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A SIMPLE AND PRACTICAL APPROACH TO UNDERSTANDING THE
EXTRADURAL CAROTID SEGMENTS RELATED TO BOTH OPEN AND
ENDOSCOPIC SKULL BASE

Background: The understanding of the carotid anatomy is critical while operating within the cranial base. The
internal carotid artery takes a complex course as it enters the cranium and travels a length extra-durally from
inferio-lateral to superior-medial direction. Along its path, the carotid takes sharp turns and forms intimate
relationships with bony and nervous structures, that serve as important landmarks in identifying the carotid
segments. Many classifications have been proposed till date which have divided the carotid based on angiographic,
cadaveric and endoscopic views. In this article, however, we proposed a simplified model to achieve a better
understanding and correlation of the carotid segments to skull base structures.

Methods: This model is based on the cadaveric and intra-operative findings during skull base dissections, and
serves important for both, open and endoscopic skull base views, with the later being commonly used in routine
procedures as a minimally invasive intervention via endonasal approach.

Results: This model distinguishes the orientation of the carotid segments into horizontal and vertical planes, each
corresponding to even and odd segments respectively. Based on the results of the observation, the nomenclature
is retrograde to the carotid flow, that is, the C2 (intradural) segment is most superior, anterior and medial and
C7 (para-pharyngeal) most inferior, posterior and lateral.

Conclusion: The understanding of carotid is very important in microsurgical and endoscopic skull base procedures.
A simplified model serves important to correlate the relationship of the carotid throughout its extradural course
in the skull base. It should be noted that variations among individuals occurs and this understanding will help
preserve the carotid during complex open and endoscopic surgical procedures.
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Introduction angiography [2], cadaveric neuroanatomy [3,4], and
vertical endoscopicviews [5].In this article, the authors
propose a very simple model based on the fact that
odd segments are vertical and even segments are
horizontal - minor modification of the classification
proposed by Professor Fukushima [6]. This learning
model is based on the author’s observations in more

than 50 human cadaver skull base dissections.

The study of the internal carotid artery is crucial
to learning skull base surgery. Providing two-thirds
of the cerebral circulation, the internal carotid artery
follows a tortuous course as it ascends from the
bifurcation of the common carotid in the neck, into
the cranium, running extra-durally along the two sides
of the cranial base, until it reaches the distal dural

ring. From here, the internal carotid artery follows an
intra-dural course. Throughout its course, the internal
carotid artery takes sharp turns at almost right angles
to its segments [1], illustrating a relationship to
adjacent bony and neurovascular structures of the
skull base. These anatomical landmarks help identify
each segment, as well as its spatial position in the
skull base.

Over the years, many classifications have been
proposed by dividing the carotid in segments,
some simpler than others depending on the utility
they pursue. These classifications are based on
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The carotid segments - open skull base

In order to better understand the carotid
anatomy, a two-dimensional model is used, assigning
only vertical and horizontal orientations. Based on
these orientations, we divide the internal carotid in
7 segments listed in the direction contrary to the
blood flow, that is, starting from distal to proximal.
Again the thing to remember would be that all
vertical segments correspond to odd numbers
and all horizontal segments correspond to even
numbers. Each segment is named in accordance to
its relationship with an adjacent structure as seen in
Figure 1.
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Figure 1 — Nomenclature of carotid segments with relation to adjacent structures.
The horizontal and vertical orientation of even and odd segments can be seen

The extradural internal carotid can be hence The cervical segment ascends from the base of
classified into the following segments: the neck up to the carotid canal. During this course,
C7:Cervical Segment or para-pharyngeal segment,  the majority of C7 runs extracranially, giving off no
C6: Petrosal segment, branches. Upon entering the carotid canal, the distal
C5: Paraclival Segment, part of C7 makes a sharp 90° turn anteromedially to
C4: Cavernous horizontal segment, form the C6 or the intraosseous petrosal segment.
C3: Paraclinoid or Parasellar segment and The Cochlea serves as an important landmark to
C2: intradural segment. predict the location of the carotid curve from C7 to
C7 - Cervical or Para-phayryngeal Segment CO (it is posterior and lateral to this curve) (Figure
(Vertical): 2). However, care must be taken while exposing the

cochlea during petrosectomy to avoid hearing loss

[7].
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Figure 2 — The extradural course of Internal Carotid in relation to the adjacent structures. Note the close relationship of
the Cochlea posterolateral to the Carotid Curve from C7 to C6.

