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A surge in the use of endoscopy during skull base 
surgery, especially for transsphenoidal pituitary 
surgery, along with increases in the number of 

anatomical studies, neurophysiological monitoring, col-
laboration between skull base surgeons, and technological 
advances, has contributed to the development of extended 
endoscopic endonasal approaches (EEAs).3–5,30–32 These 
extended techniques provide appropriate exposure of the 
lesion with minimal manipulation of the brain, blood ves-
sels, and cranial nerves. Early promising outcomes have 
increased the number of indications for EEAs in the man-
agement of lesions involving the ventral skull base, thereby 
becoming an alternative to traditional transcranial and cra-

niofacial approaches in select patients. The introduction of 
EEAs combined with the development of the nasoseptal 
flap closure technique has resulted in decreased surgical 
morbidity and dramatically reduced postoperative cerebro-
spinal fluid (CSF) leaks.9,13,19,23–26,30,31,39

Meckel’s cave, also known as the “trigeminal cave,” is 
a diverticulum in the middle cranial fossa, formed by the 
splitting of the 2 layers of the dura mater.25,36 The limits 
of Meckel’s cave are formed by the meningeal layer of 
the dura mater that covers the middle fossa superolater-
ally and by the periosteal layer in the temporal fossa and 
petrous carotid canal inferomedially.21,25,38,42

Several transcranial techniques have been described 
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OBJECTIVE The aim of this study was to evaluate the anatomical variations of the internal carotid artery (ICA) in rela-
tion to the quadrangular space (QS) and to propose a classification system based on the results.
METHODS A total of 44 human cadaveric specimens were dissected endonasally under direct endoscopic visualization. 
During the dissection, the anatomical variations of the ICA and their relationship with the QS were noted.
RESULTS The space between the paraclival ICAs (i.e., intercarotid space) can be classified as 1 of 3 different shapes 
(i.e., trapezoid, square, or hourglass) based on the trajectory of the ICAs. The ICA trajectories also directly influence the 
volumetric area of the QS. Based on its geometry, the QS was classified as one of the following: 1) Type A has the small-
est QS area and is associated with a trapezoid intercarotid space, 2) Type B corresponds to the expected QS area (not 
minimized or enlarged) and is associated with a square intercarotid space, and 3) Type C has the largest QS area and is 
associated with an hourglass intercarotid space.
CONCLUSIONS The different trajectories of the ICAs can modify the area of the QS and may be an essential param-
eter to consider for preoperative planning and defining the most appropriate corridor to reach Meckel’s cave. In addition, 
ICA trajectories should be considered prior to surgery to avoid injuring the vessels.
https://thejns.org/doi/abs/10.3171/2016.10.JNS16381

KEY WORDS quadrangular space; Meckel’s cave; internal carotid artery; cavernous sinus; endoscopic; endonasal; 
skull base; anatomy

J Neurosurg Volume 128 • January 2018174 ©AANS 2018, except where prohibited by US copyright law

Unauthenticated | Downloaded 05/23/23 11:15 PM UTC



ICA variations and the different morphology of Meckel’s cave

J Neurosurg Volume 128 • January 2018 175

to access lesions in this region. These approaches can be 
divided into 3 major groups: anterolateral, posterolateral, 
and lateral.21,35,36,38,40,42 Unfortunately, all transcranial ap-
proaches present a similar limitation; they fail to provide 
access to the anteromedial aspect of Meckel’s cave, which 
is guarded by the trigeminal nerve when coming from a 
lateral approach. They also have the potential for morbid-
ity related to the retraction and manipulation of brain tis-
sue, important vessels, and cranial nerves that are present 
within the surgical corridor.25 Therefore, developing alter-
natives to the classic transcranial approaches to Meckel’s 
cave is desirable. This region can be affected by several 
pathologies; however, the most common are schwannomas 
of the trigeminal nerve and meningiomas.27,41,43 Less com-
mon lesions include chordomas, chondrosarcomas, epi-
dermoid cysts, and sinonasal malignancies.11,15,18,43,44

In 2009, Kassam et al. described an EEA that provides 
a direct route to the anteromedial region of Meckel’s 
cave.25 The main advantage of this technique lies in fa-
cilitation of the dissection between the trigeminal nerve 
and the periosteal layer of the dura mater, allowing access 
to lesions in the anteromedial portion of Meckel’s cave. 
Kassam and colleagues demonstrated that rates of mor-
bidity associated with this approach are satisfactorily low. 
Access is achieved through the quadrangular space (QS), 
which was named the “front door of Meckel’s cave.”25 En-
try into this space is limited medially and inferiorly by the 
internal carotid artery (ICA). Therefore, this technique, in 
combination with transcranial approaches, gives the skull 
base surgeon the potential to access 360° of Meckel’s 
cave.

