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ABSTRACT
Introduction: Numerical classification systems for the internal carotid artery (ICA) are available, but modifications have added 
confusion to the numerical systems. Furthermore, previous classifications may not be applicable uniformly to microsurgical 
and endoscopic procedures. The purpose of this study was to develop a clinically useful classification system.

Materials and Methods: We performed cadaver dissections of the ICA in 5 heads (10 sides) and evaluated 648 internal 
carotid arteries with computed tomography angiography. We identified specific anatomic landmarks to define the beginning 
and end of each ICA segment.

Results: The ICA was classified into eight segments based on the cadaver and imaging findings: (1) Cervical segment; 
(2) cochlear segment (ascending segment of the ICA in the temporal bone) (relation of the start of this segment to the base 
of the styloid process: Above, 425 sides [80%]; below, 2 sides [0.4%]; at same level, 107 sides [20%]; P < 0.0001) (relation 
of cochlea to ICA: Posterior, 501 sides [85%]; posteromedial, 84 sides [14%]; P < 0.0001); (3) petrous segment (horizontal 
segment of ICA in the temporal bone) starting at the crossing of the eustachian tube superolateral to the ICA turn in all 
10 samples; (4) Gasserian‑Clival segment (ascending segment of ICA in the cavernous sinus) starting at the petrolingual 
ligament  (PLL)  (relation to vidian canal on imaging: At same level, 360 sides  [63%]; below, 154 sides  [27%]; above, 
53 sides [9%]; P < 0.0001); in this segment, the ICA projected medially toward the clivus in 275 sides (52%) or parallel to 
the clivus with no deviation in 256 sides (48%; P < 0.0001); (5) sellar segment (medial loop of ICA in the cavernous sinus) 
starting at the takeoff of the meningeal hypophyseal trunk (ICA was medial into the sella in 271 cases [46%], lateral without 
touching the sella in 127 cases [23%], and abutting the 
sella in 182 cases [31%]; P < 0.0001); (6) sphenoid 
segment  (lateral loop of ICA within the cavernous 
sinus) starting at the crossing of the fourth cranial 
nerve on the lateral aspect of the cavernous ICA and 
located directly lateral to the sphenoid sinus; (7) ring 
segment (ICA between the 2 dural rings) starting at 
the crossing of the third cranial nerve on the lateral 
aspect of the ICA; (8) cisternal segment starting at the 
distal dural ring.

Conclusions: The classification may be applied 
uniformly to all skull base surgical approaches 
including lateral microsurgical and ventral endoscopic 
approaches, obviating the need for 2 separate 
classification systems. The classification allows 
extrapolation of relevant clinical information because 
each named segment may indicate potential surgical 
risk to specific structures.

Key words: Aneurysms; endoscopy; internal carotid 
artery skull base; tumors.
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Introduction

Classification systems for the internal carotid artery  (ICA) 
are numerically based, have been confused because of 
modifications, and do not apply uniformly to microsurgical 
and endoscopic approaches.

The purpose of the present study was to  (1) develop a 
clinical‑based classification system for the ICA; (2) identify 
anatomic landmarks that may define the beginning and the 
end of the segments of the ICA because of variation in length 
and angulation of the various ICA segments; (3) develop 
a system that may be applied uniformly to all surgical 
approaches to the base of the skull for lateral or ventral 
microsurgical or endoscopic procedures and avoid the need 
for 2 separate systems; and (4) design the classification system 
to enable extrapolation of relevant clinical information, so 
each named segment would highlight potential surgical 
risk to specific structures. The study was based on cadaver 
dissections and computed tomography angiography (CTA).

Materials and Methods

Cadaver study
We used 10 sides of 5 cadaver human heads that were fixed in 
formalin [Table 1]. The arterial system was injected with red 
latex through the cervical segment of the ICA, and the venous 
system was injected with blue latex through the internal 
jugular vein at the C6 vertebral level. The course of the ICA 
was delineated and examined with a microscope  (OPMI 
PENTERO 900 microscope, Zeiss, Oberkochen, Germany). We 
evaluated the relation of the ICA to multiple fixed anatomic 
structures including the styloid process, cochlea, eustachian 
tube  (ET), petrolingual ligament  (PLL), abducens nerve, 
trigeminal nerve, gasserian ganglion, meningohypophyseal 
trunk (MHT), fourth cranial nerve, and third cranial nerve.

