
REVIEW

Review of the main surgical and angiographic-oriented classifications
of the course of the internal carotid artery through a novel interactive
3D model

Marc Valera Melé1,2 & Anna Puigdellívol-Sánchez1,3 & Marija Mavar-Haramija1 & Juan A. Juanes-Méndez4 &

Luis San Román5
& Matteo De Notaris6 & Giuseppe Catapano6

& Alberto Prats-Galino1

Received: 22 March 2018 /Revised: 31 May 2018 /Accepted: 10 July 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
The course of the internal carotid artery (ICA) and its segment classifications were reviewed by means of a new and freely
available 3D interactive model of the artery and the skull base, based on human neuroimages, that can be freely
downloaded at the Public Repository of the University of Barcelona (http://diposit.ub.edu/dspace/handle/2445/112442)
and runs under Acrobat Reader in Mac and Windows computers and Windows 10 tablets. The 3D-PDF allows zoom,
rotation, selective visualization of structures, and a predefined sequence view. Illustrative images of the different classifi-
cations were obtained. Fischer (Zentralbl Neurochir 3:300–313, 1938) described five segments in the opposite direction to
the blood flow. Gibo-Rothon (J Neurosurg 55:560–574, 1981) follow the blood flow, incorporated the cervical and petrous
portions, and divided the subarachnoid course—supraclinoid—in ophthalmic, communicating, and choroidal segments,
enhancing transcranial microscopic approaches. Bouthillier (Neurosurgery 38:425–433, 1996) divided the petrous portion
describing the lacerum segment (exposed in transfacial procedures and exploration of Meckel’s cave) and added the clinoid
segment between the proximal and distal dural rings, of interest in cavernous sinus surgery. The Kassam’s group (2014),
with an endoscopic endonasal perspective, introduces the Bparaclival segment,^ including the Blacerum segment^ and part
of the intracavernous ICA, and details surgical landmarks to minimize the risk of injury. Other classifications are also
analyzed. This review through an interactive 3D tool provides virtual views of the ICA and becomes an innovative
perspective to the segment classifications and neuroanatomy of the ICA and surrounding structures.
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Introduction

The internal carotid artery (ICA) arises at the bifurcation of the
common carotid artery (CCA) in the neck and extends to its
final intracranial bifurcation into the middle cerebral artery
(MCA) and the anterior cerebral artery (ACA). Several au-
thors have proposed classifications of the course of the ICA
with different number of segments (from 4 to 7), with some
following or some not following the direction of the blood
flow. According to Fischer’s classification of 1938, the ICA
was numbered in the opposite direction to blood flow [13].
The other authors followed the direction of the blood flow
when describing four to seven segments, based on descrip-
tions of the course of the ICA in cadaveric especimens, and
extending from the cervical region [2, 15]. Most recently [23],
in 2014, a new classification has been proposed based on a
ventral endoscopic endonasal perspective.

Our group has previously shown that three-dimensional
(3D)models enhance clinicians’ anatomical and neurosurgical
understanding of different regions of the skull base [5, 7],
endonasal approaches to the ICA [4, 6, 8, 27], or structures
involved in neuraxial anesthesia [32, 33]. Moreover, these 3D
models may be embedded in interactive portable document
format (PDF) files that may be opened in any freely available
Adobe®Acrobat Reader® in desktop computers. Several 3D-
PDF models based on human neuroimages, including the
skull base, brain, optic chiasm, bilateral ICAs [4], or Vidian
nerves and the possibility of selective bone structure removal
(e.g., the middle turbinate) [27], were created to simulate ex-
tended endoscopic endonasal approaches and may be
downloaded freely from the Electronic Supplementary mate-
rial section [4] or from the Public Repository of the University
of Barcelona at http://diposit.ub.edu/dspace/handle/2445/
55224 [27], respectively.

We have now used that technology to assess the ICA anat-
omy, featuring its spatial disposition and main topographic
relations, and have created a new interactive 3D-PDF [41].

The aim of this study is to review and compare four major
classifications of ICA segments [2, 13, 23], through a new tool
that improves the visualization of the complex 3D anatomy of
the ICA and its relationships with adjacent structures.

