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Anatomical Relationships of Intracavernous
Internal Carotid Artery to Intracavernous
Neural Structures
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ABSTRACT

The objective is to correlate the intracavernous internal carotid artery (ICA)
with the position of the intracavernous neural structures. The cavernous sinuses of nine
injected cadaveric heads were dissected bilaterally. As measured on computed tomo-
graphic angiograms from 100 adults, anatomical relationships and measurements of
intracavernous ICA and neural structures were studied and correlated to the intra-
cavernous ICA curvature. Intracavernous ICAs were classified as normal and redundant.
The meningohypophyseal trunk (MHT) of normal ICAs appeared to be closely related to
the abducens nerve compared with redundant ICAs (5.5 £2.1 mm versus 10.0 £2.5 mm,
respectively; p=0.001). The position of the inferolateral trunk (ILT) varied along the
horizontal segment of the intracavernous ICA. On imaging studies the ICA curvature
correlated with the kyphotic degree of the skull and similarity of the ICA curvature
between sides. The safety margin for preventing iatrogenic intracavernous nerve injury
during surgical exploration or transarterial embolization of vascular lesions around the
MHT is high with redundant ICAs. In contrast, a transvenous endovascular approach via
the inferior petrosal sinus may be too distant to reach the MHT when ICAs are
redundant. Approaching lesions of the inferolateral trunk may be the same regardless

of ICA type.

KEYWORDS: Abducens nerve, carotid-cavernous fistula, cavernous sinus anatomy,
internal carotid artery, sympathetic nerve

The cavernous sinus is one of the most complex
and challenging areas for skull base surgery. Vascular
diseases in this region usually involve both the arterial
and venous systems (e.g., carotid-cavernous fistulas,
CCFs). The complex venous channels and deep ana-
tomical location make surgical or endovascular explora-
tion of this region difficult. The multitude of cranial

nerves passing through the sinus demands precise sur-
gical trajectories. Endovascular treatment provides an
alternate corridor and may be a more efficacious treat-
ment option for particular diseases in this region.

The anatomical relationships of the cavernous
sinus have been described cxtensively.l_9 However, no
study has described the consequences of treatment of the
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curved segments of the intracavernous internal carotid
artery (ICA) in relation to intracavernous neural struc-
tures. Such information may provide insights for select-
ing treatment approaches to vascular pathologies of the
cavernous sinus. We therefore sought to define anatom-
ical data of the intracavernous ICA and related neural
structures and to correlate the former with relevant
radiologic data, especially as related to the skull base
and curvature of the ICA.

MATERIALS AND METHODS

Cadaveric Dissection

Nine injected cadaveric heads were dissected bilaterally
through the pretemporal orbitozygomatic approach. The
cavernous sinuses were exposed as described else-
where.1%1! The anterior clinoid processes were removed
to expose the cavernous roof and to free the neuro-
vascular structures. The oculomotor nerve was preserved.
The proximal dural ring was identified as the exit site of
the intracavernous ICA. The cavernous sinuses were
opened in the roof and lateral wall to expose the intra-
cavernous structures. Injected silicone was removed piece
by piece from the cavernous sinus to identify intra-
cavernous structures and venous spaces.

The anatomical variability of the intracavernous
ICA and associated branches was noted along with
relationships to intracavernous neural structures. As
described by Inoue et al,? the intracavernous ICA was
divided into five segments based on morphological
features: (1) posterior vertical segment, (2) posterior
bend, (3) horizontal segment, (4) anterior bend, and
(5) anterior vertical segment.

We classified the curvature of the ICA as normal
and redundant. In a normal-type ICA, a horizontal
segment ran horizontally or curved superiorly. In the
redundant type, a posterior bend coursed higher than
the horizontal segment, resulting in a tortuous config-
uration.

The exposure of the intracavernous ICA was
completed by additional extradural dissection through
the middle fossa approach. The mandibular branch of
the trigeminal nerve was divided to expose the proximal
cavernous sinus. The proximal entry point of the ICA
into the cavernous sinus was identified on the petrolin-
gual ligament (PLL). The following six distances were
then measured (Fig. 1): (1) from the PLL to the
abducens nerve (CN VI), (2) from CN VI to the
meningohyphoseal trunk (MHT), (3) from CN VI to
the highest point of the posterior bend of the intra-
cavernous ICA (max), (4) from the MHT to Dorello’s
canal, (5) from CN VI to the inferolateral trunk (ILT),
and (6) from MHT to ILT. When the MHT or ILT
had multiple origins, the closest distance between two
anatomical points was measured.

