
H E c o n t i nuous development of micro s u rgi c a l
t e chniques to tre at lesions in and around the
c ave rnous sinus emphasizes the need for an

a c c u rate understanding of the micro a n at o my of this
c o m p l ex region. Since the pioneering wo rk of Pa r-
k i n s o n1 0 who demonstrated the feasibility of a dire c t
o p e rat ive ap p ro a ch to the cave rnous sinus, there have
been a number of pap e rs published on the micro s u rgi-
cal anat o my of this are a .3 , 6 , 7 , 1 3 , 1 5

Materials and Methods
Fifteen cadaver heads (30 specimens) fixed in formalin were

dissected for this study. At the outset, the brains were careful-
ly removed to fully expose the skull base. Each head was
placed in a Sugita head holder, turned 45˚ from the side of dis-
section, and extended slightly to simulate the surgical position.
The main anatomical landmarks were identified; namely, the
optic nerve, supraclinoid internal carotid artery (ICA), anterior
and posterior clinoid processes, petroclinoid folds, and the third
and fourth cranial nerves. The optic canal was then unroofed
and the anterior clinoid process was removed to completely
expose the superior and lateral walls of the cavernous sinus.

Three incisions were made at the level of the posterior cli-
noid process: posterolateral along the posterior petroclinoid lig-
ament toward the point of entry of the fourth cranial nerve into
the cavernous sinus; anterolateral following the direction of the

interclinoid ligament; and anteromedial close to the diaphrag-
ma sellae toward the medial aspect of the ICA. Another inci-
sion was made along the anterior petroclinoid ligament to clar-
ify the dural relationship between the lateral and superior walls
of the cavernous sinus. The dural leaves were carefully dis-
sected under the operating microscope and the anatomical data
were recorded.

Anatomical Observations

The superior wall of the cave rnous sinus, trap e-
zoidal in shap e, is limited lat e ra l ly by the anteri o r
p e t ro clinoid ligament, medially by the dura of the
d i ap h ragma sellae, anteri o rly by the endosteal dura of
the carotid canal, and posteri o rly by the posteri o r
p e t ro clinoid ligament. A line parallel to the intercl i-
noid ligament divides this wall into two triangles: the
c a rotid tri gone antero m e d i a l ly and the oculomotor
t ri gone postero l at e ra l ly (Fi g. 1). Similar to the lat e ra l
wall of the sinus, its superior wall is fo rmed by two
l aye rs: a smooth superficial dural layer and a thin,
less defined deep laye r. For didactic purposes, the
s u p e rior wall of the cave rnous sinus has been div i d e d
into three areas: the oculomotor tri go n e, the caro t i d
t ri go n e, and the clinoid space.
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� The superior wall of the cavernous sinus was studied in 30 specimens obtained from 15 cadaver heads fixed in
formalin. Trapezoidal in shape, the superior wall of cavernous sinus is limited laterally by the anterior petroclinoid
ligament, medially by the dura of the diaphragma sellae, anteriorly by the endosteal dura of the carotid canal, and
posteriorly by the posterior petroclinoid ligament. An interclinoid ligament bisects the wall, dividing it into two tri-
angles: the carotid trigone anteromedially and the oculomotor trigone posterolaterally. Similar to the lateral wall of
the cavernous sinus, the superior wall is formed by two layers: a smooth superficial dural layer and a thin, less
defined deep layer. In the area of the carotid trigone, both layers separate to wrap the anterior clinoid process. The
removal of this process will reveal a “clinoid space” medial to which the internal carotid artery can be identified.
This clinoid segment of the artery, still extracavernous, is surrounded by two fibrous rings: a distal ring formed by
fibers of the superficial dural layer and a proximal ring related to the deep dural layer. Below the proximal ring, the
internal carotid artery becomes intracavernous; above the distal ring, the artery is continuous with its supraclinoid
segment. The complex dural anatomy of the superior wall, its fibrous rings, and the clinoid space in relation to a
superior surgical approach to the cavernous sinus are discussed.
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Oculomotor Trigone 

This tri gone was limited lat e ra l ly by the anteri o r
p e t ro clinoid ligament (length 16.6 � 2.4 mm), medi-
a l ly by a line ove rlying the interclinoid liga m e n t
(length 9.6 � 2.0 mm), and posteri o rly by the posteri-
or petro clinoid ligament (length 13.8 � 3.4 mm) (Fi g.
1). The third and fo u rth cranial nerves entered the cav-
e rnous sinus in this area of the superior wall. Th e
d u ral fo ramen of the oculomotor nerve, elliptical in
s h ape (maximum diameter 4.9 � 1.1 mm), was large r
than the nerve crossing it in most of the cases. The dis-
tance from this fo ramen to the anterior clinoid pro c e s s
was 7.2 � 1.8 mm and to the posterior clinoid pro c e s s ,
8.5 � 1.9 mm. 