Material and methods

Illustrative images of the different classifications were obtain-
ed from a 3D-PDF interactive model of the ICA [41], which is
freely available at the Public Repository of the University of
Barcelona http://diposit.ub.edu/dspace/handle/2445/112442,
and runs under Acrobat Reader in Mac and Windows
computers and Windows 10 tablets. The study complied
with the principles of the Declaration of Helsinki.

The development of a 3D-PDF [27, 33] from cranial CT
angiography and 3D high resolution angiography images of a
patient has been described previously [41]. Briefly, the process
consisted in data acquisition, image processing (segmentation
and surface reconstruction of bony and vascular structures), and
the creation of a 3D PDF. The petrolingual ligament [PLL] was
drawn at the level of the ICA as previously shown in cadaveric
prossections [2, 23]. To illustrate the location of the dural rings,
torus-3D-shaped structures were generated by 3D software
(Amira 5.3, Mercury Co, Boston, USA) and located along the
anterior loop of the ICA in accordance with previous ICA and
dural ring descriptions and figures [2]. A template of the
Gasserian ganglion (GG), from the visible ear [35] (0.3 mm of
slice thickness) was generated and adapted to this model taking
the petrous pyramid and skull foramens as references to position
the ganglion. Finally, the 3D surface models of the ICA and of
the neuroanatomical structures were exported together with the
angio-TC 2D images as virtual reality model language (VRML)
documents that may be embedded in 3D-PDF files.

The 3D-PDF allows zoom, rotation, selective visualization
of structures, and a predefined sequence view. The 3D model
includes the following structures: the skull base and the ICA
with its main branches (ophthalmic artery [OphA], anterior
choroidal artery [AChA], posterior communicating artery
[PComA], middle cerebral artery [MCA], and anterior cere-
bral artery [ACA]) (Fig. 1), the GG, the PLL, and the proximal
and distal dural rings (Fig. 2). The portions of the different
segment classifications are colored in order to differentiate
them. Four ICA models were created, one for each represen-
tative classification (Figs. 3, 4, 5, 6, and 7). A predefined
coronal clipped view of the skull was generated to enhance
the anatomic relations of the endoscopic perspective (Fig. 7).

Results

Review of the ICA course

The ICAwas classically divided into Bcervical,^ Bpetrous,^ and
Bcavernous^ portions [45]. The successive segment classifica-
tions proposed additional parts within those portions (Table 1):

Cervical portion This is exocranial and has also been called
Bparapharyngeal^ by some authors [23]. It extends from the
junction with the common carotid artery at the C3–C4 or C4–
C5 vertebral level to the entrance into the carotid canal within
the petrous portion of the temporal bone.

Petrous portion The first Bvertical^ or Bposterior ascending^
portion within this canal [24], also named the Bcochlear
segment,^ [1] switches to a horizontal orientation after the
so-called Bposterior or genicular loop^ [42], progressing
anteromedially within the petrous pyramid (Fig. 1).
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The ICA exits the bony canal but continues surrounded by
periosteum, passing over the foramen lacerum, which is cov-
ered caudally by fibrocartilaginous tissue, the BICA sock^
[23]. Some authors define the Blacerum segment^ at this level

[2] (Fig. 6c) and consider this canalicular part to be the rostral
extension of the carotid canal [38]. Another Bloop^ [2, 42] or
Bbend^ [9] exists here, adjacent to the superomedial aspect of
petrous apex, at the level of the superior edge of the petroclival

Fig. 2 The 3D-PDF interface. A superolateral intracranial perspective is
shown (enlarged rectangle area of the orientation picture at the top left
zone). Either the skull and the Gasserian Ganglion (GG) have been par-
tially transparented to enhance the visualization of the course of the ICA
within the carotid canal of the petrous pyramid (Ptr), the lacerum portion
(Lc) after which the ICA traverses the petrolingual ligament (PLL), en-
tering at cavernous sinus. The inferior and superior dural rings (dr) are

also visible under the anterior clinoid process. Commands: 1. Anterior,
lateral, posterior, and superior sights. 2. Drop-down list of 3D reproduced
structures. 3. Check box to show or hide specific 3D reproduced struc-
tures and arrows to increase or decrease transparency. 4. Selection and
navigation among CTslices. 5. Clipping and navigation in the orthogonal
planes. 6. Sequence of predefined views of the classifications of the ICA
segments