Injury to the ICA is one of the most disastrous compli-
cations that can occur during microscopic transsphenoi-
dal surgery or EEAs.12,16 An ICA injury can lead to death, 
postoperative pseudoaneurysm or mycotic aneurysm, va-
sospasm, vascular occlusion, or carotid-cavernous fistula. 
The rate of ICA injury by novice surgeons varies from 
0.4% to 1.4%, but rates of injury to the parasellar segment 
of the ICA have been reported to be as high as 3.8%.7,8,29 
To avoid this complication, a thorough knowledge of ICA 
anatomy is mandatory.

Widely used classification schemes for ICA anatomy, 
such as those proposed by Gibo et al.,17 Rhoton,33,34 and 
Bouthillier et al.,2 are more useful when employing a clas-
sic transcranial microscopic approach. However, when us-
ing an EEA, the surgeon has a different ventral perspective 
of the ICA and adjacent regions. Optical characteristics 
of the endoscope, including its bidimensional view and 
barrel-type distortions, add further challenges to master-
ing this anatomy. Descriptions of ICA anatomy based on 
the endoscopic endonasal view have come to light only 
recently.1,10,14,20,29 Different anatomical presentations of the 
ICA, especially those of the paraclival and parasellar seg-
ments, may alter the QS geometry and increase the risk for 
an ICA injury during an approach to Meckel’s cave. There-
fore, a better understanding of ICA anatomical variations 
and their relationship with the QS is mandatory.

Methods
This study received an institutional review board ex-

emption, as dissections were performed on de-identified 
cadaveric specimens. However, the Anatomy Laboratory 
Toward Visuospatial Surgical Innovations in Otolaryn-
gology and Neurosurgery (ALT-VISION) at the Wexner 
Medical Center at The Ohio State University and its re-
searchers are certified by regulatory agencies in dealing 
with the use of human tissues and cadaveric studies.

Forty-four fresh human cadaveric specimens (88 sides) 
were prepared with intravascular injection of colored sili-
cone through the ICAs and internal jugular veins.37 The 
specimens were stored in 70% alcohol throughout the du-
ration of the project. Cadaveric specimens were dissected 
via the endoscopic approach bilaterally.

The surgical dissection was performed using paranasal 
sinus and skull base neurosurgical endoscopic instruments 
(Karl Storz Endoscopy) and a combination of straight 
high-speed drills (Stryker Corp.) and angled-handpiece 
high-speed drills (Medtronic), both with coarse diamond 
cutting burs. All dissections were performed using a pure 
EEA with a 0°, 30°, and 45° rod-lens endoscope coupled 
to a high-definition camera and monitor (Karl Storz En-
doscopy).

In all specimens, dissection of the ICA was performed 
bilaterally, extending from the first genu (petrous portion 
of the ICA) to the clinoid segment of the ICA (i.e., includ-
ing the segments associated with the QS and the cavern-
ous sinus; Figs. 1 and 2). The shape and course of the ICA 
in this portion were documented, and its relationship with 
the QS was analyzed. This information was used to dem-
onstrate how variations in the ICA trajectory altered the 
QS area and geometry.

Our study used the ICA angle classification scheme 
proposed by Cebula et al.,6 which categorizes the angle 
between the parasellar and paraclival segments of the ICA 
into 4 types: < 80° (Type I), 80°–100° (Type II), > 100° 
(Type III), and asymmetrical (Type IV). All analyses and 
measurements were performed using Adobe Acrobat Pro 
software (version 11.0).

Results
ICA Angle Measurements

Forty-four cadaveric specimens (88 sides) were ana-
lyzed using the aforementioned classification scheme in-
troduced by Cebula et al.,6 which is based on the size of 
the angle formed by the paraclival and parasellar segments 
of the ICA (Fig. 3B).

