (and the primitive maxillary 
artery) and the origin of the primitive dorsal ophthalmic 
artery (PDOA, future inferolateral trunk—ILT). It corre-
sponds in the adult to the horizontal cavernous segment 
between the meningohypophyseal and inferolateral 
trunks.

6. The sixth segment is between the origin of the PDOA 
and the anastomotic point of the primitive ventral oph-
thalmic artery (PVOA) on the ICA. This segment in the 
adult is the clinoid segment between the origin of the 
ILT and the OA.

7. The seventh segment is between the anastomotic point 
of the PVOA and the primitive carotid bifurcation. In the 

Figure 2. Rhoton’s classification.

Figure 3. Lasjaunias’ classification.
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adult, this is the supraclinoid ICA from the origin of the 
OA to the origin of the posterior communicating artery.

It is important to note that the carotid bulb has not the 
same embryologic origin than the other segments of the 
ICA. It originates from the pharyngo-occipital system that 
easily explains variations in origin of the ascending pha-
ryngeal and occipital arteries.

This classification allows to understand and explain 
quite all forms of agenesis and variations of the ICA and is 
based on 2 fundamental principles. First, each segment is 
considered to have a distinct embryologic development; 

second, the agenesis of one segment of the ICA leads to the 
regression of all segments proximal to the anomaly.

However, in 2004, Gailloud presented a case of ICA agen-
esis distal to the posterior communicating artery origin. 
Consequently, he discussed the presence of an eighth 
embryologic ICA segment. This hypothesis was clearly 
refused by P. Lasjaunias, who considered the adult ICA 
distal to the posterior communicating artery origin not as 
an ICA segment.

Bouthillier’s Classification
In 1996, Bouthillier et al. proposed another segmental 

classification (Figure 4) based on a cadaveric study of 10 
specimens. They divided the petrous segment in petrous 
and lacerum segments because they observed that, in this 
lacerum segment, the carotid artery is not completely 
englobed into the petrous bone but into a dural ligament. 
They argued this added segment for its clinical implication 
for surgical approaches of Meckel’s cave. They also added 
the clinoidal segment that is the little part of the ICA 
between the proximal and distal dural rings.

Consequently, in Bouthillier’s classification, the ICA is 
segmented in 7 portions:

1. The cervical segment (C1) from the carotid bifurcation 
to the external extremity of the carotid canal.

2. The petrous segment (C2) from the external orifice of 
the carotid canal to the posterior edge of the foramen 
lacerum.

3. The lacerum segment (C3) extends from the end of the 
carotid canal (posterior edge of the foramen lacerum) 
to the entry point of the carotid artery into the cavern-
ous sinus. In this portion, the petrolingual ligament only 
covers the carotid artery.

Figure 4. Bouthillier’s classification.

Table 1. Embryologic Segments of the ICA With Their Corresponding Segments in the Adult

Embryologic 
Segment Embryologic Origin Adult Segment Proximal Limit Distal limit

First Third aortic arch Cervical ICA Carotid bulb Junction cervical-petrous 
ICA

Second Dorsal aorta

Between the second and third aortic arches

Ascending petrous 
segment

Junction cervical-petrous 
ICA

Caroticotympanic artery

Third Dorsal aorta

Between the first and second aortic arches

Horizontal petrous 
segment

Caroticotympanic artery Vidian artery

Fourth Dorsal aorta

Between the first aortic arch and the primitive 
maxillary artery

Ascending lacerum 
segment

Vidian artery Meningohypophyseal 
trunk

Fifth Dorsal aorta

Between the primitive maxillary artery and the 
PDOA

Horizontal cavernous 
segment

Meningohypophyseal 
trunk

Inferolateral trunk

Sixth Dorsal aorta

Between the PDOA and the PVOA

Clinoidal segment Inferolateral trunk Ophthalmic artery

Seventh Dorsal aorta

Distal to the PVOA

Ophthalmic segment Ophthalmic artery Posterior communicating 
artery

ICA, internal carotid artery; PDOA, primitive dorsal ophthalmic artery; PVOA, primitive ventral ophthalmic artery.
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4. The cavernous portion (C4) begins at the entry point of 
the carotid artery into the cavernous sinus and ends at 
the exit point of the artery at the level of the inferior 
dural ring of the anterior clinoid process.

