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OF THE

OBJECTIVE: To define the characteristics of the arachnoidal sleeve and cistern that
accompany the oculomotor nerve through the cavernous sinus roof.
METHODS: Forty cavernous sinuses were examined using 3 to 40x magnification.
Information was obtained about the size of the oculomotor cistern and its relationship
to the roof of the cavernous sinus and anterior clinoid process.
RESULTS: An arachnoidal sleeve and cistern, referred to as the oculomotor cistern,
accompanied the oculomotor nerve into the roof of all the cavernous sinuses examined. The oculomotor cistern extends from the oculomotor porus, where the nerve
enters the roof of the cavernous sinus, to the area below the tip or the adjacent part of
the lower margin of the anterior clinoid process. From the porus, the nerve passes
forward and downward to the depth of the cistern where it becomes incorporated into
the fibrous lateral wall of the cavernous sinus. The width of the cistern was maximal
at the oculomotor porus averaged 5.5 mm (range, 3.0–9.2 mm), and tapered slightly
towards the midpoint and deep end of the cistern. The cistern’s average length was 6.5
mm (range, 3.0–11.0 mm). The oculomotor nerve usually coursed closer to the
anterior than the posterior wall of the cistern at the level of the oculomotor porus.
CONCLUSION: The oculomotor cistern, an arachnoidal and dural cuff, accompanies
the oculomotor nerve through the cavernous sinus roof to the area just below or
anterior to the lower edge of the tip of the anterior clinoid process. The segment of the
nerve inside the oculomotor cistern is interposed between its free portion in the
interpeduncular cistern and the part of its course where it is incorporated into the
fibrous lateral wall of the cavernous sinus. The cistern can be opened to aid in the
exposure and mobilization of the nerve in dealing with pathology in the area.
KEY WORDS: Cavernous sinus, Microsurgical anatomy, Oculomotor cistern, Transcavernous approach
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T

he nerves coursing through the cavernous sinus are accompanied, for a variable distance, by arachnoidal membranes, which delimit small sleeve-like cisterns (9, 12, 13).
However, the understanding of the anatomic characteristics of
these cisterns is incomplete. We elected to examine the characteristics of the cistern around the oculomotor nerve because of its
importance as a landmark for approaches to the basilar apex,
basal cisterns, middle cranial base, suprasellar area, and to the
roof and lateral wall of the cavernous sinus.

MATERIALS AND METHODS
Forty adult cadaveric cavernous sinuses were examined using
3 to 40⫻ magnification. Thirty sinuses were used for the cisternal
measurements, and 10 sinuses were dissected to define the relationship of the oculomotor cistern to the roof of the cavernous
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sinus and the anterior clinoid process. The oculomotor cistern
began at the oculomotor porus, an opening in the oculomotor
triangle that forms the posterior part of the roof of the cavernous
sinus. The length of the oculomotor cistern was measured after
incising the part of the roof of the cavernous sinus that forms the
superior wall of the oculomotor cistern. The flaps bordering the
incision were reflected to expose the full length of the oculomotor
cistern and the path of the nerve (Figs. 1 and 2). The width of the
cistern and the third nerve at the porus and at the midpoint of the
length of the cistern were defined. The distances between the
cistern and the entrance of the trochlear nerve in the roof of
cavernous sinus posteriorly and the upper dural carotid ring
anteriorly were measured. The relationship between the deep
end of the oculomotor cistern where the dura becomes tightly
adherent to the nerve and the anterior clinoid tip was examined
(Figs. 1 and 2).
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FIGURE 1. Stepwise dissection of right cavernous sinus showing the relationships of the oculomotor cistern. A, lateral wall of cavernous sinus extends
downward from the tentorial edge and blends into dura covering Meckel’s
cave and middle fossa. Oculomotor and trochlear nerves enter roof of cavernous sinus. Carotid artery exits cavernous sinus on medial side of anterior clinoid process. B, outer layer of dura has been peeled away from lateral wall of
cavernous sinus, oculomotor cistern, and Meckel’s cave. Thin layer covering
oculomotor cistern and Meckel’s cave consists, in part, of arachnoid membrane extending forward around oculomotor and trigeminal nerves. Superior
petrosal sinus passes above ostium of Meckel’s cave. C, oculomotor nerve
enters a short cistern in sinus roof (yellow arrow) and does not become
incorporated into fibrous lateral wall until it reaches lower margin of anterior
clinoid process (red arrow). Arachnoid covering of Meckel’s cave, which
extends forward around posterior trigeminal root to level of mid portion of the
ganglion, has been removed. D, remaining dura covering the lateral sinus
wall and venous plexus surrounding nerves has been removed. Point where
the nerve enters the porus of oculomotor cistern (yellow arrow) and point