ACP: Anterior Clinoid Process; CL: Clivus; CN 3: Occulomotor Nerve; CN 4: Trochlear Nerve; CS: Cavernous Sinus; ET:
Eustachian Tube; GSPN: Greater Superior Petrosal Nerve; PCP: Posterior Clinoid Process; V1: Ophthalmic division of
Trigeminal Nerve; V2: Maxillary division of Trigeminal Nerve; V3: Mandibular Division of Trigeminal Nerve

C6 - Petrosal Segment (Horizontal):

All of the C6 segment is intraosseous, within the
petrosal bone. The greater superior petrosal nerve
lies almost over the C6 carotid segment and can
predict the course of the internal carotid at this level.
Lateral to the C6 carotid if one drills into the temporal
bone, the Eustachian tube is encountered.

The petrolingual ligament lies at the foramen
lacerum, which marks the terminal part of the
C6 segment and the proximal part of C5 segment
which courses horizontally along the sides of the
top third of clivus (Figure 3). Hence, the petrolingual

ligament is an important landmark and is easy to
identify as seen in Figure 3. The Gasserian ganglion
lies lateral to petrolingual ligament and the proximal
C5 segment and anterolateral to C6 segment.
Throughout its course within the petrous bone, the
C6 segment gives off the branch of the Vidian artery
forming an ECA-ICA anastomosis within the Vidian
canal [8]. The vidian canal and nerve are important
landmarks during endoscopic surgery in accessing the
anterior portion of the petrous carotid, anteromedial
part of the cavernous sinus, and petrous apex [9].
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Figure 3 — The Petrolingual ligament in relation to C6 and C5 segments.
(Image Courtesy: The Rhoton Collection)

Figure 4 — The course of C5 along the clivus (CL), terminating at the Posterior Clinoid (PC) to continue as the C4 segment.
The Optic Strut (OS) lies in close proximity to the C3 segment after which the extradural carotid
ends its course and enters the intradural space forming C2 segment.

(Image Courtesy: The Rhoton Collection)

C5 - Para-clival Segment (Vertical):

The small proximal part of C5 segment is within
the petrosal bone (more specifically in the foramen
lacerum), however, it lies in a close relationship
with the clivus and the dorsum sellae (Figure 4).
This segment does not give off any branches and

terminates at the Posterior clinoid process to take
a horizontal turn forming the horizontal cavernous
segment (C4).

C4 - Cavernous Segment (Horizontal):

The proximal part of C4 is related to the posterior
clinoid process. The C4 segment travels horizontally
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along the roof of the Cavernous sinus forming
important relationships with adjacent structures and
grooves the body of the sphenoid, where it is related
laterally to the abducens nerve. The Cavernous Sinus

completely covers the C4 segment, the distal part of
C5 and the proximal part of C3 (Figure 5). Likewise, the
cavernous sinus covers part of the cranial nerves III,
IV, V1, V2 and part of the Gasserian ganglion [10,11].

Figure 5 — Cavernous Sinus (CS) in relation to C5, C4 and C3 Segments.
ACP: Anterior Clinoid Process; CL: Clivus; CN 3: Occulomotor Nerve; CN 4: Trochlear Nerve; GSPN:
Greater Superior Petrosal Nerve; PCP: Posterior Clinoid Process; V1: Ophthalmic division of Trigeminal Nerve; V2:
Maxillary division of Trigeminal Nerve; V3: Mandibular Division of Trigeminal Nerve

C4 segment lies anterolateral to the first branch
of the trigeminal nerve (V1). Together, they form
the boundary of the Parkinson'’s triangle [12]. If one
opens the space between the cranial 4 and V1, they
can access the top of C5 and its junction with the
C4 segment and the meningohypophyseal trunk
which arises from the top of C5. Also if one laterally
displaces the V1, one can visualize the sixth cranial
nerve which runs in intimate relationship with the
C4 segment. The most proximal part of C4 segment
and the C3 segment is in relation to Cranial nerves III
and IV. The C4 C5 junction usually contributes to the
meningo-hypophyseal trunk.