The dural opening for the tro chlear nerve was locat-
ed in the angle between the anterior and posteri o r
p e t ro clinoid ligaments and in a large number of cases
(63%) the diameter of the opening was equal to the
diameter of the nerve. The distance between this fo ra-

men and the anterior clinoid process was 16.04 � 2 . 5 2
mm; the distance to the posterior clinoid process wa s
12.74 � 3.46 mm. 

In the oculomotor tri gone the dural laye rs (superfi-
cial and deep) could be easily sep a rated (Figs. 2 and
3). The superficial layer continued lat e ra l ly with the
s u p e r ficial layer of the lat e ral wall, medially with the
s u p e r ficial layer of the carotid tri go n e, and posteri o rly
with the superficial layer of the petro cl ival dura in the
p o s t e rior wall of the cave rnous sinus. The deep laye r,
thinner than the superficial laye r, continued lat e ra l ly,
m e d i a l ly, and posteri o rly with the deep dural layer of
the lat e ral wall, carotid tri go n e, and posterior wall of
the cave rnous sinus, re s p e c t ive ly. At the level of the
t ro chlear and oculomotor fo ramina, the deep laye r
c o n t ri buted to the dural sheaths surrounding the
n e rves through their course on the lat e ral wall of the
c ave rnous sinus (Figs. 3, 5, and 6).

The re m oval of both dural laye rs in the oculomotor
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Superior wall of the cavernous sinus

FI G. 1. Photograph of cadaver specimen (A) and artist’s drawing (B) depicting the superior view of the left
cavernous sinus. The superior wall of the sinus (broken line) is divided into two triangles by a dotted line o v e r-
lying the interclinoid ligament: the oculomotor trigone (ot) posterolaterally and the carotid trigone (ct) antero-
medially. The third (III) and fourth (IV) cranial nerves enter the sinus through the oculomotor trigone while the
internal carotid artery (ICA) exits the sinus in the area of the carotid trigone. The dura mater over the anterior
clinoid process (ACP) has been removed. The superficial layer of the superior wall of the sinus SW(sl) contin-
ues laterally with the superficial layer of the lateral wall of the sinus LW(sl). The long arrow points to the ante-
rior petroclinoid ligament and the short arrow to the posterior petroclinoid ligament. The scale is given in mil-
limeters. ON = optic nerve; PCP = posterior clinoid process; PG = pituitary gland.



t ri gone allowed the identifi c ation of the fo l l ow i n g
s t ru c t u res: the postero s u p e rior venous space of the
c ave rnous sinus, the posterior bend of the intra c av-
e rnous ICA with the ori gin of the meningo hy p o p hy-
seal trunk, the initial intra c ave rnous course of the
abducens nerve, and the interclinoid liga m e n t .

Carotid Trigone

This area of the superior wall was limited lat e ra l ly
by a line ove rlying the interclinoid ligament, medially
by the dura of the diap h ragma sellae, and anteri o rly by
the endosteal dura of the carotid canal. The anteri o r
p o rtion of this tri gone presented the opening for the
ICA at the beginning of its supra clinoid segment (Fi g.
1). The ICA fo ramen had a diameter of 6.86 � 0 . 9
mm, and on its medial side, the dura mater could be
e a s i ly sep a rated from the art e ry, revealing a semilunar
space known as the “carotid cave.”8

In the area of the carotid tri go n e, dissection be-

t ween the superficial and deep dural laye rs was more
d i fficult than in the oculomotor tri go n e. The superfi-
cial dural layer continued lat e ra l ly with the similar
l ayer of the oculomotor tri gone and with the dura that
c ove red the superior aspect of the anterior cl i n o i d
p rocess, medially with the dura of the diap h ragma sel-
l a e, and anteri o rly with the endosteal dura of the
c a rotid canal. This superficial layer contri buted to the
fo rm ation of the distal ring of the ICA (Figs. 2 and 4).
This ring is not complete and encircles only the dor-
s o l at e ral aspect of the art e ry opposite the carotid cave.
The plane of this ring is slightly oblique in an infe ro-
medial dire c t i o n .