where the nerve becomes incorporated into the fibrous sinus wall (red
arrow). E, anterior clinoid process has been removed. Optic strut separates
optic canal and superior orbital fissure. Dura, extending medially off of the
upper surface of the anterior clinoid, forms distal dural ring around internal
carotid artery. Dura lining lower margin of clinoid and separating clinoid
from oculomotor nerve extends medially to form proximal dural ring. Clinoid
segment of carotid artery is located between upper and lower rings. Distal
and proximal dural rings converge posteriorly at tip of anterior clinoid just
above where oculomotor cistern ends (red arrow) and nerve becomes incorporated into fibrous lateral wall of the sinus. F, some of distal and proximal
rings have been removed to show dural rings converging posteriorly above
area where oculomotor cistern ends just below the tip of anterior clinoid process. A., artery; Ant., anterior; Car., carotid; Cav., cavernous; Cist., cistern;
Clin., clinoid; CN, cranial nerve; Fiss., fissure; Gang., ganglion; Mid., middle; Oculom., oculomotor; Orb., orbital; Ophth., ophthalmic; Pet., petrosal;
Post., posterior; Prox., proximal; Seg., segment; Sup., superior; Tent., tentorial; Troch., trochlear.
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BASIC ANATOMIC CONSIDERATIONS
The oculomotor nerves arise from midbrain on the medial
side of the cerebral peduncles. They travel in the lateral wall of
the interpeduncular cistern and form the pillars to which the
leaves of Liliquist’s and other arachnoid membranes, which
separate the cisterns at the junction of the supra and infraten-