Figure 1 lllustration shows segments of intracavernous
ICA: (1) posterior vertical, (2) posterior bending, (3) horizontal,
(4) anterior bending, and (5) anterior vertical. AC, anterior
clinoid process; ILT, inferolateral trunk; MHT, meningohypo-
physeal trunk; PLL, petrolingual ligament; VI, abducens
nerve. (Used with permission from Barrow Neurological
Institute.)

Radiographic Study

Sagittal computed tomographic angiograms (CTAs)
from 100 adult patients (200 ICAs) who were at least
15 years old were examined. Images from 69 females
and 31 males (mean and median age 56 years) were
evaluated. No intracavernous bony or vascular lesions in
the cavernous sinus were detected in these patients.
Clear-cut limitations in identifying the soft tissues in
imaging studies required a different measurement strat-
egy than used in the cadavers. The parasagittal cut,
which is best suited to show the posterior bend seg-
ment, was used to measure three parameters (Fig. 2).
We defined the ICA curve angle as the angle formed by
the junction of the axes of the posterior vertical segment
with the axis of the horizontal segment. The cavernous
roof angle was defined by connecting the imaginary
plane on the cavernous roof to the plane on the
posterior wall of the cavernous sinus on the same
parasagittal cut. The posterosuperior venous space was
estimated by measuring the distance between the high-
est point of the posterior bend and the cavernous roof.
Sagittal cuts were also evaluated for the midline basal
angle, which was measured from the anterior cranial
fossa to the tip of the dorsum sellae connecting the line
along the posterior margin of the clivus as described
elsewhere.'?

The redundancy of the intracavernous ICA was
defined as when the ratio of the ICA curve angle and
cavernous roof angle was less than 0.5. Thus, stratifica-
tion was created in three groups of patients: bilateral
redundant ICA, unilateral redundant ICA, and bilateral
normal ICA. This stratification was performed to iden-

tify parameters associated with the redundancy of the
ICA.
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Figure 2 Radiologic studies evaluating the ICA curvature and cavernous sinus: (A) parasagittal cut for the ICA curve angle
(a), the cavernous roof angle (b), and the posterosuperior venous space (c). (B) Sagittal cut for the midline basal angle (d). This
patient has an ICA with a normal curvature. (Used with permission from Barrow Neurological Institute.)

Statistical Analysis

Measurements and quantitative data were acquired
using the Stealth TREON Plus Navigation System
(Medtronic, Louisville, CO). Anatomical targets were
registered with the tip of a navigating probe. All
retrieved coordinate data were entered into a spread-
sheet for analysis with a custom-made program
(Spherical Area; Microsearch, Bitwise Ideas Inc.,
Fredericton, NB, Canada). Calculated length and an-
gle data were presented as means and standard devia-
tions (SDs). Comparisons of anatomical distances
between two types of ICAs were evaluated by a
Student’s #-test. Comparisons among patients with
bilateral redundant ICA, unilateral redundant ICA,
and bilateral normal ICA were evaluated using one-
way analysis of variance (ANOVA) followed by Holm-
Sidak pairwise comparisons. In case normality failed,
Kruskal-Wallis ANOVA on ranks followed by Dunn’s
method was used instead. The relationships among
ICA curve angle, cavernous roof angle, and midline
basal angle were analyzed with Pearson’s correlation
coefficients. All statistical calculations were performed
with SigmaStat 3.5 program (Systat Software, Inc.,
Point Richmond, CA). A p value less than 0.05 was
considered significant.

RESULTS

The distances corresponding to CN VI and MHT, to
CN VI and max, and to MHT and Dorello’s canal
were significantly different between specimens with
normal and redundant ICAs (Table 1). However,
there were no significant differences in the distances
represented by PLL-CN VI, CN VI-ILT, or MHT-
ILT when specimens with normal and redundant
ICAs were compared.

Intracavernous Vascular Structures

The normal-type curvature was observed in six speci-
mens (12 sides, Fig. 3). The redundant-type curvature
was observed in three specimens (six sides, Fig. 4). In all
specimens, the pattern of curvature was similar on both
sides.