The deep dural layer was ve ry thin and fri able and
was usually incomplete in the posterior half of this
a rea. Here the dark color of the venous blood of the
s i nus could be seen through this tra n s p a rent laye r.
After cove ri n g, the unders u r face of the anterior cl i-
noid process continued antero l at e ra l ly with the deep

F. Umansky, A. Valarezo, and J. Elidan

916 J. Neurosurg. / Volume 81 / December, 1994

FI G. 2. Photograph of cadaver specimen (A) and artist’s drawing (B) depicting the superior view of the left
cavernous sinus. The anterior clinoid process has been removed and the superficial layer of the superior wall of
the sinus has been incised and separated from the deep layer. This separation between the superficial and deep
layers of the dura mater can be clearly seen in the area of the carotid trigone: one solid dot and one open dot,
respectively; in the area of the oculomotor trigone: two solid dots and two open dots, respectively; and in the
area of the clinoid space: three solid dots and three open dots, respectively. The oculomotor nerve (III) enters
the sinus below the anterior petroclinoid ligament (long solid arrow), and the posterior petroclinoid ligament
(short solid arrow) attaches to the posterior clinoid process (PCP). The long open arrow points to the distal
carotid ring and the short open arrow to the proximal carotid ring. The scale is given in millimeters. ICA = inter-
nal carotid artery; LW(sl) = lateral wall (superficial layer); OA = ophthalmic artery; ON = optic nerve; PG =
pituitary gland.



l ayer of the lat e ral wall of the cave rnous sinus and
p o s t e ro l at e ra l ly with the similar layer of the oculomo-
tor tri go n e. This layer ended medially at the level of
the diap h ragma sellae. The deep layer of the caro t i d
t ri gone dura mater contri buted to the fo rm ation of the
p roximal ring of the ICA. This ring is described in
m o re detail in the area of the clinoid space. The deep

l ayer continued posteri o rly with the deep layer of the
oculomotor tri go n e. The re m oval of both dural leave s
in the carotid tri gone allowed the visualization of the
fo l l owing stru c t u res: the anterior third of the hori zo n-
tal segment of the intra c ave rnous ICA, the anteri o r
bend of this art e ry, the medial wall of the cave rn o u s
s i nus, and the medial venous space of the sinu s .
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FI G. 3. Photograph of cadaver specimen (A) and artist’s drawing (B) depicting the superolateral view of the
left cavernous sinus after incision and separation of the superficial layer of the superior wall SW(sl) from its
deep layer SW(dl) and of the superficial layer of the lateral wall LW(sl) from its deep layer LW(dl). The ocu-
lomotor nerve (III) has been lifted and the initial course of the trochlear nerve (IV) is located between the supe-
rior and lateral walls of the sinus. Note the continuity of the deep layer of the superior wall with the deep layer
of the lateral wall in the oculomotor trigone area. Deep-layer fibers from the superior and lateral walls contribute
to the dural sheath surrounding the fourth (IV) nerve ( a s t e r i s k ). The scale is given in millimeters. ACP = ante-
rior clinoid process; ICA = internal carotid artery; ON = optic nerve; PCP = posterior clinoid process.

FI G. 4. Photograph of cadaver specimen (A) and artist’s drawing (B) depicting the lateral view of the left cav-
ernous sinus showing the boundaries of the “clinoid space” ( s t a r s ) after the removal of the anterior clinoid
process. The paraclinoid segment of the internal carotid artery (ICA) with its distal (long open arrow) and prox-
imal (short open arrow) rings is adjacent to the middle third of this space. Posterior to the artery there is a small
triangular space covered by the deep layer of the superior wall SW(dl). Opening this membrane will lead to the
interior of the cavernous sinus. The anterior third of the clinoid space is frequently lateral to an extension of the
ethmoid or sphenoid (Sph.) sinus. The a r r o w h e a d indicates the sympathetic nerve. The scale is given in mil-
limeters. LW(dl) = lateral wall (deep layer); OA = ophthalmic artery; ON = optic nerve; SW(sl) = superior wall
(superficial layer); III = oculomotor nerve.



Clinoid Area or Space

The re m oval of the anterior clinoid process reve a l e d
an interd u ral space between both dural laye rs, wh i ch
s ep a rated at this level to wrap the bone pro c e s s .
B eyond this interd u ral space, the para clinoid or cl i-
noid segment of the ICA could be cl e a rly seen (Fi g.
4). Th e re was a small area anterior to the art e ry fre-
q u e n t ly occupied by an extension of the ethmoid   or
sphenoid air cells. Inadve rtent opening of these cells
d u ring surge ry may cause rhinorrhea. Th e re wa s
another small triangular area posterior to the ICA cov-
e red by the deep layer of the dura mat e r. Opening this
thin membrane would lead to the interior of the cav-
e rnous sinus (Fi g. 6). In five of our specimens, this
m e m b rane was incomplete. At the level of the ICA,
the deep layer of the dura mater became thicker to
fo rm the proximal ring of the art e ry (Figs. 4 to 6). Th i s
ring fused medially with the endosteal dura of the
c a rotid canal and posteri o rly gave at t a chment to the
i n t e rclinoid liga m e n t .