4
FIGURE 2. A, superolateral view of right oculomotor nerve at level of oculomotor triangle and porus of oculomotor cistern. Oculomotor triangle is located
between anterior and posterior petroclinoidal and interclinoid dural folds. B,
oculomotor cistern has been opened by incising lateral wall of cistern and
anterior petroclinoidal ligament, and a dissector has been inserted in cistern.
C–F, another specimen. C, superolateral view. Right oculomotor nerve enters
roof of cavernous sinus through oculomotor triangle. D, oculomotor cistern has
been opened, and dura above the cistern has been retracted laterally to expose
oculomotor nerve in cistern. Oculomotor nerve and dissector inserted in cistern
are surrounded by an arachnoidal cuff that is continuous with walls of cisterns
in suprasellar area. Oculomotor cistern has conical shape. Its width is maximal
at oculomotor porus and tapers toward deep end of cistern, which is located just
below or slightly anterior to tip of anterior clinoid. Sphenoid sinus has been
opened. E, superior view. Oculomotor cistern extends forward to area below tip
of anterior clinoid process. F, anterior clinoid has been removed, and dura has
been retracted from roof of sinus. Sinus roof is formed anteriorly by dura lining
lower margin of anterior clinoid process and posteriorly by patch of dura between
anterior and posterior clinoid processes and petrous apex. Clinoidal triangle,
exposed by removing anterior clinoid process, forms anterior part of cavernous
sinus roof. Dura covering upper surface of clinoid extends medially to form upper
or distal dural ring of carotid artery. Dura lining lower margin of anterior clinoid
process, which separates anterior clinoid from oculomotor nerve and extends
medially to surround carotid artery, is called carotidoculomotor membrane.
Carotidoculomotor membrane at site where it wraps around carotid artery forms
proximal, or lower, dural ring. Upper and lower rings delimit clinoidal segment
of carotid artery. G, schematic representation of oculomotor cistern showing sites
of measurements (Table 1). Orientation as in A and B of illustration. a–d,
maximal width of cistern at porus (average, 5.5 mm; range, 3.0–9.2 mm). e–h,
width of cistern at midpoint of its length (average, 4.4 mm; range, 3.0–7.1 mm).
i–j, length of oculomotor cistern (average, 6.5 mm; range, 3.0–11.0 mm). a–b,
distance between anterior border of oculomotor nerve and anterior border of
porus of cistern (average, 0.9 mm; range, 0–2.5 mm). b–c, diameter of oculomotor nerve at porus (average, 2.7 mm; range, 1.5–4.1 mm). c–d, distance between
posterior border of oculomotor nerve and posterior edge of porus of cistern
(average, 2.2 mm; range, 0.8–4.2 mm). e–f, distance between anterior border of
oculomotor nerve and anterior border of midpoint of cisternal length (average,
1.3 mm; range, 0.0–2.5 mm). f–g, diameter of oculomotor nerve at midpoint of
cisternal length (average, 2.5 mm; range, 1.6–3.4 mm). g–h, distance between
posterior border of oculomotor nerve and posterior edge of cistern at midpoint of
cisternal length (average, 1.6 mm; range, 0.0–2.9 mm). H, schematic representation of a lateral view of cavernous sinus showing measurements taken in this
area. k–l, distance between midpoint of oculomotor porus and trochlear porus
(average, 10.2 mm; range, 6.9–13.1 mm). k–m, distance between midpoint of
oculomotor porus and posterior edge internal carotid artery at level of distal
carotid dural ring (average, 7.9 mm; range, 5.4–9.7 mm). n–o, horizontal
distance between anterior clinoid tip and deep end of oculomotor cistern (average,
2.4 mm; range, 0–5.6 mm). A., artery; Ant., anterior; Car., carotid; Cist.,
cistern; Clin., clinoid; CN, cranial nerve; Interclin., interclinoid; Memb., membrane; Oculom., oculomotor; Ophth., ophthalmic; P.C.A., posterior cerebellar
artery; Petroclin., petroclinoid; Pit., pituitary; Post., posterior; Prox., proximal;
S.C.A., superior cerebellar artery; Seg., segment.
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torial areas, attach (Fig. 3) (6, 7, 8, 14). The six membranes that
converge on and form a sleeve around each oculomotor nerve
in the lateral wall of the interpeduncular cistern are Liliquist’s
membrane formed by both a mesencephalic membrane, which
separates the interpeduncular and prepontine cisterns, and a
diencephalic membrane, which separates the interpeduncular
and chiasmatic cisterns; the anterior pontine membrane,
which separates the cerebellopontine and prepontine cisterns;
the lateral pontomesencephalic membrane, which separates

FIGURE 3. A, inferior view of right oculomotor nerve and arachnoid membrane
around right nerve and cisterns delimited by them. Six membranes that converge on
and form a sleeve around each oculomotor nerve are Liliquist’s membrane formed by
mesencephalic membrane, which separates interpeduncular and prepontine cisterns,
and diencephalic membrane, which separates the interpeduncular and chiasmatic
cisterns; anterior pontine membrane, which separates the cerebellopontine and prepontine cisterns; lateral pontomesencephalic membrane, which separates ambient and
cerebellopontine cisterns; medial carotid membrane, which separates chiasmatic and
carotid cisterns; and lateral carotid membrane, which extends from optic to oculomotor nerve and forms lateral wall of carotid cistern. B, schematic representation of
membrane and cisterns around oculomotor nerve. Orientation as in A. A., artery;
Ant., anterior; Bas., basilar; Car., carotid; Cereb., cerebellar; Chiasm., chiasmatic;
Cist., cistern; CN, cranial nerve; Comm., communicating; Dienc., diencephalic;
Interped., interpeduncular; Lat., lateral; Med., medial; Memb., membrane; Mes.,
Mesenc., mesencephalic; P.C.A., posterior cerebral artery; Pont., pontine; Post.,
posterior; Prepont., prepontine; S.C.A., superior cerebellar artery; Seg., segment;
Tr., tract.
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TABLE 1. Oculomotor cistern measurements, average, standard deviation, and range (n ⴝ 30)