Computed tomography angiography
The bony relations of the ICA to the base of the styloid 
process, cochlea, vidian canal, clivus, sella, and sphenoid 
sinus were studied with consecutive adult CTA images from 
the radiology database of our institution excluding those with 
documented pathology. The CTAs with thin, axial cuts were 
from 324 patients (648 sides). For each measurement, several 
studies were excluded because of limited image quality for 
the measurement. The following measurements were made.
•	 The relation of the base of the styloid process to the 

entrance of the ICA into the ICA canal was determined 
(n = 534), with the measurement determining whether 
the ICA canal was above, below, or at the level of the 
base of the styloid process

•	 A line bisecting the horizontal ICA in its petrous bony 
canal was extrapolated posteriorly, and its relation with 
the cochlea was evaluated. The position of the cochlea 
in relation to the ICA was recorded (n = 586), and we 
determined whether it was medial, at, or lateral to the 
bisecting line

•	 The bony distance between the anterior margin of the 
cochlea at its basal turn and the closest point of the ICA 
in the petrous canal was measured (n = 586)

•	 The relation of the beginning of the vidian canal was 
determined below, at the level of, or above the junction 
between the horizontal and ascending parts of the ICA 
in the cavernous sinus, close to the PLL (n = 567)

•	 The relation of the ascending segment of the ICA in the 
posterior part of the cavernous sinus to the clivus (ventral 
view) was determined as being medial, along the lateral 
edge of the clivus, or lateral to the clivus (n = 531)

•	 The relation of the medial loop of the ICA in the 
cavernous sinus to the lateral wall of the sella was 
determined (n = 586); the ICA was classified medially 
into the sella, abutted the sella, or remaining lateral 
without touching the sella

•	 The relation between the ICA and wall of the sphenoid 
sinus was examined for the presence of radiographic 
bony dehiscence, presence of the bony interval that 
separated the ICA from the sinus wall, and whether the 
ICA did not invade the wall and remained lateral.

Data analysis
All statistical analyses were performed using statistical 
software (QuickCalcs, GraphPad Software, San Diego, CA, USA). 
Chi‑square goodness of fit was used to calculate P for equal 
distributions, assuming that the three categorical variables in 
the cochlea‑ICA, ICA‑clivus, ICA‑dorsum sella, ICA‑sphenoid, 
ICA‑base of styloid, and ICA junction‑vidian canal were equally 
distributed. Statistical significance was defined by P ≤ 0.05.

Table  1: Anatomic results in cadaver heads

Specimen 
number

Side ICA wall diameter 
covered by ET 
laterally in mm

VI to PLL 
in mm

VI to MHT 
in mm

1 Right 9 6 4
2 Left 6 9 3
3 Left 4 9 4
4 Right 4 5 5
5 Right 4 7 3
6 Left 6 8 4
7 Right 9 6 3
8 Left 6 9 4
9 Right 7 6 5
10 Left 5 6 3
ICA  -  Internal carotid artery; PLL  -  Petrolingual ligament; ET  -  Eustachian tube; 
MHT  - Meningohypophyseal trunk
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Results

Cochlear segment: Ascending segment of the internal 
carotid artery in the temporal bone
The ascending segment of the ICA in the temporal bone 
started from the base of the styloid process and extended to 
the ET. In the 534 CTA studies, the beginning of the carotid 
canal was above the styloid process (P < 0.0001) [Table 2]. 
The cochlea was posterior to the horizontal course of the 
ICA where the ICA entered the petrous temporal bone, with 
an average bony interval between the cochlea and ICA in the 
axial plane of 2.22 mm (range, 0.2–11.8 mm; 95% confidence 
interval, 2.15–2.29 mm). The relation of the cochlea to the 
horizontal ICA was directly posterior [Figure 1] (P < 0.0001). 
In only 1 CTA (0.2%), the cochlea was posterolateral to the 
ICA [Figure 1]. After rising vertically through the petrous bone, 
the ICA turned anteriorly and medially. Based on these results, 
we named this ICA segment “cochlear segment” [Table 2].