Fig. 1 3D-PDF images of the loops and branches of the ICA (center)
from superolateral (a) or frontal endonasal (b) views. The 3D reproduced
skull partially covers the course of the ICA (left images), but has been
made partially transparent (right images) to allow visualization of the
arterial course within the bone. The loops (pl posterior loop, ll lateral

loop, ml medial loop, al anterior loop, ul unnamed loop) and branches
of the ICA (OphA ophthalmic artery, PComA posterior communicating
artery, AChA anterior choroid artery, ACA anterior cerebral artery, MCA
middle cerebral artery) are labeled. Orientation: Cr cranial, Ca caudal, a
anterior, p posterior, l left, r right
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fissure [23], the so-called Blateral loop^ [42] (Fig. 1), after
which the ICA crosses the PLL. Distal to this ligament, the
ICA enters the cavernous sinus [2] (Figs. 2, 3c, and 6a). Some

authors have recently proposed the existence of the
Bprecavernous ICA^ [26], as a transitional segment between
the Blacerum^ and the Bcavernous^ segments.

Cavernous portion Within the cavernous sinus, the ICA con-
tinues rostrally in a medially ascending course. This part is
considered by some authors as the BGasserian^ segment [1]
since the GG is located just laterally outside the cavernous
sinus (Fig. 6b) and Bparaclival^ by others [23]. At the level
of the posterior clinoid process, a new loop (the so-called
Bmedial^ loop [42]) (Figs. 1a and 6b, c), after which the
ICA continues horizontally beside the silla turcica
(Bparasellar^ [23]) toward the Banterior^ loop [42], between
the proximal and distal dural rings, reaching the subarachnoid
space at the level of the anterior clinoid process (Fig. 6c).

Some authors considered that the cavernous sinus ends
when the ICA crosses the proximal dural ring [2, 23]. The
portion between the proximal and distal dural rings is consid-
ered the Bknee^ of the ICA [13], the Bclinoid^ [2], the
Bparaclinoid^ [23], or the Bring^ segment [1]. The distal dural
ring is the only complete ring that surrounds the ICA. This
ring fuses laterally with the adventitia of the ICA and is con-
tinuous with the adjacent dura mater of the falciform ligament,
the anterior clinoid process, and the roof of the cavernous
sinus. The clinoid segment is part of the anterior loop of the
ICA. The periosteum of the anterior clinoid and carotid sulcus
covers much of this segment. The clinoid segment is covered
by dura mater that is continuous with the roof of the cavernous
sinus. If the anterior and middle clinoid processes fuse, the
clinoid segment is surrounded by bone [2].

Fig. 3 Predefined views of the different classifications. a Fischer’s
classification. b Rhoton’s classification. c Bouthillier’s classification.
Superolateral view. Lacerum segment in dark green. d Anterior clipped

view at the level of the sphenoidal sinus to show the course of the ICA
from an endoscopic perspective. The skull has been made partially
transparent

Fig. 4 Fischer’s classification. Detail of segments and main branches of
the ICA. Anterior view. C5 segment (blue); C4 segment (green); C3
segment (dark green); C2 segment (red); C1 segment (purple). OphA
ophthalmic artery, PComA posterior communicating artery, AChA anteri-
or choroid artery, ACA anterior cerebral artery, MCA medial cerebral
artery
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The ICA at the subarachnoid spaceAfter the ophthalmic artery
origin, and usually immediately after the knee of the ICA [25],
the artery progresses in a new anterior to posterior horizontal
course that gives rise to the superior hypophyseal branches
[25, 34]. This horizontal part ends in a final loop of the ICA
(unnamed for the moment), initiating another ascending
course that gives rise to the PComA and AchA before the
bifurcation of the ICA into the ACA and MCA.

Some authors name this portion Bcisternal^ [1], Bintradural^
[23], or Bsupraclinoid^ [15], defining subsegments
(Bophthalmic^ [2, 15], Bcommunicating^ [2, 15], Bchoroidal^
[15]) (Fig. 5) at the level of the different branches of the ICA
and being part of the carothid siphon [2, 15], inspired in the S
shape of the ICA extending from the cavernous portion. The
ophthalmic artery usually arises from the medial third of the
superior surface of this portion, below the optic nerve, andmedial
to the anterior clinoid process. However, its origin may vary [25]
by as much as 5 mm anterior to 7 mm posterior to the tip of the
anterior clinoid process, and by between 2 and 10 mmmedial to
the clinoid process, but in some cases it has been found to emerge
intradurally or as a branch of the inferolateral trunk of the cav-
ernous segment. All those branches have been extensively de-
scribed with accompagning illustrations and prosections [34].