Width of cistern at porus
Width of cistern at midpoint of length
Length of cistern
Distance between anterior border of nerve and anterior border of porus of cistern
Diameter of oculomotor nerve at porus
Distance between posterior edge of nerve and posterior edge of porus of cistern
Distance between anterior edge of nerve and anterior edge of midpoint of cisternal length
Diameter of nerve at midpoint of cisternal length
Distance between posterior edge of nerve and posterior edge of midpoint of cisternal length
Distance between midpoints of oculomotor and trochlear porus
Distance between midpoint of oculomotor porus and posterior edge of internal carotid
artery at distal dural ring
Horizontal distance between anterior clinoid tip and deep end of oculomotor cistern

the ambient and cerebellopontine cisterns; the medial carotid
membrane, which separates the chiasmatic and carotid cisterns; and the lateral carotid membrane, which extends from
the optic to the oculomotor nerve and forms the lateral wall of
the carotid cistern (Fig. 3).
Shortly after its origin, the nerve passes between the posterior cerebral and superior cerebellar arteries and courses
above and medial to the tentorial edge where it is medial to
the apex of the uncus and lateral to the posterior communicating artery, except in some instances when the communicating artery is of a fetal type and passes above and lateral to the
nerve (9). This interpeduncular cisternal segment ends at the
oculomotor porus where the nerve pierces the roof of the
cavernous sinus (Fig. 2).
The roof of the cavernous sinus faces the basal cisterns and
spans the area between the lower surface of the anterior clinoid process anteriorly and the area between the posterior
clinoid process and petrous apex posteriorly. The sinus roof is
formed anteriorly by the dura lining the lower margin of the
anterior clinoid process and posteriorly by the triangular
patch of dura between the dural folds extending between the
anterior and posterior clinoid processes and the petrous apex
that form the edges of the oculomotor triangle (Fig. 4). The
anterior petroclinoid dural fold, an anterior extension of the
tentorial edge, extends from the anterior clinoid process to the
petrous apex and forms the lateral margin of the oculomotor
triangle. The medial edge of the oculomotor triangle is formed
by the interclinoid ligament, which extends from the anterior
to the posterior clinoid process, and the posterior edge of the
triangle is formed by the posterior petroclinoid fold, which
extends from the posterior clinoid process to the petrous apex.
The oculomotor nerve enters the roof of the cavernous sinus
near the center of the oculomotor triangle where a dural and
arachnoidal pouch surround and accompany the nerve (Fig.
2). The pouch and enclosed cistern communicate with the
basal cisterns located above the roof of the cavernous sinus.
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Line

Average, mm
(standard deviation)

Range
(mm)

(a– d)
(e– h)
( i–j)
(a– b)
(b– c)
(c– d)
(e–f)
( f– g)
(g– h)
(k–l)
(k–m)

5.5 (⫾1.1)
4.4 (⫾1.0)
6.5 (⫾1.5)
0.9 (⫾0.6)
2.7 (⫾0.6)
2.2 (⫾0.9)
1.3 (⫾0.4)
2.5 (⫾0.4)
1.6 (⫾0.5)
10.2 (⫾1.9)
7.9 (⫾1.2)

3.0 –9.2
3.0 –7.1
3.0 –11.0
0 –2.5
1.5– 4.1
0.8 – 4.2
0.6 –2.5
1.6 –3.4
0 –2.9
6.9 –13.1
5.4 –9.7

(n– o)

2.4 (⫾1.6)