Intercarotid Space
We classified the space between the paraclival segments 

of the left and right ICA as 1 of 3 shapes, namely trapezoid, 
square, or hourglass (Fig. 3). Each ICA was analyzed sepa-
rately, allowing us to define which type of ICA angle varia-
tion is more frequent for each particular intercarotid space 
shape (Table 1 and Figs. 4 and 5).

Relationship Between ICA Measurement Angles and 
Intercarotid Space

Each ICA was analyzed individually since Type IV 
ICAs can exhibit a different angle on each side. The trap-
ezoid shape was found in 15 cadaveric specimens (30 
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ICAs), the square shape was found in 16 (32 ICAs), and 
the hourglass shape was found in 13 (26 ICAs; Table 1 
and Fig. 5).

A total of 29 Type I angles were analyzed individually. 
In 11 cadaveric specimens, the angle between the para-
clival and parasellar segments of the ICA was found to be 
less than 50°; in these cases, it was not possible to visual-
ize the proximal segment of the abducens nerve (cranial 

nerve [CN] VI, located at the superior border of the QS), 
as it was situated below the parasellar segment of the ICA. 
In the remaining 18 cases, the angle was between 50° and 
80°, allowing visualization of the entire pathway of CN VI.

QS Classification
The relationship between shape of the intercarotid 

space (trapezoid, square, or hourglass) and QS area was 

FIG. 1. EEA with a 0° endoscope (A, B, and C) and 30° endoscope (D, E, and F) showing the stepwise cadaveric dissection of the 
pterygopalatine fossa and cavernous sinus. A: Essential landmarks in an endoscopic endonasal skull base surgery are identified. 
This dissection was performed through a wide antrostomy exposing the posterior wall of the maxillary sinus; behind the bone it is 
possible to visualize the right infraorbital artery and its corresponding nerve going upward toward the right orbit. Superiorly and 
posteriorly, the lamina papyracea can be identified. Medially and superiorly to the lamina papyracea, located in the midline, is the 
cribriform plate, a critical structure in the surgical dissection to reach the anterior fossa. Inferiorly and posteriorly to the cribriform 
plate, also in the midline, 2 essential landmarks can be visualized: the sella and the clivus. B: Using a ball probe, we performed 
a dissection between the mucosa and the bone to expose the sphenopalatine foramen; this is a key landmark to identify since it 
contains the nasoseptal artery that provides blood supply to the nasoseptal flap, which has revolutionized endoscopic endonasal 
skull base surgery. Inferiorly and medially to the sphenopalatine foramen, the eustachian tube is located. C: A closer view of the 
sphenopalatine foramen and infraorbital nerve and its corresponding artery in the posterior wall of the maxillary sinus. D: The 
bone from the posterior wall of the maxillary sinus was removed to give access to the pterygopalatine fossa. The first identifiable 
layer is the periosteum. E: The bone and periosteum were removed to visualize some branches of the maxillary artery located in 
the pterygopalatine fossa. Lateral to the pterygopalatine fossa is the infratemporal fossa. The major terminal branch of the external 
carotid arteries is the maxillary artery that will give several branches; the most important one for skull base surgeons is the sphe-
nopalatine artery. Other branches that can be visualized are the descending palatine artery and the posterior superior alveolar 