Petrous segment: Horizontal segment of internal carotid 
artery in temporal bone
In all 10 cadaver sides, the horizontal segment of the ICA 
in the temporal bone started where the ET crossed the 
superolateral surface of the ICA, where the ICA course 

Table  2: Radiographic results

Relationship Number of CTA  (%)
Styloid base to ICA entrance into bony canal

Above 425 (80)
At 107 (20)
Below 2 (0.4)
Total 534

Cochlea to ICA
Lateral 1 (0.2)
At 501 (85)
Medial 84 (14)
Total 586

Vidian canal to the junction of petrous and 
Gasserian‑clival ICA

Above 53 (9)
At 360 (63)
Below 154 (27)
Total 567

ICA to sella
Medial 271 (46)
Abutted 182 (31)
Lateral 133 (23)
Total 586

ICA ‑ sphenoid
Medial 183 (37)
Abutted 293 (59)
Lateral 20 (4)
Total 496

ICA  -  Internal carotid artery; CTA  -  Computed tomography angiography; 
ET  -  Eustachian tube

changed from vertical to horizontal at the genu. As the ICA 
entered the base of the skull through the carotid canal, it 
turned anteromedially at the genu to form the horizontal 
portion just anterior to the basal turn of the cochlea. The 
petrous segment ended where the beginning of the PLL 
crossed the ICA  [Figure  2]. The superior surface of the 
genu was positioned directly medial to the bony part of 
the ET and tensor tympani muscle. The average thickness 
of the bony septum between the ET and the ICA was 6 mm 
(range, 4–9 mm) in all 10 cadaver sides, where the ET coursed 
anteriorly and inferiorly toward the nasopharynx [Figure 2]. 
Based on these findings, we adhered to the existing term, 
petrous, and further define it specifically to extent from the 
ET to the PLL [Tables 1 and 2].

Gasserian segment: Ascending segment of the internal 
carotid artery in the cavernous sinus
After coursing anteromedially through the petrous bone, 
the ICA ascended vertically toward the posterior part of the 
cavernous sinus. From the lateral  (microsurgical) view, the 
ascending segment of the ICA in the posterior cavernous 
sinus started where the most proximal portion of the PLL 
crossed over the ICA  (observed in all 10 cadaveric sides) 
and ended at the MHT. From the anterior  (endoscopic) 
view, the junction between the petrous and this ascending 
segment of the ICA is marked by the vidian canal; in CTA 
images, this junction was at the level of the vidian canal 
in 360 sides (63%), below this level in 154 sides (27%), and 
above this level in 53 sides  (9%)  (P  <  0.0001)  [Figure  3]. 
From the ventral (endoscopic) view, this segment of ICA was 
projecting medially onto the clivus in 275 sides (52%), running 
along the lateral edge of the clivus in 256 sides (48%), and 
lateral to the clival edge without abutting the clivus in 0 
sides (P < 0.0001) [Figure 3].

Figure 1: Relationship of the internal carotid artery to the Cochlea. Diagram 
depicting the right internal carotid artery viewed from above. The internal 
carotid artery was located  (A) posteromedial,  (B) directly posterior, or 
(C) posterolateral to the cochlea
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and ended where the fourth nerve crossed the ICA laterally. 
This relation was observed in all 10 cadaver specimens. 
From a coronal cut of the ICA at the level of the MHT in the 
cadaveric specimens, the MHT was located at on the superior 
surface of the ICA in 9 sides, medial in 1 side, and lateral in 
0 side  [Figure 5]. In CTA axial sections, the ICA projected 
medially into the sella in 271 (46%), abutted the sella without 
projecting into it in 182 (31%), and was lateral without touching 
the sella in 127 (23%) (P < 0.0001) [Figure 6]. Therefore, we 
named this segment “sellar segment” [Tables 1 and 2].

Sphenoid segment: Lateral loop of the internal carotid 
artery within the cavernous sinus
The lateral loop of the ICA within the cavernous sinus started 
where the fourth nerve crossed the ICA in all 10 cadaveric 
sides (lateral microsurgical view) [Figures 7‑10]. From a ventral 
view (endoscopic or microsurgical), this segment was coursing 
directly lateral to the sphenoid sinus in all 10 specimens. Bony 
dehiscence of the lateral sphenoid wall overlying this segment 
of the ICA was studied with CTA; complete bony dehiscence 
was observed in 183 sides (37%), the ICA abutted the sphenoid 
sinus wall without dehiscence in 293 sides  (59%), and the 

The abducens nerve was observed crossing lateral to this 
segment of the ICA in all 10 cadaveric sides. The average 
length from the superior edge of the PLL to the 6th cranial 
nerve was 7.1 mm  (range, 5–9 mm). The average interval 
between the MHT and the 6th  cranial nerve was 3.8  mm 
(range, 3–5 mm) [Figure 4].