0 –5.6

The cistern is an extension of the arachnoid at the junction of
the walls of the carotid, chiasmatic, prepontine, interpeduncular, and cerebellopontine cisterns. The nerve passes forward
and downward through the cistern to where it becomes incorporated into the fibrous lateral wall of cavernous sinus near
the lower edge of the tip of the anterior clinoid process (Fig. 2).
The nerve passes along the lower margin of the anterior
clinoid process, being separated from it by the thin layer of
dura that lines the lower surface of the clinoid and forms the
anterior part of the roof of the cavernous sinus. The dura
lining the lower margin of the anterior clinoid process that
separates the clinoid from the oculomotor nerve and extends
medially to surround the internal carotid artery is called the
carotidoculomotor membrane. This membrane surrounds the
carotid artery to form the proximal or lower dural ring. The
dura covering the upper surface of the anterior clinoid extends
medially to form the upper or distal dural ring around the
carotid artery (Figs. 1, 2, and 4) (10).
The oculomotor nerve in the anterior part of the roof of the
cavernous sinus, just posterior to the superior orbital fissure,
splits into its superior and inferior divisions. The divisions pass
through the medial part of the superior orbital fissure and
through the annular tendon at the orbital apex where the superior division enters the lower surface of the superior rectus and
levator muscles. The inferior division, hidden under the optic
nerve, divides into three branches that are distributed to the
medial and inferior rectus and inferior oblique muscles. The
branch to the inferior oblique muscle gives rise to the pupilloconstrictor (parasympathetic) fibers to the ciliary ganglion.

RESULTS
The oculomotor porus, the opening in the dural roof through
which the nerve and the arachnoidal pouch pass, has an elongated oval shape with its greatest diameter in the anteroposterior
direction (Fig. 2). The cistern has an elongated funnel shape. The
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FIGURE 4. A, superior view of oculomotor triangle and roof of cavernous sinus.
Dura covering the upper surface of right
anterior clinoid process and optic canal has
been removed. Roof of cavernous sinus is
formed anteriorly by dura lining lower
margin of anterior clinoid and posteriorly
by dura covering oculomotor triangle located between anterior and posterior petroclinoidal and intraclinoidal dural folds.
Oculomotor nerve enters oculomotor cistern by passing through oculomotor triangle. B, anterior clinoid process and dura in
roof of oculomotor triangle have been removed. Clinoidal and oculomotor triangles
form roof of cavernous sinus. Removing
anterior clinoid exposes floor of clinoidal
triangle. Dura separating lower surface of
clinoid from oculomotor nerve extends medially around carotid artery and forms
floor of clinoidal triangle and anterior part
of roof of cavernous sinus. C, another specimen. Outer layer of dura lining roof and
lateral wall of cavernous sinus has been
removed while preserving inner layer of
dura. Oculomotor triangle is positionedbetween anterior and posterior clinoid processes and petrous apex. Anterior part of
roof of cavernous sinus is formed by dura
separating anterior clinoid and oculomotor
nerve that extends medially to form lower
dural ring. Posterior part of roof is formed
by dura of oculomotor triangle. D, superolateral view, similar to the view in a frontotemporal craniotomy of a right oculomotor cistern. Cistern was opened by
introducing small nerve hook into cistern
and incising superior wall of cistern. A.,
artery; Ant., anterior; Car., carotid; Cav.,
cavernous; Cist., cistern; Clin., clinoid;
CN, cranial nerve; Interclin., interclinoid;
Oculom., oculomotor; Ophth., ophthalmic; P.C.A., posterior cerebral artery; Petroclin., petroclinoid; Post., posterior;
Prox., proximal; Sphen., sphenoid;
S.C.A., superior cerebellar artery; Triang.,
triangle.