C3 - Clinoidal or Para-sellar Segment (Vertical):

Closely related to the inferolateral parts of the
anterior clinoid process, the clinoidal or para-selar
segment; like the C4 segment, is covered completely
by the cavernous sinus. Here, it forms important
relations to the ophthalmic division of the trigeminal
nerve at the proximal end and the third and fourth
cranial nerves at the distal end. The C3 segment is
practically delimited by the proximal and distal dural
rings after which it enters the dura to form the intra-
dural part (Figure 6). The carotid cave is an intradural
pouch, found in the paraclinoid area between the
distal and the proximal dural ring [13].
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Figure 6 — Transition of Extradural Carotid (C3) into Intradural (C2). The Proximal dural ring (PDR)
and the Distal Dural Ring (DDR) delimit the C3 segment.
(Image Courtesy: The Rhoton Collection)

C2 - intra-dural segment (Horizontal):

The terminal part of the extradural carotid is the
C2 or the intradural segment. This is formed after the
CS segment exits the distal dural ring, and the carotid
takes a sharp horizontal turn to enter the dura. The
C2 lies in close proximity to the optic nerve and forms
an important window to reach the basal cisterns after

the complete removal of the anterior clinoid process.
The C2 then divides into anterior and middle cerebral
arteries supplying the structures of the brain.

Once a true understanding of the carotid
segments and their orientation is achieved, one can
easily visualize the course of carotid on a microscopic
field as shown in Figures 7 and 8:

Figure 7 — Overview of the extradural carotid course. It is easy to map the schematic proposal (lower right image) onto
the real dissection image (top). Notice the Infratrochlear (Parkinson’s) triangle (yellow)
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Figure 8 — Overview of the extradural carotid course (Image Courtesy: The Rhoton Collection)

Endoscopic skull base and the carotid artery

The frequent use of an Endoscopic Endonasal
Approach (EEA) in skull base surgery warrants the
study of the carotid segments. EEAs provide access
to the ICA from its cavernous to the parapharyngeal
segments [5,14]. An endoscopic view just turns the
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Figure 9 — Endoscopic view of the extradural

perspective to another 90 degrees from a lateral to
the front. The carotid system is now looked at from
the front.

Therefore, it is only common sense that the ver-
tical segments would be more easily seen and these
are actually the named segments in endoscopic anat-

carotid as seen through an endonasal approach.

Note the orientation of the horizontal and vertical segments
(Image Courtesy: The Rhoton Collection)
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The most anterior and the superior one would be
the vertical C3 which is the parasellar segment, the
top of which is the paraclinoidal segment. Slightly
posterior and inferior would be the C5 segment which
is the paraclival segment and laterally one can find the
vertical C7 segment with infra laceral drilling using a
transpterygoid approach. The C4 and C6 segments

ON

are "end on view" for the endoscopic surgeon and
they can be made out because both segments have
a lateral curvature.

In another common view, the C3 (parasellar) and
C5 (paraclival) carotid can be visualized related to the
sella and the clivus as shown in Figure 10:

Figure 10 - C3 and C5 segments in relation to the sella and clivus respectively

Conclusion:

The tortuous course by the carotid artery and
its intimate extradural relationship to the skull base
structures makes it crucial to fully understand it.
This simple method will help young neurosurgeons
to identify the carotid segments with respect
to horizontal and vertical planes and important

landmarks, that will be helpful to perform complex
microsurgical procedures preventing damage to the
internal carotid artery. It should, however be noted
that anatomical variants do exist between patients
and care has to be taken to identify and respect the
variant anatomy for best surgical results.
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A. HepuaH, X. bypxaH
Hobesnb HelipofelnbiM uHcmumymel, Hobesnb MeduyuHaelK konneodxi MeH oKy aypyxaHacel, bupamuazap .,
Henan

BACCYMEK HEF3IHAEI ALUbIK, Y)XOHE 3HA0CKOMUANBIK XUPYPIUS
KE3IHAEI SKCTPAAYPANAbIK, KYPETAMbIP CEFTMEHTTEPIH TYCIHY YLUIH
OHAW 9PI KO/IANJIbl TOCI