This segment of the ICA (from a lateral microsurgical perspective) 
was covered laterally by the trigeminal nerve ganglion (gasserian 
ganglion) in all 10 samples. This segment was also (from ventral 
endoscopic perspective) associated with the lateral border of 
the clivus in 100% of the CTA studies. Therefore, we named this 
segment “Gasserian‑clival segment” [Tables 1 and 2].

Sellar segment: Medial loop of the internal carotid artery 
in the cavernous sinus
The medial loop of the ICA in the cavernous sinus started 
at the MHT in the posterior portion of the cavernous sinus 

Figure 4: Cadaver dissection (right lateral view) showing the internal carotid 
artery, abducens nerve, and meningohypophyseal trunk. MMA: Middle 
meningeal artery

Figure  5: The site of the origin of the meningohypophyseal trunk 
based on the coronal depiction of the right internal carotid artery. 
(A) Meningohypophyseal trunk origin from the medial surface of the internal 
carotid artery.  (B) Meningohypophyseal trunk origin from the superior 
surface of the internal carotid artery. (C) Meningohypophyseal trunk origin 
from the lateral surface of the internal carotid artery

Figure 2: Cadaver dissection of the horizontal segment of the right internal 
carotid artery in the temporal bone. (a) The petrous segment ended where 
the beginning of the petrolingual ligament crossed the internal carotid 
artery. (b) The eustachian tube coursed anteriorly and inferiorly toward the 
nasopharynx. ET: Eustachian tube, ICA: Internal carotid artery, MMA: Middle 
meningeal artery; PLL: Petrolingual ligament

b
a

Figure  3: Ascending segment of the internal carotid artery in the 
cavernous sinus. (a) Axial computed tomography angiography image: The 
start of the vidian canal  (posterior end of the canal) at the level of the 
junction of horizontal petrous and ascending cavernous internal carotid 
artery segments  (arrow).  (b) Axial computed tomography angiography 
image: The relation of the ascending segment of the internal carotid artery 
in the posterior cavernous sinus projecting medially into the sphenoid sinus 
shown on the left side (orange arrow) and running along the side of the 
clivus shown on the right side (green arrow)

ba
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ICA did not touch the sphenoid sinus wall (no dehiscence) 
in 30 sides (4%) (P < 0.0001) [Figure 8]. Therefore, we named 
this segment “sphenoid segment” [Tables 1 and 2].

Ring segment: Internal carotid artery segment between 
the 2 rings
The ICA segment between the 2 rings started where the 
third nerve crossed the ICA and ended at the distal dural 
ring. The third nerve touched the ICA on its lateral side at 
the level of the proximal ring in all 10 cadaver specimens. 
The distal dural ring marked the termination of this ICA 
segment. Therefore, we named this segment “ring segment” 
[Figures 9 and 10, Tables 1 and 2].

Discussion

The present study provided a classification of the ICA that may 
define structures at risk during microsurgical or endoscopic 
approaches. The first classification system for the ICA was 
published by Fisher in 1938, which was based on angiographic 
data.[1] The Fisher’s classification remained the standard 

until 1981, when Gibo et  al. introduced an anterograde 
classification of the ICA that divided the ICA into 4 segments, 
based on locations of aneurysms: The cervical ICA was the 
C1 segment; the intracranial ICA was subdivided into the 
petrous (C2) segment, cavernous (C3) segment that ended at 
the distal dural ring, and supraclinoid (C4) segment; and the 
C4 segment was divided into ophthalmic, communicating, 
and choroidal parts.[2] In 1987, Lasjaunias and Berenstein 
classified the ICA based on embryology.[3] In 1989, Dolenc 
added further details to the understanding of the cavernous 
segment of the ICA.[4] In 1990, Spetzler et  al. provided 
anatomic and surgical details about the petrous segment 
of the ICA.[5] In 1996, Bouthillier et  al. proposed a further 
modification of this system that is commonly used at present. 
This classification system divided the ICA into 7 segments, 
labeled C1 to C7 in an anterograde direction and was the first 
classification to include lacerum and clinoid segments.[6] In 
2001, the initial experience with understanding the ICA from 
an endoscopic perspective was reported by Alfieri and Jho, 
who introduced the parasellar and paraclival terminology 
to segments of the ICA.[7] In 2005, Ziyal et al. proposed the 
removal of the lacerum segment because the ICA did not 