oculomotor nerve, after descending below the level of the roof of
cavernous sinus and porus, continues forward and downward in
a short arachnoidal pouch in the sinus roof. The oculomotor
cistern has an average length of 6.5 mm (range, 3.0–11.0 mm).
The nerve does not become incorporated into the fibrous lateral
wall of cavernous sinus until it reaches the lower margin of the
anterior clinoid process where the cistern ends. The deepest point
of the cistern varies from being directly below the tip of the
anterior clinoid process to 5.6 mm anterior (average 2.4 mm) to
the lower edge of the clinoid tip (Fig. 2).
The cisternal width is greatest at the oculomotor porus
(average, 5.5 mm; range, 3.0–9.2 mm) and tapers slightly to-
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ward the midpoint of the cisternal length where the average
width of the cistern is 4.4 mm (range, 3.0–7.1 mm). In three
specimens (10%), the width of the cistern at the midpoint is
greater than at the porus, and the two diameters are equal in
one specimen. The diameter of the oculomotor nerve at the
porus and the midpoint of the cisternal length averages 2.7
mm (range, 1.5–4.1 mm) and 2.5 mm (range, 1.8–3.4 mm),
respectively. It was common to observe an impression on the
upper surface of the nerve at the level of the porus.
The position of the oculomotor nerve, in relation to the
cisternal walls, varies at different points inside the cistern. The
nerve occupies 48.3% of the total anteroposterior diameter of
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the cistern at the porus and is eccentrically located nearer the
anterior than the posterior wall of the cistern. At the porus, the
average distance between the nerve and the anterior border of
the porus is 0.9 mm (range, 0–2.5 mm). The greater part of the
anteroposterior diameter of the cistern is located anterior to
the nerve in 15.2% of the specimens and posterior to it in
36.4%. In five specimens, the nerve rests against the anterior
edge of the porus, which indents the upper edge of the nerve.
At the midpoint of the cisternal length, the nerve occupies a
similar amount of the cisternal width (47%) but its positioning
is slightly more posterior because only 23.4% of the width is
anterior to it. The average distance between the nerve and the
anterior cisternal wall at the midpoint is 1.3 mm (range, 0.6–
2.5 mm). At the midpoint, no nerve rests against the anterior
wall, but one nerve rests against the posterior wall. There is
usually a 0.7 mm or greater separation between the nerve and
the walls of the cistern. At the oculomotor porus, the distance
between the nerve and the posterior edge of the cistern averages 2.2 mm (range, 0.8–3.7 mm), whereas at midpoint, it
averages 1.6 mm (range, 0.0–2.9 mm). The distance between
the midpoint of the porus and the posterior edge of the internal carotid at the level of the upper dural ring averages 7.9
mm (range 5.4–9.7 mm), similar to that reported in previous
studies (4, 5, 9, 13). The trochlear nerve enters the dura near
the posterior angle of the oculomotor triangle and posterolateral to the oculomotor porus. The entry point of the trochlear
nerve is on average 10.2 mm (range, 6.9–13.1 mm) posterior to
the midpoint of the oculomotor porus, which is in accordance
with previously published data (5). The narrow cistern around
the trochlear nerve extends forward below the oculomotor
cistern and superomedial to the Meckel’s cave, which surrounds the posterior trigeminal root and adjacent part of the
gasserian ganglion (Fig. 1).

DISCUSSION
The conical shaped oculomotor cistern has dural and arachnoidal walls that extend from the oculomotor porus to just
below or anterior to the tip of the anterior clinoid. The cerebrospinal fluid has free access to the cistern through the oculomotor porus and bathes the nerve for part of its trajectory,
thus creating a hydraulic cushion around the nerve in its
initial course inside the rigid roof of the cavernous sinus. The
portion of the oculomotor nerve inside the oculomotor cistern
is a transitional segment between the free cisternal portion in
the walls of the interpeduncular cistern and the firmly fixed
portion of the nerve in the fibrous lateral wall of the cavernous
sinus. The opened space around the oculomotor nerve at its
entry point in the cavernous sinus may facilitate the growth of
tumors into the cistern around the nerve (3).
The roof and lateral wall of the cavernous sinus are commonly exposed and may be opened in dealing with aneurysms and tumors in the region (15). The presence of a cistern
around the nerve, rather than having the nerve tightly bound
in the dura, adds a margin of safety to the exposure of the
nerve in the roof of the sinus. The fact that the nerve is not