In none of our specimens did the MHT and ILT
share a common origin. No persistent trigeminal artery
was identified. In all specimens, the ophthalmic artery
arose from the extracavernous portion of the ICA.

The intracavernous ICA gave rise to the MHT in
all specimens. The MHT's were observed as a single trunk
in nine of 18 sides. The single trunk usually gave rise to
three or four secondary branches (e.g., the tentorial

Table 1 Anatomical Measurements of Intracavernous Structures in 12 Normal and 6 Redundant ICAs

Normal ICA Redundant ICA

Anatomical Distance (mm = SD) (mm £ SD) p Value
PLL-CN VI 6.0+3.2 59429 0.982
CN VI-MHT 55+2.1 10.0+£25 0.001
CN VI-Max 6.7+2.2 121+1.6 <0.001
MHT-Dorello’s 6.7£15 11.2+£1.6 <0.001
CN VI-ILT 3.7+2.1 4.2+24 0.624
MHT-ILT 53+2.6 4.4+2.7 0.509

CN VI, abducens nerve; ICA, internal carotid artery; ILT, inferolateral trunk; Max, highest point of the posterior bend of the intracavernous ICA;

MHT, meningohypophyseal trunk; PLL, petrolingual ligament.
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Figure 3 Left-sided dissection of normal ICA specimen: (A) Posterosuperior window shows large posterosuperior venous
space (*, injected silicone removed) and the close relationship between the meningohypophyseal trunk (MHT) and the
abducens nerve (V). (B) Excessive retraction is required to reach the origin of the inferolateral trunk (ILT) from the anteroinferior
window. Il, optic nerve; Ill, oculomotor nerve; IV, trochlear nerve; PC, posterior clinoid process; Symp, sympathetic fibers; V1,
ophthalmic nerve; V2, maxillary nerve. (Used with permission from Barrow Neurological Institute.)

artery, dorsal clival artery, and inferior hypophyseal
artery) that supplied the nearby cranial nerves and tento-
rium. In the remaining nine specimens, these branches
emerged directly from the intracavernous ICA. The
maximal number of direct branches from the ICA was
three. The inferiorly located branches were always the
dorsal clival or inferior hypophyseal arteries, whereas the
superiorly located branch was the tentorial artery. Alto-
gether, 29 origins emerged from the posterosuperior
aspect of the intracavernous ICA at the posterior bend
surrounded by the posterosuperior venous space of the
cavernous sinus. In one cavernous sinus, the tentorial
artery originated directly from the superior aspect of the
horizontal segment.

The ILT was present in all specimens. It occurred
as a single trunk in 15 of the 18 sides. All ILT's were
located in the lateral aspect of the horizontal segment of
the intracavernous ICA. The ILT gave rise to three to
four branches that supplied the nearby cranial nerves and
tentorium. Separate branchings (two origins) were found
in the remaining three sides.

Intracavernous Neural Structures

CN VI entered the cavernous sinus via Dorello’s canal
under the petrosphenoidal ligament (Gruber’s ligament).
No splitting of this nerve was observed. It coursed
medial to the ophthalmic nerve and lateral to the
posterior bend or posterior vertical segment of the
ICA. CN VI continued running medial to the ophthal-
mic nerve in the cavernous sinus before it exited through
the superior orbital fissure.

The sympathetic trunk, a network of neural
fibers, adhered to the petrous segment of the ICA.
However, after the ICA passed through the PLL
becoming the posterior vertical segment, the sympa-
thetic fibers were observed mainly in the anterior part
departing from the artery and covering near the dural
wall. Before the ICA approached CN VI, most of the
visible fibers were located anteroinferior to the artery.
The sympathetic fibers then ran together with the
ophthalmic nerve. No redundant curvature of the sym-

pathetic pathway was observed to be associated with
redundant ICAs (Fig. 5).

Figure 4 Right-sided dissection of redundant ICA specimen: (A) Redundant posterior bend results in the volume of the
posterosuperior venous space being small. The abducens nerve (V) is not exposed from the posterosuperior window. (B) The
anteroinferior window with retraction of V1 (ophthalmic nerve). The abducens nerve and sympathetic fibers (Symp) are exposed
in this view. The tip of the probe is on the ILT. Il, optic nerve; lll, oculomotor nerve; IV, trochlear nerve; V2, maxillary nerve.