artery. Lateral to these structures is the temporal muscle in the infratemporal fossa. In the first plane it is possible to identify the 
arteries and the nerves behind it. In this figure panel we can also see the infraorbital nerve, which is an extension of the maxillary 
nerve after it crosses the foramen rotundum. F: The last step in the dissection of the lateral wall of the cavernous sinus and the 
QS. The vidian nerve was dissected in its entire pathway, starting from the pterygopalatine ganglion, which was removed, and 
ending in the foramen lacerum. On the lateral wall of the cavernous sinus are cranial nerve (CN) III, CNV1, CNV2, and the entire 
course of CNVI. The ICA was exposed from the foramen lacerum to the intracranial segment; therefore, after this dissection we 
can observe all the structures that compose the QS borders. AM = anteromedial; CNIII = oculomotor nerve; CNV1 = ophthalmic 
nerve; CNV2 = maxillary nerve; CNV3 = mandibular nerve; CNVI = abducens nerve; CP = cribriform plate; DPA = descending 
palatine artery; ET = eustachian tube; FR = foramen rotundum; Imax = internal maxillary artery; IOA = infraorbital artery; ION = 
infraorbital nerve; LP = lamina papyracea; pcICA = paraclival segment of ICA; PP = pterygoid process; PS = planum sphenoidale; 
PSAA = posterior superior alveolar artery; psICA = parasellar segment of ICA; PwMS = posterior wall of maxillary sinus; SPA = 
sphenopalatine artery; SPF = sphenopalatine foramen; TM = temporal muscle; VN = vidian nerve.
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FIG. 2. Detailed 0° (A, B, and F) and 30° (C, D, and E) endoscopic views of the QS and surrounding structures. A: The bone on the right and left 
side of the lateral wall of the sphenoid sinus was removed. The dura was removed on the right side, allowing visualization of CNVI and the paraclival 
and parasellar segments of the ICA. On the left side, the dura was kept intact, and the lateral opticocarotid recess is visible superiorly; this is a critical 
landmark to recognize between the optic nerve and ICA; inferiorly, from lateral to medial, it is visualized by the impression of the maxillary strut and 
the maxillary nerve behind the dura. The portion of bone that was preserved in front of the QS, working like a shield to protect it, we named the “QS 
strut.” B: The QS strut was removed. C: With a 30° endoscope, the entire course of the vidian nerve can be seen along the vidian canal. It is possible 
to visualize the lateral recess of the sphenoid sinus, a space between the vidian nerve and the maxillary nerve. The dura around the lateral opticoca-
rotid recess was removed to show the relationship between the parasellar segment of the ICA and the optic nerve. D: With the 30° endoscope, more 
details of the impression of the QS strut in the dura are visible. E: The dura around the paraclival segment of the ICA was removed, allowing a closer 
view of the vidian canal, lateral recess of the sphenoid sinus, and the impression of the maxillary nerve. F: The area around the QS in more detail; the 
sympathetic nerve fibers running with the paraclival segment of the ICA are visible, leaving it to join to the abducens nerve. CNII = optic nerve; iMS = 
impression of maxillary strut; iQSS = impression of QS strut; LOCR = lateral opticocarotid recess; LRSS = lateral recess of sphenoid sinus; QSS = QS 
strut; SF = sympathetic fibers; SS = sphenoid sinus; TS = tuberculum sellae; VC = vidian canal.
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noted during our analysis. Using this information, we pro-
pose the following classification scheme for types of QS. 