5. The clinoid segment (C5) extends from the inferior to 
the superior dural rings. In this segment, the carotid 
artery is in a fibro-osseous canal before entering into the 
subarachnoidal compartment.

6. The ophthalmic segment (C6) begins at the distal dural 
ring and ends just proximal to the origin of the posterior 
communicating artery.

7. The communicating segment (C7) is the distal portion 
of the ICA from the origin of the posterior communicat-
ing artery to its bifurcation.

Other Classification Systems
Recently, numerous authors have proposed various clas-

sification depending on their specialty and their interest 
in their respective clinical practices. The most interesting 
classifications are summarized in Table 2. Ziyal et al. (2005) 
proposed an anatomic classification based on cadaveric 
dissections of 15 human heads. In this classification, 
authors highlighted the importance of the clinoidal seg-
ment, as described by Bouthillier et al. 10 years before. This 
classification is helpful for skull base surgeons in case of 
surgical procedures of the cavernous sinus or in case of 
anterior clinoidectomy. Shapiro et al. (2014) proposed 
another classification of the ICA in 7 segments without 
differentiation between clinoidal and ophthalmic segments 
but adding a terminal segment distal to the choroidal seg-
ment. This classification was made regarding various pos-
sible locations of ICA aneurysms and depending on choice 
of endovascular technique. Other than a segmental clas-
sification, Abdulrauf et al. published a study focused on 
various angles and curvature of the ICA. This description 
is helpful for endoscopic surgeons to avoid vascular dam-
age during these approaches. Similarly, Wang et al. gave a 
precise description of the shape and curvature of the ICA 
in its cavernous segment to help identify it during trans-
sphenoidal surgery.

Conclusion
Each of these classifications brings important informa-

tion about the anatomy of the ICA and finds their utility in 
clinical practice. Depending on the specialty of each physi-
cian, one of these classifications may be more useful than 
another. For example, anatomists and neurosurgeons often 
use the classification of Gibo et al. or the classification of 
Bouthillier et al., which are the 2 most “anatomic” classifi-
cations. Knowledge of the history and the major classifica-
tions is important so that physicians have the same 
language to define the ICA.
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Table 2. Summary of the Various Classifications About the Internal Carotid Artery

ICA Classification Fischer Lasjaunias Gibo-Rhoton Bouthilier Ziyal Shapiro Abdulrauf

Cervical x 1 C1 C1 C1 Cervical x

Petrous C6 (added by 
Fukushima)

2 and 3 C2 C2-C3 C2 Petrous Cochlear petrous 
clival

Cavernous C4-C5 4 and 5 C3 C4 C3 Cavernous Sellar

Clinoidal C3 6 C3 C5 C4 Periophthalmic Sphenoid

Ophthalmic C2 7 C4-opht C6 C5 Periophthalmic Cisternal

Communicating C1 x C4-com C7 C5 Communicating Cisternal

Choroidal C1 x C4-chor C7 C5 Choroidal and terminus Cisternal

ICA, internal carotid artery.
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1. According to Fischer’s classification, the ICA segments are 
numbered following the blood flow direction.

True or False?

2. Fischer’s classification is based on different arterial displace-
ment in extrinsic tumoral compression.

True or False?

3. Rhoton’s classification divides the ICA by referring to precise 
anatomic landmarks.

True or False?

4. In Rhoton’s classification, the supraclinoid portion is divided 
into 3 parts to provide a more specific division of the perforat-
ing arteries that can be encountered during anterior circula-
tion aneurysm clipping.

True or False?

5. The classification of Lasjaunias is based on ICA surgical 
anatomy.

True or False?

6. According to Lasjaunias’ concept, each ICA segment has a 
distinct embryologic development, and the agenesis of one 
of them leads to the regression of all of the segments proximal 
to the anomaly.

True or False?

7. Figure 5 shows a left ICA angiogram, in which the ICA is 
divided according to Bouthillier’s classification.

True or False?

8. The blue star in Figure 5 indicates the petrous segment of 
the ICA, according to Bouthillier’s classification.

True or False?

Figure 5.

9. The yellow triangle in Figure 5 represents the petrous 
segment of Bouthillier’s classification.

True or False?

10. The green circle in Figure 5 indicates the communicant seg-
ment of Bouthillier’s classification and is located at the origin 
of the anterior choroidal artery.

True or False?
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