(Used with permission from Barrow Neurological Institute.)
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Figure 5 Left-sided dissection with division of the man-
dibular nerve (V3) and partial removal of the lateral cavernous
wall exposing the petrolingual ligament (PLL) and posterior
vertical segment of the intracavernous segment of the ICA.
The sympathetic fibers (Symp) exit the ICA and approach the
abducens nerve (VI). (*, injected silicone interposed between
the sympathetic fibers and ICA). P, petrous apex; IV, tro-
chlear nerve; V1, ophthalmic nerve; V2, maxillary nerve.
(Used with permission from Barrow Neurological Institute.)

Anatomical Observations

From a superolateral view, the intracavernous ICA can
be observed proximally from the posterior vertical seg-
ment above the ophthalmic nerve to its distal portion
before it exits the cavernous sinus via two major win-
dows: the posterosuperior and anteroinferior.

POSTEROSUPERIOR WINDOW

This window included both supra- and infratrochlear
triangles (Figs. 3A and 4A). In most specimens the
infratrochlear triangle appeared to be bigger than the
supratrochlear triangle. The posterosuperior venous
space seemed to be larger when ICAs had a normal
curvature compared with redundant ICAs. The MHTs
were usually accessible through this window. In four of
the six sides with a redundant ICA, however, the lower
branches of the MHTSs were obstructed by the ICA
itself. Approaching the origin of the ILT was even more
difficult due to its position near the lateral wall in the
distal portion of the cavernous sinus. In most specimens

Table 2 Radiological Redundancy Comparisons

this branch was just above CN VI (21 of 24 origins).
Only in 3 of 24 origins did the ILTs emerge below CN
VI. To expose the ILT, retracting the ophthalmic nerve
laterally or the ICA medially was required.

CN VI was visible entering Dorello’s canal in 7 of
the 18 sides without excessive retraction. In all seven
specimens in which Dorello’s canals could be approached
directly, the ICA had a normal curvature. In the re-
mainder, considerable retraction of the ICA or lateral
wall was needed to expose Dorello’s canal.

ANTEROINFERIOR WINDOW

This window is located between the ophthalmic and
maxillary nerves (Figs. 3B and 4B). Venous space in this
area was continuous with the orbital venous pathway. In
all specimens with a redundant ICA, the anterior bend
of the ICA was easily observed. In one specimen, ILT
could be approached through this window without
excessive retraction. In that case, however, the ILT
originated below CN VI. In most cases, excessive re-
traction of the ophthalmic nerve was required. CN VI
obstructed access to the origin of the ILT.

Radiographic Analysis

Patients were stratified into three groups as described.
Bilateral redundant ICA curvature was identified in 18
of 100 patients. Unilateral redundant ICA curvature was
observed in 19 patients. ICAs with a bilateral normal
curvature were identified in 63 patients. Thus, the total
number of redundant ICAs was 55 of 200 (27.5%).
There was no significant difference in age among the
groups (p=0.983). The ICA curve angle and the cav-
ernous roof angle (the ratio representing the redundancy
of the ICA) were significantly different among the
groups (p < 0.001). However, there were no differences
in the midline basal angle (p =0.148, Table 2).

The ICA curve angle correlated weakly with both
the cavernous roof and midline basal angles (r=0.563
and 0.253, respectively). The correlation between type of
ICA in the two sides of a specimen was high (r=0.722,
Table 3).

Bilateral Redundant

Unilateral Redundant Bilateral Normal

Variables ICAs (18 Patients) ICAs (19 Patients) ICAs (63 Patients) p Value
Sex (female) 83% 63% 67% -
Posterosuperior venous space >0.5 0% 10.5%* 54.0% -
Median age 57 56 56 0.983
Median ICA curve angle 23.5 60.6 115.2 <0.001*
Mean cavernous roof angle 115.44+9.7 1195+11.4 126.4+10.9 <0.001f
Median midline basal angle 114.5 114.8 117.5 0.148

*Pairwise comparisons found significant differences among all groups (p < 0.05).
fPairwise comparisons found significant differences among all groups (p< 0.001).