Kipicne: ¥liKbl KypeTambIpbIHbIH aHaTOMUACLIH TYCiHYy Haccyek Heri3iHe XMpyprus >kacay KesiHAe LueLuyLui
MaHre ue. IKi yMKbl KypeTamMbipbl KYPAeni >xongapaaH etesi, cebebi baccyiek KopabbliHaH Kipin, cbipTTai
TOMEHTI-OYIip >XaKTaH Xofapfbl-MeAnanablk, 6afbiTKa Kapal co3blnabl. ©3 XO0NblHAA YINKbl KypeTaMblpbl Kint
BypblabICTap >Kacanabl XXaHe YMKbl KypeTaMblpblHblH, CErMEHTTEPIH aiKblHAAyAa MaHbI3zbl Henrinep 6oabin
TabblNaTbiH CyNeK >XaHe XYIMKe KypblibIMAAPbIMEH Thifbl3 KapbIM-KaTblHacka Tycegi. Ocbl yakbITka AeWiH yrKbl
KYPeTaMbIpbIH aHrMorpadusnbik, MamiTTiK XXaHe IHAOCKOMUA/bIK KECKIHAEP Heri3iHAe KapacTblpaTblH KenTereH
XikTemenep ycbiHbIAbL Analiga 6yn Makanaga 6i3 yikbl KypeTamblpbl CErMeHTTepiHIH Haccyiek HeriziMeH
KOpPenaumsacbiH >XaKcblpak TYCiHY YLUIH KapanalribiM YATiHi YCbiHaMBbI3.

Oaictep: byn yari baccymek HerisiHiH MAWITTIK XoHe WHTpaonepauusablk MaTepuangapbiHa Herisgenesi
KaHe Haccymek Heri3iHiH, allblkK XXaHe 3HAOCKOMNUAbIK XUPYPrusacbiHAa KongaHbinagbl. byn peTTe, aHgockonm-
ANbIK 94iC IHAOHA3aNAbIK XXOJMEH >XacanaTblH MUHUMaNAbl MHBA3UANBIK XMPYPIUsa PeTiHAe KYHAENIKTI Konaa-
Hbl1abl.

Hatmxenep: byn yari yikbl cerMeHTTEPIHIH KONAEHEH >XaHe TiK Xa3biKTbikTapaa bafgapiaHybiH kepce-
Tesi, ONapAblH, SPKaANChICHI TUICIHLLE XYM XaHe TaK CerMeHTTepre cal kenegi. bakblnay HaTuXXenepiHe calikec
HOMeHKaTypa yiKbl KypeTaMblpbiHa KaTbICTbl Kepi MaHre ne, afHu C2 (MHTpajypansbl) CErMEHT eH KOFapFbl,
aNAbIHFbl XXoHe Meamnangbik, an C7 (napadapuHreansbl) eH TOMEHTI, apTKbl XaHe ByRipaik 60/1bin Tabblnagbl.
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KopbITbiHABI: YiKbl KypeTamblpblHbIH aHaTOMUACLIH Biny Haccyiek HerisiHe MUKPOXMPYPIUsbIK KoHe
3HAOCKONUANBIK MpoLesypanap >acay KesiHZe aca MaHbl3abl. byn KapanarbiM yAri yiKbl KypeTaMblpbIHbIH,
baccyiiek HeriziHaeri CblpTTali XOoNbIHbIH 6ap/iblk 6OMbIHAaFbl BaliNaHbICTapbiHbIH, KOPPENALUsaCbIHAA MaHbl3-
Abl penre ve. Ajamaapaa anpMallblibiKTap Ke34eceTiHAIMNH atan eTKeH XXOH XaHe MyHbl TYCiHY Kypaeni aLbik,
SKOHEe 3HAOCKOMUABIK XUPYPrUsblK MpoLesypanap KesiHae yVKbl KypeTaMblpbliHa 3aKbIM KENTipYAiH, anjbiH
anyfa kemekreces,.

Herisri ce3pgep: iLKi yliKbl KypeTaMblpbl, MUKPOXUPYPrus, 6accymek Herisi aHaTOMMUSAChI, 3HAOCKOMUA/bIK
XNpyprus, LepebpoBackynsapabiK XMPyprus.