Type A: when the shape of the intercarotid space is 
trapezoid, the paraclival to parasellar segments of the ICA 
(proximal to distal) run lateral to medial. In this situa-
tion, the area and shape of the QS becomes narrower and 
shorter.

Type B: when the shape of the intercarotid space is 
square, the paraclival to parasellar segments of the ICA 
(proximal to distal) run straight. In this situation, the shape 
and area of the QS does not present a significant alteration.

Type C: when the intercarotid space has an hourglass 
shape, the paraclival to parasellar segments of the ICA 
(proximal to distal) run medial to lateral. In this situation, 

FIG. 3. Illustrations and anatomical dissection demonstrating the different ICA angles, their relation with the QS, and our proposed 
QS classification scheme. A: Illustration depicting a ventral perspective of an EEA. On the left, note the shadow of the right 
sphenoid bone and its corresponding superior orbital fissure and nerves; the nerves passing through the superior orbital fissure 
from superior to inferior are (in order) the lacrimal nerve, frontal nerve (a branch of the ophthalmic nerve), trochlear nerve (CNIV), 
superior division of the oculomotor nerve (CNIII), nasociliary nerve (a branch of the ophthalmic nerve), inferior division of the 
oculomotor nerve (CNIII), and the abducens nerve (CNVI). Superior to the superior orbital fissure, it is possible to identify the optic 
nerve and ophthalmic artery entering the optic canal. In addition, several anatomical structures and their relations are illustrated 
(superior to inferior); the optic chiasm is located superiorly, and lateral to it is CNII. Inferior to the chiasm is the pituitary stalk, 
which connects to the hypophysis. In the background, inferior to the pituitary gland, the vertebral arteries join themselves to form 
the basilar artery. The petrous, paraclival, parasellar, paraclinoid, and intradural segments of the left ICA are exposed. Lateral to 
the left ICA (superior to inferior) are CNII, CNIII, CNIV, CNV1, CNVI, CNV2, and CNV3. The QS is highlighted in blue. This is an 
area limited medially by the paraclival ICA, inferiorly by the horizontal petrous ICA, laterally by CNV2, and superiorly and obliquely 
by CNVI. B: Illustrations depicting the different types of ICA angle measurements on the right ICA. This classification scheme, 
proposed by Cebula et al., 2014, categorizes the angle between the parasellar and paraclival ICA segments into 1 of 4 types: 
< 80° (Type I), 80°–100° (Type II), > 100° (Type III), and asymmetrical (Type IV). The intercarotid space classification is high-
lighted in green. The intercarotid space is located between the parasellar and paraclival segments of both ICAs and is categorized 
based on its shape. The trapezoid shape is created when the course of the parasellar to paraclival segments of the ICA runs me-
dial to lateral. With this type of intercarotid space, the distance between the ICAs in this trajectory (superior to inferior) widens. The 
square shape is created when the course of the parasellar to paraclival segments of the ICA is straight. The distance between the 
ICAs in this trajectory (superior to inferior) remains the same. The hourglass shape is created when the course of the parasellar to 
paraclival segments of the ICA is lateral to medial. The distance between the ICAs in this trajectory (superior to inferior) narrows. 
Our proposed QS classification is highlighted in blue. The QS is considered to be Type A when the shape of the intercarotid space 
(green) is trapezoid; the area and shape of the QS becomes narrower and shorter. The QS is considered to be Type B when the 
shape of the intercarotid space is square; the shape and area of the QS does not significantly alter. The QS is considered to be 
Type C when the intercarotid space has an hourglass shape; the area and shape of the QS becomes wider and longer. Images of 
cadaveric dissection of the left ICA, performed through an EEA using a 0° endoscope, mimic the illustrations. CNIV = trochlear 
nerve. Illustrations by Anthony Baker. Copyright The Ohio State University. Published with permission. 
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the area and shape of the QS becomes wider and longer 
(Fig. 3B).

Discussion
Several classification schemes describe ICA trajecto-

ries; however, the majority are described in relation to open 
transcranial approaches,2,17,33,34 and only recently have ICA 
classifications focusing on the ventral perspective been 
proposed.1,10,14,20 This study adopted the ICA classification 
system proposed by Labib and colleagues22,28,29 and the 
ICA angle classification created by Cebula et al.6

Measurements of ICA angles in our study (prevalence 
of Type I, II, III, and IV angles was 27%, 7%, 46%, and 
20%, respectively; Table 1) were similar to those of Cebula 
and colleagues (25%, 35%, 15%, and 25%, respectively).6 
The prevalence of Type I and IV angles was very simi-
lar in the 2 studies. Although there was a discrepancy be-
tween the 2 studies in the prevalence of Type II and III 
angles, we found that they account for similar rates when 
the 2 angle types are merged (53% total for Types II and 
III in our study and 50% in Cebula’s study). It is possible 
to analyze Type II and III angles together as they do not 
present significant differences when comparing the inter-
carotid space and QS classification.

Our study suggests that the trapezoid-shaped interca-
rotid space was more commonly associated with Type I 
ICA angles (when the angle between the parasellar and 
paraclival ICA segment is < 80°), the square intercarotid 
space was associated with Type III ICA angles (when the 
angle between the parasellar and paraclival ICA segment 
is > 100°), and the hourglass-shaped intercarotid space 
was associated with Type III ICA angles (88% of Type III 
angles were found with an hourglass intercarotid space). 
Cebula et al.6 noted identical relationships for the trape-
zoid- and hourglass-shaped intercarotid spaces; the square 
intercarotid space was not described in their publication 
(36% had the square-shaped intercarotid space).