All cases were from normal ICA side.
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Table 3 Radiological Correlation of the ICA Curve Angle, Cavernous Roof Angle, and Midline Basal Angle

Correlation
Imaging Parameters No. Coefficient (r) p Value
ICA curve angle—cavernous roof angle 200 0.563 <0.001
ICA curve angle-midline basal angle 200 0.253 <0.001
Left ICA curve angle-right ICA curve angle 100 0.722 <0.001
DISCUSSION The MHT usually emerges from the ICA as it did

The cavernous sinus is a cuboidal structure on both sides
of the parasellar region with interconnections between
the sides. The roof is formed by the membranous dural
layer, the oculomotor nerve, and the medial part of the
sphenoid wing, including the anterior clinoid process.
The lateral wall is formed by two layers of dura loosely
attached to each other: a thick outer layer continuous
with the tentorium and a thin inner layer. The oculo-
motor, trochlear, and trigeminal nerves run between
these two dural layers.

Advances in cranial base microsurgery and endo-
vascular treatments have provided complementary mul-
tidirectional access to the intracavernous ICA. Thus, this
region can now be accessed routinely. Knowledge of the
surgical anatomy in this area improves surgeons’ ability
to localize symptoms and plan treatments.

Intracavernous Vascular Structures

Although there is no consensus on how the ICA should
be classified,”>® the goal of this study was not to
propose a new classification. We primarily studied only
the intracavernous segment of the ICA. The nomencla-
ture for the curvatures and segments of the intracaver-
nous ICA that we adopted were previously used by Inoue
et al.> These curves and segments are the consequence of
how the middle cranial fossa develops.” The segments
that involve most vascular pathologies are the posterior
bend and horizontal segment where intracavernous
branching occurs. These segments also tend to be in-
volved in traumatic cases.!”

The major branches of the intracavernous carotid
artery, the MHT and ILT, supply the intracavernous
cranial nerves.'®'? Anastomosed irrigation among the
MHT, ILT, and external carotid artery has been con-
firmed. The inverse relationship between the size of the
MHT and ILT ensures a complementary blood supply
to nearby structures.”

The MHT originates from the posterosuperior
part of the posterior bend. A single MHT pattern
followed by a trifurcation, namely, the tentorial artery
(artery of Bernasconi-Cassinari), dorsal meningeal ar-
tery, and inferior hypophyseal artery, has been a rela-
tively consistent ﬁnding.20 Lasjaunias and Moret?!
described the direct origin of these arteries from the
ICA instead of a true MHT configuration. Differences

in branching have also been repor'ced.4’19

in all of our specimens.19 We also found variations in the
origin of the MHT branches. However, the inferiorly
located branches were the dorsal meningeal and inferior
hypophyseal arteries. The superior branch was the ten-
torial artery.

The ILT arises from the lateral aspect of the
horizontal segment. It usually gives rise to three or
four secondary branches supplying the dura and cranial
nerves in the region of the cavernous sinus.*1%?2 Tt was
identified in 65 to 80% of the specimen in previous
reports.'®!” However, this vessel was present in all of our
specimens. The origins and branching of the ILT
are more variable compared with those of the MHT.?
We found 87.5% of the ILT origins just superior to the
abducens nerve comparable to this finding in 96% of the
specimens of Inoue et al.?

We could not illustrate the microconfiguration of
the venous compartment in our study. The existence of a
trabeculated venous channel or a plexus of veins (not
considered a true sinus) has been proposed but remains
unsubstantiated.>72324 Compartmentalization with
branching and venous channels can easily be mistaken
for connective tissue or sympathetic fibers.

Types of Intracavernous ICA Curvature

Based on the anatomical dissections, the difference
between the normal and redundant ICAs was reflected
by the distance between the intersection of CN VI and
the most posterior bend (6.7+£2.2 mm versus
12.14+1.6 mm, p<0.001). For redundant ICAs, the
MHT was located a high near the posterior bend
(5.5 4 2.1 mm versus 10.0 2.5 mm, p = 0.001). There-
fore, the position of the MHT was closely related to the
arterial configuration.

The origin of the ILT varied along the horizontal
segment of the intracavernous ICA. This variation may
be independent of the type of ICA. The closest mean
distance from the intersection between CN VI and
normal ICAs was 3.74+2.1 mm and 4.2+24 mm
with redundant ICAs (p=0.624).