Review and comparison of segment classifications
included in the 3D model

The comparison of the main ICA segment classifications is
summarized in Table 1.

The Fischer’s classification of 1938 was based on the an-
giographic appearance of its course (Figs. 3a and 4) [13]. The
other classifications analyzed here are based on cadaveric

dissections [2, 15, 23]. The classification proposed in 1981
by Gibo-Lenkey-Rothon [15] included a cervical segment
(C1) and a petrous segment (C2) which ends where the artery
enters the cavernous sinus (Figs. 3b and 5). They also consid-
ered that the cavernous segment (C3) terminated when the
artery passed through the dura mater to form the roof of the
cavernous sinus, at the entrance to the subarachnoid space.
After this cavernous segment (C3), this classification divides
the subarachnoid part of the ICA (here called supraclinoid or
C4) in three subsegments (ophthalmic, communicating, and
choroidal) related to the emergence of those arteries (Fig. 5b,
c). The classification published in 1996 by Bouthillier [2]
(Figs. 3c and 6) divided the previous petrous portion in
Bpetrous^ (C2) and Blacerum^ portion (C3), which Bbegins
where the carotid canal ends, which is at a vertical line at the
posterolateral margin of the exocranial foramen lacerum,^
with ICA passing Babove but not through^ the lacerum fora-
men (Fig. 6c), before its entrance in the cavernous sinus.
Bouthillier et al. [2] considered that the cavernous sinus ends
at the level of the proximal dural ring and describes there a
new Bclinoid^ segment, between the proximal and distal dural
rings. The wide experience of the Kassam’s group in the en-
doscopic surgery [19, 20] lead to the last classification
reproduced in the 3D model that was recently published
(2014) [23] and introduced a comprehensive scheme for the
ICA, illustrated with extensive cadaveric prossections, from
an endoscopic endonasal skull base perspective (Figs. 3d and
7) and detailed surgical landmarks for the distal anatomic
border of each segment (Table 1, last column), working cor-
ridors, and modular approaches. The lacerum segment of the
Bouthillier’s classification is here included in the Bparaclival^
segment, that extends within the cavernous sinus until the

Fig. 5 Rhoton’s classification (medial view of the right ICA). a C1-
cervical segment (purple); C2-petrous segment (red); C3-cavernous seg-
ment (dark green); C4-supraclinoid segment (ophthalmic segment in
blue, communicating segment in orange, and choroidal segment in dark
blue). b Detail of the rectangle in A. C4 or supraclinoid segment. Medial

view, from the left side. c The same rectangle, lateral view, from the right
side. OphA ophthalmic artery, PComA posterior communicating artery,
AChA anterior choroid artery, ACA anterior cerebral artery, MCA middle
cerebral artery, Cr cranial, Ca caudal, a anterior, p posterior, l left, r right
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level of superior edge of the petroclival fissure. Distally, the
Bparasellar^ segment is also described within the cavernous
sinus, limited by the proximal dural ring, followed by the
Bparaclinoid^ segment (similar to the Bouthillier’s Bclinoid^
segment (Table 1). Kassam coincides with Bouthillier when
considering that this Bparaclinoid^ segment, between the
proximal and distal dural rings, is outside the cavernous sinus.

The Labib-Kassam’s Bintradural^ segment [23] would corre-
spond to the full C4-Bsupraclinoid^ segments of the Gibo-
Lenkey-Rothon classification [15].

Some authors have tried to find a common nomenclature
for the intracranial and endonasal approaches [9, 26].
Furthermore, the existence of a paratrigeminal Bprecavernous
segment,^ a transitional segment between the C3 and C4
Bouthillier’s classification, has been proposed. The medial
aspect of such Bprecavernous^ ICA would correspond with
the Bparaclival^ ICA [26].

Altogether, an universally accepted classification providing
a common nomenclature that enables communication be-
tween different disciplines, such as neurosurgery and neuro-
radiology, remains elusive.