Our analysis revealed an important relationship be-
tween the intercarotid space and the QS. When the inter-
carotid space is trapezoid-shaped, it means that the para-
clival segment of the ICA courses to the parasellar segment 
(proximal to distal) from lateral to medial, so the QS be-
comes narrow and short (Type A). When the shape of the 
intercarotid space is square, the course of the paraclival to 
the parasellar segment of the ICA (proximal to distal) is 

straight; thus, the QS does not suffer any significant altera-
tion (Type B). Finally, when the intercarotid space is hour-
glass-shaped, the paraclival segment of the ICA courses to 
the parasellar segment (proximal to distal) from medial to 
lateral. In this situation, the QS becomes larger and greater 
(Type C).

These results are valuable in preoperative planning to 
access the QS, its surroundings, and the ICA itself. It is 
hard to visualize the QS directly with imaging studies; 
however, by evaluating ICA trajectories and the shape of 
the intercarotid space, we are able to predict how they will 
affect the QS intraoperatively. This can enable surgeons to 
avoid any iatrogenic ICA injury during surgery.

In our study, we demonstrate that surgical access to a 
Type C QS (hourglass-shaped intercarotid space) is easier 
since the area of the “front door” will be wider. It is also 
possible to note that the distance between the paraclival 
segments of the ICAs is shorter than in trapezoid- and 
square-shaped intercarotid spaces. Conversely, a Type A 
QS (trapezoid-shaped) is associated with more challenging 
access to Meckel’s cave.

When analyzing the ICA angle measurements, we ob-
served that in 11 cadaveric specimens with a Type I angle 
(< 80°), the angle was less than 50°. This hampered visu-
alization of the proximal segment of CN VI, as the nerve 
was hidden behind the parasellar segment of the ICA. The 
distal segment was visible after it crossed the ICA, travel-
ing anteriorly and obliquely toward the superior orbital fis-
sure. CN VI defines the superior border of the QS; thus, in 
these specimens it was not possible to visualize the entire 
limits of the “front door.” It is important to understand 
the exact localization of CN VI to avoid any iatrogenic le-
sions. Intraoperative neurophysiological monitoring helps 
to locate and protect the nerve during surgery, but this be-
comes more difficult when the nerve is located below the 
parasellar ICA.

It is important to highlight that the findings in this study 
are described in normal structures and the anatomical 

TABLE 1. Relationship between ICA angle type and shape of 
intercarotid space

ICA Angle 
Type

Shape of Intercarotid Space
Total Trapezoid Square Hourglass

Type I 16 8 0 24 (27%)
Type II 2 2 2 6 (7%)
Type III 4 14 22 40 (46%)
Type IV* Type I: 3

Type II: 1
Type III: 4

Type I: 2
Type II: 2
Type III: 4

Type I: 0
Type II: 1
Type III: 1

18 (20%)

Total 30 (34%) 32 (36%) 26 (30%) 88 (100%)

* Type IV ICAs are divided because they can exhibit a different angle on each 
side.

FIG. 4. Illustration depicting the distribution of ICA angle types in 44 
cadaveric specimens (88 sides). The classification scheme developed 
by Cebula et al., based on the angle between the paraclival and parasel-
lar segments of the ICA, was used. Twelve cadaveric specimens (27%) 
displayed a Type I angle, in which the angle between the paraclival and 
parasellar segments of the ICA is < 80° bilaterally. Three specimens 
(7%) displayed a Type II angle, in which the angle between the para-
clival and parasellar segments of the ICA is 80°–100° bilaterally. Twenty 
specimens (46%) displayed a Type III angle, in which the angle between 
the paraclival and parasellar segments of the ICA is > 100° bilaterally. 
Nine specimens (20%) displayed a Type IV angle, in which the angle 
between the paraclival and parasellar segments of the ICA has a differ-
ent type on each side. 
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variations naturally occurring in ICAs and the QS. When 
a tumor grows in this area, there may be variable anatomi-
cal distortions caused by the mass. Nonetheless, knowl-
edge of this region is of the utmost importance as it offers 
information that can be used in preoperative planning to 
minimize possible complications.

Conclusions
Different possible trajectories of the ICAs can modify 

the QS and may be an essential parameter for preopera-
tive planning and selecting the most appropriate route to 
reach Meckel’s cave. Anatomical knowledge of this region 
and its variations is critical to avoid iatrogenic lesions and 
further complications.
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