A redundant ICA was present in 27.5% of the 100
CT angiograms in our study. Interestingly, no relation-
ship was found between the types of ICA curvature and
age. The curvature of the intracavernous ICA weakly
correlated with the configuration of the cavernous sinus,
which reflected the kyphotic curvature of the skull base.
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Figure 6 (A) Parasagittal and (B) sagittal CTAs in a patient with a redundant ICA curvature. A small posterosuperior venous
space (*) is visible. (Used with permission from Barrow Neurological Institute.)

A redundant curvature was common when the cavernous
sinus was steep or the skull base was kyphotic. The
midline basal angle alone could not precisely predict the
configuration of the cavernous sinus. Parasagittal and/or
coronal images were needed to predict the three-dimen-
sional configuration of the ICA (Table 3). The config-
uration of the ICA curvature on one side predicted the
curvature of the contralateral ICA. In most cases this
arterial redundancy and the steep kyphotic angle of the
cavernous sinus decreased the size of the posterosuperior
venous space (Table 3, Figs. 4A and 6).

Intracavernous Neural Structures
The distance of the ICA from the PLL to the inter-
section of CN VI seemed to be similar for both normal
and redundant ICAs (p=0.982). This finding indicates
that the configuration of CN VI is more closely related
to the bony anatomy than to the arterial curvature.
The sympathetic fibers from the superior cervical
ganglion traveled with the ICA. As reported earlier,"?>~
%7 these fibers diverged from the intracavernous ICA to
adhere to CN VI while crossing it to join the ophthalmic
nerves. van Overbreeke?® systematically described the
intracavernous sympathetic pathways. Multiple bundles
of sympathetic pathways have been defined. In our study,
however, the obvious sympathetic bundle that could be
observed was inferolateral to the horizontal segment.
The cavernous and intracranial portions of the
ICA are more variable than the petrous portion. Con-
sequently, the locations of the intracavernous and intra-
cranial ICA curvatures also vary. In contrast, the cranial
nerves course directly to exit in their own cranial fora-
mina. Even though the sympathetic plexus follows the
ICA along the extracranial path, the main exit target is
the ophthalmic nerve on the lateral wall of the cavernous
sinus. The exit of sympathetic fibers from the ICA was
observed early along the posterior vertical segment.
Furthermore, the sympathetic plexus did not follow
redundant ICAs; rather, it followed the abducens nerve

and then the ophthalmic nerve to the lateral cavernous
wall.

Because of the close relationship between the
abducens and sympathetic nerves, Parkinson predicted
coexistent clinical syndlromes,26 which were later con-
firmed by other investigators.29_31 The frequency of
these clinical syndromes may be underreported. How-
ever, pathological lesions must be located anterior to the
posterior vertical segment and lateral to the horizontal
segment to compress the fibers from both nerves.

Carotid-Cavernous Fistulas

CCFs are abnormal communications between the car-
otid artery and the cavernous sinus.*> The symptoms
associated with CCFs depend on the direction of the
venous drainage, the site of venous thrombosis, and the
rate of blood flow through the shunt.

The ultimate goals of treatment should be
obliteration of the fistula and preservation of the
ICA. The minimum goals of the procedure are to
halt the progression of the patient’s inevitable visual
deficit and to prevent intracranial complications. The
strategy for treatment depends on the extent of the
lesion and on the availability of the endovascular or
surgical teams.

Endovascular Treatment

Endovascular treatment is now a first-line of treatment
for CCFs. Transarterial or transvenous accesses may be
possible in individual cases.>>* Occasionally, ischemic
injuries to cranial nerves are rcported.35 However, an
ischemic injury cannot be clearly attributed to an indi-
vidual intracavernous vascular branch due to the rich
anastomoses of this area. In contrast, compressive in-
juries to cranial nerves are common complications of
various embolization techniques.36’37 A transvenous en-
dovascular technique is usually performed via an inferior
petrosal sinus route. However, the proximity of the