ONS-226 | VOLUME 58 | OPERATIVE NEUROSURGERY 2 | APRIL 2006

tightly incorporated into the dura at the level of the cistern
aids in its exposure and mobilization during procedures involving the roof and lateral wall of the cavernous sinus (Fig. 4)
(2). The oculomotor nerve usually courses closer to the anterior than the posterior edge of the porus of the cistern. The
presence of the oculomotor cistern makes it safer to expose the
segment coursing under the oculomotor triangle than in the
area below the clinoidal triangle and the anterior clinoid process where the nerve is tightly bound in the fibrous dura (Figs.
2 and 4).
It has been shown (1) that the site of entrance of the third
nerve into the dural roof the cavernous sinus varied in relation
to the angle between the two exiting oculomotor nerves. A
larger inter-third nerve angle is associated with a more lateral
third nerve trajectory, whereas a small inter-third nerve angle
is associated with a more medial entry into the cavernous
sinus. The position of the oculomotor nerve nearer the anterior
limit of the cistern at the oculomotor porus, as seen in 17% of
the specimens in this study, may place the nerve at a higher
risk of damage during approaches to the cavernous sinus that
require opening the roof anterior to the nerve, as in the transcavernous approach to the basilar apex (Fig. 4) (15). In this
situation, opening of the porus by incising the dura over an
angled dissector introduced into the porus, as popularized by
Seoane et al. (11), adds to the safety of this maneuver.

CONCLUSION
The oculomotor nerve is accompanied in its course through
the roof of the cavernous sinus by an arachnoidal cuff that
delimits a sleeve-like cistern that communicates with the basal
cisterns. The segment of the nerve inside the oculomotor cistern is interposed between its free portion in the interpeduncular cistern and the part of its course where it is firmly fixed
in the fibrous lateral wall of the cavernous sinus.
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COMMENTS

M

artins et al. have elegantly studied and reported on the anatomy
of the oculomotor cistern, which is well known to microsurgeons working in the area of the cavernous sinus. During surgery for
vascular or neoplastic lesions of this area, this cistern and the dural
coverings of the oculomotor nerve can be opened to gain additional
working space and to liberate the nerve, which may be tumor encased.
Tumors within the cavernous sinus, particularly, pituitary tumors,
chordomas, and chondrosarcomas, appear to break into the carotid
cistern through the oculomotor cistern by following the oculomotor
nerve retrograde. As always, neurosurgeons can learn a lot by just
studying the pictures in this article for a long time. If the Creator made
it intriguing and beautiful, Martins et al. enhance it by their study and
wonderful photographs.
Laligam N. Sekhar
Seattle, Washington

T

he authors present a detailed anatomic study on the dural sac of
the third cranial nerve and its relation to the cavernous sinus. This
study gains from its excellent anatomic imaging and its schematic
drawings. The measurements show a high variability regarding the
size of the cistern in 30 measured cisterns. As the authors point out,
the opening of this meningeal covering can help us to mobilize the
oculomotor nerve when dealing with lesions of this area.
Wolf Lüdemann
Madjid Samii
Hannover, Germany

T

his is an excellent study of the specific anatomic features of the
oculomotor nerve passage into the lateral wall of the cavernous
sinus. The anatomic feature of an arachnoidal cistern following the
nerve as it passes into the porus oculomotorius is what allows us to
easily free the nerve in the lateral wall for at least a short distance
before it becomes fixed by its surrounding connective tissue sheath.
Careful review of these excellent dissections should also demonstrate the features that allow mobilization of the oculomotor nerve
when performing an approach to the interpeduncular cistern. As in
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the case of a basilar tip aneurysm, removal of the posterior clinoid
process affords added exposure. This can be further expanded by
incising the incisural edge above the porus oculomotorius and following this incision to the point of “fixation” of the third nerve. The
incisural edge is moved anteriorly, and the third nerve can be moved
1 to 3 mm laterally. This maneuver gains length on the nerve and
allows lateral mobilization of the nerve, thus further expanding the
view to the interpeduncular cistern and basilar trunk. The authors’
very focused study should help in the understanding of such helpful
surgical maneuvers.
John D. Day
Englewood, Colorado