Figure  6: The internal carotid artery relation to the sella  (diagrammatic 
axial depiction of the right internal carotid artery as seen from above). 
(A) Internal carotid artery not projecting into the sella wall.  (B) Internal 
carotid artery abutting the sella wall. (C) Internal carotid artery projecting 
medially into the sella wall

Figure  8: Coronal computed tomography angiography image depicting 
sphenoid segment

Figure 9: Diagrammatic illustration of the key anatomic junctions separating 
the proposed internal carotid artery segments

Figure 7: Lateral loop of the right internal carotid artery within the cavernous 
sinus (cadaveric dissection: Right lateral view (a) and anterior view (b))

ba
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pass through the foramen lacerum; they added a trigeminal 
segment and omitted the ophthalmic segment due to 
variability of its origin.[8] In 2008, Pfeiffer and Ridder described 
variations in the course of the cervical (parapharyngeal) ICA 
that may have clinical implications in otorhinolaryngology 
procedures.[9] Furthermore, in 2008, Osawa et al. provided 
the most detailed anatomic description of the petrous 
carotid in the literature.[10] In 2012, Fortes et  al. provided 
the results of anatomic dissections that exposed the ICA 
through an endoscopic transpterygoid approach.[11] In 2013, 
Wang et al. used CTA and subclassified the cavernous ICA for 
endoscopic approaches.[12] In 2014, Labib et al. provided a 
detailed scheme based on cadaver dissections for classification 
of the ICA for ventral endoscopic approaches.[13] In 2014, 
DePowell et al. performed ventral endoscopic dissections in 
5 cadavers and proposed that the classification of  Bouthillier 
et  al. from 1996 could be applied for ventral endoscopic 
approaches.[6,14] In 2014, Shapiro et al. proposed a classification 
based on branching points of the ICA for endovascular 
procedures,[15] and Cebula et al. identified 4 anatomic patterns 
of the carotid siphon in relation to the pituitary gland using 
cadaveric specimens.[16] The seven decades of work by 
researchers in neurosurgery, otorhinolaryngology, radiology, 
and neurology who studied the ICA may be summarized 
into three categories: (1) Angiographic classification 
systems,  (2) cadaver neuroanatomic descriptions, and  (3) 
ventral endoscopic observations of the ICA. The endoscopic 
understanding of the ICA is important because of the 
increased use of endoscopic approaches to the base of the 
skull that may cause ICA injury or pseudoaneurysm after 
ventral endoscopic approaches.[2,5,6,9,10,13,17‑29] The numerical 
classification systems may be confusing because of changes 
in the numerical systems based on updated findings. In 
proposing the present classification system, we added 
information about associated structures to each segment, 
based on detailed statistical analysis, which may be valuable 
in alerting the surgeon about structures at risk, depending 
on the surgical zone, during lateral microsurgical or ventral 
endoscopic procedures  [Table 3]. In addition, we provided 
specific landmarks to define the beginning and end of each 
segment [Figure 11].

We review our findings and classification system.

Cervical segment
We retained the historical terminology of the extracranial 
cervical segment of the ICA as defined previously. We did not 
study this segment anatomically or radiographically because 
the naming and anatomy of this segment were well established 
in the literature. In our classification system, we defined the 

Figure  10: Cadaveric specimen demonstrating petrous, Gasserian‑Clival, 
sellar, sphenoidal, and ring Segments (right lateral view). A: Second nerve, 
B: Third nerve, C: Fourth nerve, D: Sixth nerve, E: PLL, Cochlea, Yellow: 
Petrous red: Gasserian, Orange: Sellar, Green: Sphenoid, Blue: Ringt, Dark 
Green: Subarachnoid segments of ICA

Figure 11: Three‑dimensional reconstruction of the internal carotid artery 
based on data points collected. Image depicting the 7 transition anatomic 
landmarks (blue rings depicting each specific anatomic point). (a) Lateral 
view of the right internal carotid artery. (b) Anterior view of the right internal 
carotid artery. (1) Base of the styloid mastoid foramen (2) ET (3) PLL (4) MHT 
(5) 4th (6) 3rd CN (7) Distal ring

ba

Figure 12: Three‑dimensional reconstruction of the internal carotid artery 
based on data points collected. Image depicting the 7 transition anatomic 
landmarks  (blue rings). Color‑  coded proposed internal carotid artery 
segments. (a) Lateral view of the right ICA. (b) Anterior view f the right ICA. 
The blue rings are delineating the transitional points of each segment of 
the ICA based on the findings of the study. (1) Base of the styloid mastoid 
foramen (2) ET (3 ) PLL (4) MHT (5) 4th (6) 3rd CN (7) Distal ring

ba
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end of the cervical and beginning of the cochlear segment at 
the base of the styloid process [Table 2 and Figure 12].