This deep layer continued lat e ra l ly with the deep
l ayer of the lat e ral wall of the cave rnous sinus and
with the dura mater of the superior orbital fi s s u re
( Figs. 5 and 6). The re m oval of the deep dural layer in
the clinoid area would expose the anterior bend of the
ICA and the antero i n fe rior venous space of the cav-
e rnous sinu s .

Discussion

A surgical ap p ro a ch through the superior wall of the
c ave rnous sinus, medial or lat e ral to the C3 s egment of
the ICA may allow a good view of the area that sur-
rounds the anterior bend of the art e ry. To obtain a cl e a r
ex p o s u re of the superior wall of the cave rnous sinu s ,
the surgeon should re m ove the anterior cl i n o i d
p rocess that may cover a large portion of this wa l l ,
u n roof the optic canal, and open the dural sheath of
the optic nerve, thus fa c i l i t ating the mobilization of
the nerve.
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FI G. 5. Photograph of cadaver specimen (A) and artist’s drawing (B) of the superolateral view of the right
cavernous sinus after removal of the anterior clinoid process. The continuity of the deep layer of the superior
wall SW(dl) with the deep layer of the lateral wall LW(dl) in the clinoid space area is clearly seen. The internal
carotid artery (ICA) and its distal (long arrow) and proximal (short arrow) dural rings can be identified. The
posterior attachment of the interclinoid ligament is shown (ICL) in the posterior clinoid process (PCP). The ocu-
lomotor nerve (III) is surrounded by a dural sheath ( a s t e r i s k ) of deep-layer origin. The a r r o w h e a d indicates the
sympathetic nerve. The scale is given in millimeters. LW(sl) = lateral wall (superficial layer); OA = ophthalmic
a r t e r y .



In this study, we divided the superior wall of the
c ave rnous sinus into three areas: the oculomotor tri -
go n e, the carotid tri gone and the clinoid space. A line
p a rallel to the interclinoid ligament sep a rated the
oculomotor tri gone postero l at e ra l ly from the caro t i d
t ri gone antero m e d i a l ly. The drilling of the anterior cl i-
noid process brought into view the third area or cl i-
noid space. Similar to the lat e ral wall of the sinu s ,1 5 i t s
s u p e rior wall was found to be fo rmed by two laye rs: a
smooth, superficial, and we l l - d e fined dural layer and
a thin and less-defined deep laye r. Sep a ration of both
l aye rs was easier in the oculomotor tri gone than in the
c a rotid tri go n e. Lat e ral to the area of the caro t i d
t ri go n e, both laye rs sep a rated to wrap the anterior cl i-
noid process. The superficial layer contri buted to the
fo rm ation of the distal ring of the ICA wh e reas the
d e ep layer contri buted to the fo rm ation of its prox i m a l
ri n g. Medial to the art e ry, both rings fused with the
endosteal dura of the carotid canal. Lat e ral to the

a rt e ry the rings, sep a rated by a distance of 5.4 � 1 . 2
mm, joined a layer of loose connective tissue that cov-
e red the lat e ral wall of the art e ry in this are a .

Our observations on the most anterior aspect of the
c ave rnous sinus (clinoid space) accord with those of
D o l e n c.3 , 4 He found that the two laye rs of dura sep a-
rated to envelop the anterior clinoid process and a part
of the anterior loop of the ICA. The inner re t i c u l a r
l ayer running infe rior to the anterior clinoid pro c e s s
fo rmed the proximal ring of the art e ry, and the super-
ficial layer continuing over the superior surface of the
clinoid process fo rmed the distal ri n g. He emphasize d
the fact that the para clinoid segment of the ICA wa s
ex t ra c ave rnous in locat i o n .

In our study, both laye rs of dura we re found not
o n ly in the area of the clinoid space but in the areas of
the oculomotor nerve and carotid tri gone as well. In
the clinoid space, the deep layer of dura was found to
be incomplete in five specimens. In these cases com-
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FI G. 6. Photograph of cadaver specimen (A) and drawing (B) depicting the superolateral view of the left cav-
ernous sinus after removal of the anterior clinoid process, the superficial dural layer of the superior and lateral
walls, and most of the deep layer of the superior wall SW(dl). The three areas of the superior wall of the sinus
can be seen without the dura mater cover. The opening of the posterior third of the clinoid space into the cav-
ernous sinus is now apparent (curved arrow). The interclinoid ligament (ICL) has been dissected free, showing
its anterior attachment to the proximal carotid ring (short arrow) and its posterior attachment to the posterior
clinoid process (PCP). Note the relationship between the anterior petroclinoid ligament (APCL) and the distal
carotid ring (long arrow). The deep dural layer of the superior wall SW(dl) contributes fibers to the dural sheath
( a s t e r i s k ) of the oculomotor nerve (III). The scale is given in millimeters. ICA = internal carotid artery; LW(dl)
= lateral wall (deep layer); OA = ophthalmic artery; PG = pituitary gland.