T

his superb review of the microsurgical anatomy of the cavernous
sinus and of the paracavernous sinus regions focuses on the cisternal compartment surrounding the oculomotor nerve as it enters the
roof of the cavernous sinus. One way, perhaps, of understanding the
fundamental concept of the oculomotor cistern as described in detail
in this report would be to view this cistern in the larger context of
cisternal pouches that accompany cranial nerves as they cross the
petroclinoid boundary. The largest of these pouches is undoubtedly
the cistern that accompanies the trigeminal nerve and ganglion, best
known under its eponym of Meckel’s cave. The oculomotor cistern,
situated just superomedially to Meckel’s cave is similar in design,
albeit smaller. From reading this report, I have the impression that the
trochlear nerve may also have its own cistern surrounding it as it
enters the roof of the cavernous sinus. The microsurgical implications
of all of these cisterns in general, and of the oculomotor cistern in
particular, are considerable. Just as tumors such as meningiomas and
especially trigeminal schwannomas can insinuate into Meckel’s cave,
I suspect they can also enter and bloat the oculomotor cistern, from
which they can be extracted by opening the dura and the arachnoid
overlying the cistern in the oculomotor triangle. The point the authors
make about the relative freedom of the oculomotor nerve in its cistern
versus its adherence to the dura, once it reaches the level of the
anterior clinoid, is also worth remembering. Specifically, opening the
roof of the cistern may allow for some relaxation and mobilization of
the oculomotor nerve, even in nontumor-related procedures. As in the
past, Dr. Rhoton and his collaborators have again provided us with a
marvelous blueprint for one of the most complicated regions of the
skull base.
Ivan Ciric
Evanston, Illinois

T

his paper exemplifies another fine work of microsugical anatomy
by Martins et al., this time dealing with the oculomotor cistern. As
for arachnoidal sleeves around cranial nerves, Meckel’s cave for the
trigeminal nerve and Dorello’s canal for the abducent nerve are well
known. It is an interesting undertaking to call attention to and examine the “oculomotor cistern” in this paper because the oculomotor
nerve is an important component forming the cavernous sinus, where
various surgical pathologies are encountered, and it is a nerve most
vulnerable to surgical manipulation, requiring detailed knowledge of
its anatomy and refined surgical technique.
Some of the interesting findings in the paper and my comments are
as follows. 1) The finding that the distance between the porus and the
end of the cistern is so variable, measuring 3 to 11 mm, warns us that
in some cases, there is almost no cistern around the oculomotor nerve.
2) The finding that the distance between the midpoint of the oculo-
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motor nerve and entry point of the trochlear nerve is not as constant
as often taught, varying from 6.9 to 13.1 mm, makes it a bit difficult to
assume the entry point when surgically approaching the trochlear
nerve with the tip of the anterior clinoid process or the oculomotor
porus as a landmark. 3) Proximity of the oculomotor nerve to the
anterior wall of the porus, occasionally forming an indentation on the
superior aspect of the nerve, is of interest. This means, in addition to
the comment by the authors, that surgery of an infratentorial tumor
such as petroclival meningioma could easily cause oculomotor paresis
by inadvertently pressing the nerve superiorly. 4) Having knowledge
of the trajectory of the oculomotor nerve and cistern, one could open
the cistern without causing damage to the nerve until the end of the
cistern. Then, as the nerve is incorporated into the lateral wall of the
cavernous sinus, one should be very careful not to move the nerve at
its anchoring point. Further dissection of the nerve distally should be
made extremely carefully or should best be avoided if at all possible
because of its tight adhesion to the fibrous structure. The direction of
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the course of the nerve may change depending upon the surrounding
local structures. In my experience, the course of the oculomotor nerve
can often be seen well from superiorly through the carotid oculomotor
membrane after removal of the anterior clinoid process. Last but not
the least, I would like to stress the importance of recognizing the
variation of the local anatomy in the cavernous sinus region. To know
the variations in various structures in this region, preoperative imaging studies using recently developed fine techniques such as threedimensional constructive interference in steady state magnetic resonance imaging will be instrumental.
This is not to underestimate the value and importance of knowing
the standard anatomy when dealing with various cases and variations, and for that purpose, the beautiful pictures of anatomy in this
paper are very valuable.
Shigeaki Kobayashi
Matsumoto, Japan
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