Cochlear segment
We defined the cochlear segment from the base of the styloid 
process to the level of the ET where the ET crosses the ICA 
laterally [Figure 12]. The bone between the petrous carotid 
canal and cochlea in the axial plane had average thickness 
2.2 mm. The cochlear segment is not encountered in most 
approaches to the base of the skull, but it is exposed in the 
approach to total petrosectomy, during which it is necessary 
to drill the cochlea to access this segment. Our findings 
related the aforementioned surgical trajectory to the naming 
of this segment.

Petrous segment
The petrous segment was defined as starting where the ET 
crosses the ICA laterally and ending at the beginning of the PLL 
(lateral view) and proximal portion of the vidian canal (ventral 
endoscopic view) [Tables 1 and 2, Figures 12 and 13]. From 
the lateral microsurgical perspective, this segment of the 
ICA can be exposed for proximal control during surgery for 
aneurysms or skull base tumors. This segment also may be at 
risk of injury during the drilling of the petrous apex [Table 3]. 
From the ventral endoscopic perspective, this segment may 
be at risk during dissection or drilling in a plane lateral to 
the vidian canal  [Figure  13]. The vidian canal previously 
was defined as a landmark for the petrous ICA by Kassam 
et al.,[26,30] and our work further confirmed the importance 
of this landmark.

Gasserian‑clival segment
The gasserian segment was defined as starting at the PLL 
(lateral view) and proximal vidian canal  (ventral view) and 

ending at the MHT  [Table 1 and Figure 12]. Although the 
PLL was used as a landmark in previous classifications, it 
may have limited clinical application because it may not be 
demonstrated on radiography. The proximal vidian canal is 
a better landmark for the start of this segment. From the 
anterior or endoscopic approach, the proximal end of the 
vidian canal is located at the junction of the petrous and 
gasserian segments. There are variations in the course of the 
vidian canal in relation to the sphenoid sinus.[11,30‑33] From the 
microsurgical prospective, this segment is important during 
surgery of Meckel’s cave, and our results showed that the 
sleeve of the gasserian ganglia may cover the lateral surface 
of this ICA segment. Therefore, from a lateral microsurgical 
perspective, the surgery of Meckel’s cave may be associated 
with injury of the gasserian segment of the ICA [Table 3]. From 
the ventral endoscopic perspective, our results showed that 
this segment is in the superior plane of the proximal vidian 
canal [Table 2, Figures 12 and 13].

Exposure of the gasserian segment of the ICA is rarely 
required for microsurgical lateral approaches because it 
is in the posterior portion of the cavernous sinus. The 
recognition of this segment is however clinically important 
when operating on tumors involving Meckel’s cave such as 
schwannoma or meningioma as this segment of the ICA 
is directly medial in these microsurgical procedures. For 
ventral endoscopic approaches involving the clivus, our 
study showed that there is an important surgically relevant 
relation between this segment of the ICA and the lateral 
border of the upper clivus. We specially noted that in 
approximately 50% of the CTAs, the ICA actually projected 
medially toward the clivus from its lateral border zone, and 
thus a potential risk of ICA injury during these endoscopic 
approaches. In addition, this relation of the ICA to the clivus 
is pertinent only at and above the vidian canal because 
the Gasserian‑clival segment did not extend below the 

Figure 14: Axial computed tomography angiography image demonstrating 
bony dehiscence at the Gasserian‑Clival segment of the internal carotid 
artery (white arrow)

Figure 13: Three‑dimensional reconstruction of the internal carotid artery 
based on data points collected. The vidian canal and its three‑dimensional 
relation to the junction of the petrous to the Gasserian‑Clival internal carotid 
artery segments (a). The Vidian canal and the eustachian tube and their 
relationship to the cochlear, petrous, and Gasserian‑Clival segments (b). 
(a) Anterior view of the both ICA. (b) Coronal view of the both ICA. (1) ET 
(2) Vidan Canal, (A) Cohlear, (B) petrous, (C) Gasserian – Clival (D) Sellar (E) 
Sphenoid (F) Ring (G) Cisternal segments of the ICA
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demonstrated in our study of complete dehiscence in 37% 
of the CTAs) or drilling lateral to the optical carotid recess 
without full recognition of the course of the sphenoid 
segment [Figure 16].