plete re m oval of the anterior clinoid process wo u l d
result in bleeding from the sinus despite the fact that
the clinoid space was actually ex t ra c ave rn o u s .

Using the superior wall of the cave rnous sinus as a
s u rgical ap p ro a ch had the adva n t age of a re l at ive lack
of nerve stru c t u res crossing it. Both the oculomotor
and tro chlear nerves entered this wall close to its lat-
e ral limit. The main stru c t u re crossing the wall wa s
the ICA.

Review of the Literature and Operative Techniques

The presence of a fi b rous ring surrounding the ICA
was fi rst mentioned by Pe rn e c z ky, et al. ,1 1 in 1985.
By re m oving the anterior clinoid process and cutting
this distal carotid ri n g, these re s e a rch e rs we re abl e
to expose the anterior siphon knee and clip infra cl i-
noid aneurysms without opening the cave rnous sinu s .
Clipping of intra c ave rnous ICA aneurysms via the su-
p e rior wa l l ap p ro a ch has also been described by Mat -
suoka, et al.9 These re s e a rch e rs opened the wall along
a line connecting the anterior and posterior cl i n o i d
p rocesses “to avoid damage to the cranial nerves ru n-
ning in the lat e ral wall of the sinu s .”

D i a z2 rep o rted that he began the dissection of the
roof of the sinus in the entry zone of the oculomotor
n e rve, identifying sequentially the fo u rth cranial nerve
and the fi rst division of the fifth cranial nerve in a
c raniocaudal direction. He noted that the process wa s
s i m p l i fied by opening the distal carotid ring start i n g
f rom the cave rnous sinus area and continuing to the
s u b a ra chnoid space.

Hakuba, et al. ,5 e n t e red the superior wall of the
s i nus through an area they called the “medial tri a n-
g l e,” wh i ch is fo rmed by connecting three points: the
a n t e rior margin of the C2 p o rtion of the ICA, the dura l
e n t rance of the third nerve, and the antero l at e ral mar-
gin of the posterior clinoid process. Sekhar, et al. ,1 4

d e s c ribed the use of the superior ap p ro a ch to the
c ave rnous sinus in 13 patients with intra c ave rn o u s
neoplasms. In 12 of these cases, the superior ap p ro a ch
was undert a ken in conjunction with the lat e ra l
ap p ro a ch. The unro o fing of the optic canal and re -
m oval of the anterior clinoid process we re perfo rm e d
i n t ra d u ra l ly. In Dolenc’s3 , 4 ap p ro a ch to the cave rn o u s
s i nus, the anterior clinoid process and the bone of the
optic canal we re re m oved ex t ra d u ra l ly.

Ko b ayashi and colleag u e s8 in 1989 described a
small dural recess or pouch in the 1 to 6 O’cl o ck posi-
tion medial to the carotid art e ry. Th ey called this dura l
p o u ch the “carotid cave” because it lies between the
c a rotid art e ry and the carotid sulcus of the sphenoid
b o n e. This carotid cave should not be confused with
either the clinoid space, wh i ch is located lat e ral to the
ICA or with the anterior cave rnous sinus space. Th e re
is some confusion in the literat u re rega rding the
l o c ation of the “carotid cave” in the superior wall of
the cave rnous sinus. In 1991, Sadasivan, et al. ,1 2

d e s c ribed the carotid cave as the anterior cave rn o u s
s i nus space, wh i ch they found located anterior and lat-
e ral to the cave rnous carotid art e ry. Sekhar, et al. ,1 4 i n

their commentary on the art i cle of Inoue, et al. ,7 a n d
D ay1 in his art i cle on aneurysms of the ophthalmic
s egment all re fe rred to the clinoid space as being iden-
tical to the carotid cave.

The presence of two laye rs of dura mater in the
s u p e rior wall of the cave rnous sinus confo rms to sim-
ilar dural arch i t e c t u re that we found in its lat e ra l1 5 a n d
p o s t e rior wall (our unpublished observations). Fur-
ther anatomical studies should cl a rify whether this
d u ral pat t e rn is present in the other walls of the sinu s
as we l l .
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