334

SKULL BASE/VOLUME 20, NUMBER 5 2010

abducens nerve increases the likelihood of deficits when
this route is used.*®

For a CCF in the MHT region, the position of
the fistula can be predicted. Endovascular treatment
can be planned to minimize compressive intracavernous
nerve injury. In such cases, the risk to the relatively
distant sympathetic fibers is decreased. Through a
transarterial approach, a redundant ICA poses less
risk to the abducens nerve than a normal ICA. How-
ever, the transvenous endovascular trajectory can be
difficult to use in the presence of a redundant ICA
(mean distance from Dorello’s canal: 11.2 +1.6 (nor-
mal ICA) mm versus 6.7 1.5 (redundant ICA) mm,
£<0.001). Compared with an ICA with a normal
curve, navigating a microcatheter through a redundant
ICA to the site of a carotid fistula might be more
difficult. However, large volumes of the embolic agent
may be needed when the curvature is normal because
the posterosuperior venous space is larger compared
with that associated with a redundant ICA. If a fistula
occurs in the ILT region, the likelihood of an intra-
cavernous neural injury may be the same in the presence

of both types of ICAs.

Surgical Treatment
Surgical treatment may be required if endovascular
treatment fails.>>*° The goal of surgical treatment may
be direct vascular surgery or indirect packing. However,
given the unsatisfactory results associated with direct
surgical procedures, sinus packing is now preferred.*>*?
Knowledge of the entry corridors to the cavernous sinus
triangles is needed to access pathologies safely in this
region.l’%’44 Overpacking in any direction or in any
particular corridor should be avoided.®” The anteroinfe-
rior and the posterosuperior windows used in this study
represent simplifications of the various cavernous trian-
gles.4l’45

As described by Parkinson, the posterosuperior
window is a primary surgical corridor to the cavernous
sinus.*® This window is divergent posteriorly and con-
vergent anteriorly. Variations in the position of the
trochlear nerve?” make access through the supra- and
infratrochlear spaces possible. Most approaches to le-
sions involving the MHT require opening this win-
dow,*” as in our study. In some cases, however, this
window also provides a view of the abducens nerve at
Dorello’s canal. Being unaware of this nerve risks iatro-
genic injury to the abducens nerve. Such risks are slightly
lower in the presence of a redundant ICA. However, the
MHT can be obstructed by the curvature of a redundant
ICA. The ILT can be approached directly from a
superior view by retracting the ICA or the cranial nerve
to some degree.

Approaching through the anteroinferior win-
dow is another option. Typically, however, only the

anterior bend of the ICA is visible. This angle of
approach does not provide good access to the intra-
cavernous branches without excessive retraction of
the cranial nerve. The goal of this procedure is
limited to packing venous flow to the orbit. In most
cases, this approach cannot be used for direct surgical
exploration.

Study Limitations

The properties of living tissue cannot be reproduced in
formalin-fixed cadavers. Limitations include the lack of
gravity-assisted exposure, elasticity of brain tissue, or
drainage of cerebrospinal fluid. Encounters with bleed-
ing, however, are avoided. The amount of silicone
injected in the cavernous sinus may cause some anatom-
ical shifting. The injections, however, help clarify the
potential intracavernous spaces.

In our study, all data were from normal cavernous
sinuses. Pathology such as mass lesions, however, may
alter anatomical relationships. Lesions may be clinically
silent until enlarging pathological conditions have con-
siderably distorted the cavernous sinus. Cavernous ve-
nous spaces can be expanded to enlarge the surgical view,
but extra packing or embolization procedures are needed
to do so.

Many soft tissue parameters cannot be seen clearly
on radiological studies (e.g., the PLL, CN VI, dural
rings). Three-dimensional anatomical structures and
their relationships relative to each other cannot be
measured exactly the same way as routinely done on
two-dimensional radiologic films. The distinction be-
tween the two types of ICAs remains slightly ambigu-
ous. However, anatomical-radiological correlations that
help in understanding the cavernous carotid and neural
structures can be simplified, as in our study, with
complementary data.

CONCLUSION

The intracavernous curve of the ICA correlates with the
kyphotic curvature of the skull, not with age. The
curvature of the intracavernous ICA provides some
clinical guidelines for localizing intracavernous arterial
branches. When an ICA has a normal curvature, its
intracavernous branches and intracavernous neural struc-
tures are close to each other, especially in the region of
the MHT. The opposite is true for ICAs with a
redundant curvature. The position of the ILT is un-
predictable regardless of the type of ICA. Redundant
ICAs are common in skulls with a steep cavernous angle.
It might be possible to predict the intraoperative risk of
neural compression in the intracavernous region. Com-
plementary surgical and endovascular data can help
surgeons access this formidable area and prevent un-
necessary complications.
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