Ring segment
The ring segment started where the third nerve crossed the 
ICA laterally (proximal ring) and ended at the distal dural ring. 
This segment is important during anterior clinoid drilling for 
aneurysms involving the ophthalmic segment of the ICA. The 
start of the ring segment demarcates the point of the end of 
the cavernous sinus.

Cisternal segment
The cisternal segment started from the distal dural ring and 
ended at the bifurcation of the ICA. Classification of this segment 
has been provided in detail previously[2,26,32,35,37‑44] [Table 3].

Table  3: Classification system impact of identifying structures 
at risk

Surgical approach Structure at risk
Total petrosectomy Cochlear ICA segment
Extradural middle fossa dissection/drilling lateral 
to the ICA

ET

Drilling the petrous apex Petrous ICA segment
Endoscopic dissection/drilling at the proximal 
vidian canal

Petrous‑gasserian ICA 
junction

Endoscopic drilling lateral to the vidian canal Petrous ICA segment
Endoscopic drilling superior to the vidian canal Gasserian ICA segment
Anterior microsurgical or endoscopic drilling/
dissection at lateral edge of clivus

Gasserian ICA segment

Microsurgical dissection In Meckel’s cave Gasserian ICA segment
Endoscopic or microsurgical dissection in the sella Sellar ICA segment
Endoscopic or microsurgical dissection/drilling in 
the sphenoid sinus

Sphenoid ICA segment

Drilling of anterior clinoid and opening of 
proximal dural ring

Third cranial nerve

ICA  -  Internal carotid artery; ET  -  Eustachian tube

vidian canal on the clivus in any of the scans. Therefore, to 
obtain lateral access along the clivus in ventral transclival 
approaches, we recommend identifying the vidian canal 
and obtaining access laterally on the clivus below the level 
of the vidian canal [Figure 14].

Sellar segment
The sellar segment started at the origin of the MHT and 
ended at the level where the fourth cranial nerve crossed the 
ICA laterally [Table 1 and Figure 12]. The MHT and artery of 
Bernasconi and Cassinari, which is a tentorial branch of the 
MHT, are feeders for neoplasms and vascular malformations 
of the tentorium cerebelli.[34] Petroclival tumors may be 
devascularized during extradural dissection and the cutting of 
the tentorium with ligation of the MHT.[22,34,35] The MHT may 
be exposed through the infratrochlear triangle because it is 
located within the posterior compartment of the cavernous 
sinus.[36] The clinical importance of this segment is the 
potential risk of injury to the ICA during transsphenoidal 
procedures. Based on our findings, the sellar segment is 
the ICA segment that is closest to the sella and pituitary 
gland [Table 3]; Cebula et al. previously showed that in 80% 
specimens, the ICA (sellar segment in our classification system) 
was in direct contact with the pituitary gland [Figure 15].[16]

Sphenoid segment
The sphenoid segment started where the fourth nerve 
crossed the ICA laterally and ended where the third cranial 
nerve crossed the ICA laterally. This segment is important in 
endoscopic approaches to the sphenoid sinus and sella. The 
sphenoid segment lies superior and lateral in the sphenoid 
sinus and forms the lower margin of the lateral optical carotid 
recess. The risk of ICA injury inside the sphenoid sinus may 
be associated with dehiscence of bone in this segment (as 

Figure 15: Axial computed tomography angiography image demonstrating 
bony dehiscence at the sellar segment of the internal carotid artery (white 
arrow)

Figure 16: Coronal computed tomography angiography image demonstrating 
bony dehiscence at the sphenoid segment of the internal carotid artery 
(white arrow)
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Conclusions

We classified the ICA into cervical, cochlear, petrous, 
Gasserian‑clival, sellar, sphenoid, ring, and cisternal segments. 
Each segment started with a defined anatomic landmark. This 
system is simpler than previous systems, is reproducible, 
and helps define structures at risk during microsurgical 
and endoscopic approaches to the base of the skull. The 
classification also may unify ICA terminology between 
neurosurgery, head and neck surgery, neurology, and radiology. 
We propose that this system may be extrapolated to describe 
digital subtraction angiography of the ICA [Figure 17].
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