Clinical implications

One of the main goals of 3-D reconstructions of the course of
the internal carotid artery is to understand how the different
perspectives and the relative positions of the major supply
route of blood to the brain may contribute to enhancing
endovascular or surgical strategies. This understanding has
the potential to improve our spatial interpretations: it opens
up new possibilities in the decision-making process and in the
choice of treatments, and may thus change our daily medical
practice. Indeed, ICA is commonly affected by different and
complex vascular and tumoral lesions.

Rupture of the extracranial carotid artery is a rare but poten-
tially dramatic event, although covered stent graftingmay solve
it [3]. Cervical ICA can also be affected by parapharyngeal
space tumors. Either an endoscopic-assisted transoral approach
or transnasal transpterygoid approach may be used to expose
these segments [37]. The parapharyngeal (or Bcervical^) ICA
can be identified endoscopically posterolateral to the deepest
aspect of the fossa of Rosenmüller [14, 23]. In case of

Fig. 6 Bouthillier’s classification. a Superolateral view. Petrolingual
ligament (PLL) from the sphenoidal lingula to the petrous portion of the
temporal bone, covering the lacerum segment (C3); C2-petrous segment
(transparent red); C4-cavernous segment (transparent green). b Same per-
spective than image (a). Gasserian ganglion (GG) above the petrolingual
ligament and covering the lacerum segment. c Foramen lacerum from an
exocranial view, where the lacerum segment is seen in dark green (C3,
arrow). C1-cervical segment (magenta) is also seen before getting inside
the skull. d Posterior view. Proximal and distal dural rings (red circle),
surrounding the clinoid segment of this classification. C4-cavernous seg-
ment (green); C5-clinoid segment (blue); C6-ophthalmic segment
(orange); C7-communicating segment (dark blue). OphA ophthalmic ar-
tery, PComA posterior communicating artery, AChA anterior choroid ar-
tery, ACA anterior cerebral artery, MCA middle cerebral artery

Fig. 7 Endoscopic classification: transparent skull (anterior view). Pph
parapharyngeal segment (purple), Ptr petrous segment (red), Pcl
paraclival segment (dark green), Psll parasellar segment (green), Pcl
paraclinoid segment (blue), Intrd intradural segment (orange)

Neurosurg Rev (2020) 43:473–482478
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retropharyngeal displacements or infiltration by tumors,
transoral robotic surgery has also provided promising results
[17]. The transcervical approach is used in many cases of
craniocervical paragangliomas of glomus jugulare, glomus
tympanicum, and carotid body tumors in which the study of
the ICA’s anatomy is crucial to achieve a complete, incident-
free tumor resection [31].

The petrous carotid artery must be exposed in four situa-
tions: aneurysms, tumors, atherosclerosis, and traumatic inju-
ries. Revascularization techniques [40] have been described
for treating aneurysms in the cervical and petrous segments of
the ICA. Bypass techniques from cervical to petrous segments
and also from middle meningeal artery to petrous segment
have been studied for the management of high cervical vas-
cular lesions and infratemporal fossa tumors invading the
ICA. A thorough knowledge of the anatomy of the petrous
segment of the ICA and its bony relationships could be helpful
in many skull base approaches, such as the Kawase middle
approach [21], when treating vascular lesions of the ICA or
malignant tumors invading the skull base. Knowledge of the
location of the Eustachian tube in relation to the petrous seg-
ment of the ICA is crucial when drilling the Glasscock triangle
[16], in order to avoid cerebrospinal fluid rhinorrhea. The
main risk of performing surgery in the nasopharynx is the
potentially mortal rupture of the parapharyngeal or petrous
ICA [14]. The petrous segment [39] and the angulation of its
bends is variable [42, 43] and may receive collateral blood
flow from the external carotid artery during ICA occlusion
[22]. Twenty-five percent of cases may show a dehiscent bony
roof of the horizontal petrous carotid canal that may facilitate
exposure of the vessel in high-flow bypass procedures, with
complete graft intracranial protection, avoiding the need for
surgical neck exposure [36].

The lacerum segment has gained greater clinical signifi-
cance because it is frequently exposed in surgical procedures,
such as those involving both endoscopic endonasal and trans-
facial approaches exposing Meckel’s cave [2, 38]. The recent
definition of the Bprecavernous ICA^ suggests a Bsafe door^
for lesions in Meckel’s cave, cavernous sinus, and petrous
apex [26].