A. YepuaH, X. bypxax
Hobenesckuli uHcmumym HelipoHayk, Hobenesckuli meduyuHckuli ko1e0x u y4yebHas 6016HUYA,
2. bupamnazap, Henan

MPOCTOM M MPAKTUYHbIA CNOCOB A1 OPUEHTUPOBAHUA
B SKCTPAZYPA/IbHOM CEFTMEHTE COHHbIX APTEPUIA MPU OTKPbITON
N 3HA,0CKOMUYECKON XUPYPTMN OCHOBAHMA YEPENA

BeepeHue: [oHVMaHMe aHaTOMWM COHHOW apTepun MMeET peLLatoLLee 3HaYeHWe Npu XMpPYpPrm OCHOBaH WS
yepena. BHyTpeHHAs cOHHas apTepusa NPOXOAUT CIOXKHbIN MyTb, MOCKObKY OHa BXOAMWT B YeperHyr KOpobKy
1 NepemMeLLaeTcs 3KCTpasypasbHO OT HUXKHE-OOKOBOro K BepXHe-MeAnanbHOMY HanpaBaeHuto. Ha ceoem nyTu
COHHas apTepus COBepLUaeT KPyTble MOBOPOTLI M 06pa3yeT TeCHble CBA3WN C KOCTHbIMU N HEPBHbBIMUW CTPYKTY-
pamu, KOTopble Cy>XaT BaXKHbIMU OPUEHTUPAMU MPU BbIABIEHWUM CETMEHTOB COHHOM apTepun. [lo HacTosLero
BPeMeHU 6bl10 MPeANOXEHO MHOTO KaaccudurKaLMii, KOTOPbIe BbIAENSAN COHHYHO apTepUio Ha OCHOBE aHru-
orpadunyeckoro, TPYNHOro 1 3HJ0CKONMYEeCKoro nsobpaxkeHuii. OfHaKo B 3TOM CTaTbe Mbl MPEAIOXUAN YNPO-
LLEHHYIO MOZE/b ANS NyULIero NoOHUMaHWs 1 KOPPenauum CerMeHTOB COHHOW apTepun C OCHOBaHMEM Yepena.

MeToabl: 3Ta MOZeNb OCHOBaHa Ha TPYMHbIX M MHTPaAonepaunoHHbIX MaTepuanax OCHOBaHMA 4vepena
M NPYMEHNMa Kak A5 OTKPbITOro, Tak W ANs SHAOCKOMMYECKOTO JOCTYMNOB. DHAOCKOMNUYECKUI MeTO 0ObIYHO
NCMOJIb3yeTCA PYTUHHO B KaYeCTBe MUHMMAaJIbHO MHBA3MBHOIO BMeLLaTENbCTBA NPW SHAOHAa3a/bHOM AOCTyre.

Pesynbratbl: [peanoxeHHas MoAesb OTOHpaxkaeT OPUEHTALMIO COHHbIX CErMEHTOB B FOPU3OHTa/IbHOM
N BEPTMKaNbHON MAOCKOCTAX, KaXAas M3 KOTOPbIX COOTBETCTBYET YETHbIM W HEYETHbIM CerMeHTam COOTBET-
ctBeHHO. CornacHo pesy/nbTatam HabatoZeHWs, HOMeHKAaTypa peTporpazHa no OTHOLIEHUIO K COHHOW apTe-
pun, To ectb C2 (MHTpPaAypanbHbIN) CErMEHT ABAAETCA Hanbosiee BEPXHUM, NepesHUM U MeananbHbiM, a C7 (na-
padapuHreanbHbli) Hanbonee HUXKHWM, 3a4HNUM 1 BOKOBbIM.

BbiBoA: 3HaHVe aHaTOMWUW COHHOW apTepun OYeHb BaXKHO NPU MUKPOXMPYPTrMUYECKUX U IHAOCKOMUYECKMX
npoueAypax Ha OCHOBaHWM Yepena. YNpoLLleHHas MOAeNb UrpaeT BaxkHY PO/b B KOPPEeNAaLnmn B3avMOCBA3En
COHHOW apTepuun Ha BCEM MPOTAXKEHWWN ee 3KCTPasypasbHOrO Xo4a B OCHOBaHUK yYepena. CneayeT OTMETUTD,
UTO PasNNUMA Yy NHOLE BCTPEYArOTCA, U 3TO MOHUMAaHME NMOMOXKET n3bexaTb NOBPEeXAEHUA COHHOM apTepum
BO BPEMSA CIOXHbIX OTKPbITbIX M SHAOCKOMUYECKUX XMPYPIrMYEeCcKnX NpoLesypax.

KntoueBble cnoBa: BHyTpeHHAA COHHaa apTepusa, MUKPOXMPYPInM, aHaTOMUSA OCHOBaHUA Yepena, 3HAO-
cKonmueckas xmpyprus, LepebpoBackyasipHas XMpyprus.