Nevertheless, through the endoscopic perspective, either
the lacerum segment or the first part of the intracavernous
ICA are considered together in the Bparaclival^ ICA. A fifth
Bposteroinferior^ venous compartment within the cavernous
sinus is described from that perspective, which can be en-
larged by tumors, in addition to the Blateral,^ Bmedial,^
Banterior inferior,^ and Bposterior superior^ compartments
[18], which are divided by the Bparasellar^ segment of the
ICA [23]. Injuries to the ICA cause significant morbidity
and mortality during endoscopic procedures reported to range
from 0 to 3.8% [12]. Furthermore, the ICA is one of the vas-
cular structures that is most exposed during skull base surgery.
The endoscopic ventral perspective of the skull base and the

identification of the different ICA segments is often difficult
depending on the degree of pneumatization of the sphenoid
sinus and the bulging and dehiscence of the ICA itself. Indeed,
as previously stated, the classifications of the transcranial vi-
sion of the ICA do not necessarily corresponds to the ventral
endoscopic endonasal view. Therefore, Kassam’s classifica-
tion represents a noteworthy effort to clarify the relationships
of the ICA as seen from the ventral route. This classification
describes the Bparapharyngeal^ and Bparaclival^ portions of
the ICA thus obtaining a better understanding of these specific
anatomical segments which present notable differences when
compared with the intracranial view [23].

The supraclinoid portion is a common site of intracranial
aneurysms [34] and its branches are frequently stretched or
displaced by intracranial tumors [15]. The most common in-
tracranial ICA aneurysms (accounting for approximately
35%) occur at four sites: the upper surface at the origin of
the ophthalmic artery, the posterior wall at the origin of
PComA, the posterior wall at the origin of the AChA, and at
the apex of the bifurcation [15]. Among these localizations,
the Bknee^ of the ICA, already recognized angiographically
by Fischer [13], was definitively described when cavernous
sinus surgery was developed [29] and this is a critical segment
for the exposure of aneurysms of the ophthalmic segment. The
supraclinoid portion is also exposed during most operations
on tumors of the sphenoid ridge, anterior and middle cranial
fossae, and sellar regions but these branches are only rarely
sacrificed in removing the tumors. The different ways of ex-
posing each of the supraclinoid branches, removing the ante-
rior clinoid process and incising the falciform process to facil-
itate the exposure of the ophthalmic artery, the inspection of
the PCoA through the triangular space between the optic
nerve, the ICA and ACA, or opening the medial part of
the Sylvian fissure below the anterior perforated substance
to expose the choroidal segment, have extensively been
described [15].

3D reconstructions and 3D-PDF models

Currently, there are sophisticated software applications that
make possible to visualize, manipulate, and post-process med-
ical images. Some of those tools are Free Open Source Code
such as OsiriX (www.osirix-viewer.com) or 3D Slicer (www.
slicer.org). The radiological equipments use also to include
specific 3D software such as VITREA2 (Toshiba medical
systems, Ōtawara, Japan) and AW VolumeShare 5 (General
Electric, Fairfield, USA) that allow individualized 3D
reconstructions [28]. These tools may allow to simulate a
specific environment previously to a concrete surgery. Some
experiences in pre-operative 3D reconstruction from RM or
CT have recently been described [10, 11, 44].

Furthermore, the 3-Dmodels obtained from cross-sectional
images can be embedded in PDF files, making them a
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powerful tool for clinical, educational, and research purposes
[30]. The 3D-PDF files run under Acrobat Reader (XI or su-
perior) in desktop computers and Windows 10 tablets but not
in other tablets, smartphones, or Lynux systems, for the mo-
ment. Based on this extensive experience, we are confident
that our interactive 3D-PDF prototypes of the ICA classi-
fications provide a significant opportunity to improve the
comprehension of the neuroanatomical relations of the ar-
tery and related vascular diseases, especially in the field of
neurosurgery and neuroradiology.

Conclusion

The present study provides the comparison of several major
classifications of the ICA segments with the aid of an interac-
tive and universally available 3D-PDF tool based on high-
resolution angiography data to provide a new and deep ap-
proach to the knowledge of the neuroanatomy of the ICA and
surrounding structures.
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