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New Anatomical Description of

the Cavernous Sinus Surface and

Its Significance in Microsurgery

The cavernous sinus and the sella turcica are

important regions for microsurgeons treating carotid
artery aneurysms; carotid-cavernous fistulae; caver-
nous sinus thrombosis; pituitary, orbital, and osseous

tumors; and skull base inflammations. Cranial nerves

III, IV, V, and VI and the internal carotid artery and its
branches pass here through a very limited space. There-
fore, precise orientation with respect to constant ana-
tomical landmarks, including the surface morphology,
is necessary for microsurgical and neuroendoscopic
approaches with a limited field of vision, or "key-hole-
surgery."'

Detailed descriptions of the architecture of the cav-

ernous sinus are common in the anatomical litera-
ture,2-14 whereas the surface structure is presented only
cursorily. This study presents a precise description of
the dorsal tip of the cavernous sinus and defines the en-

trance points of the cranial nerves by using simple geo-
metric figures such as triangles, as proposed by Do-

lenct5 and Umansky et al,'6 in relation to bony struc-
tures.

The transversal plate'4"7 of the cavernous sinus
changes in medial direction toward the sella turcica,
which is closed cranially by the sellar diaphragm. We
investigated this region with regard to common varia-
tions such as dehiscences and rope-like adhesions.

MATERIALS AND METHODS

Specimens

The 48 specimens from adults (31 to 93 years old,
24 females and 24 males) were fixed in 4% buffered
formaldehyde solution and used for the investigation.

We defined several distances and triangles involv-
ing anatomical structures that could be easily deter-
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mined by use of a caliper. The measurements were taken
twice by two independent investigators at different
times, and the two measurements for each distance were
averaged.

For the investigation of meningeal variations, we
used two additional specimens from male neonates. Fig-
ure 1 illustrates the details of anatomical measurements
for microsurgery.

Definitions

Distances

1. Width of the dorsum sellae: Distance between the
tips of the posterior clinoid processes (PCLPs)

2. Width of the sellar diaphragm: Distance between
its most lateral points

3. Distance between the dural entrance of the oculo-
motor nerve and the anterior clinoid process
(ACLP)

4. Distance between the dural entrance of the oculo-
motor nerve and the PCLP

5. Distance between the dural entrance of the troch-
lear nerve and the PCLP

6. Distance between the dural entrance of the troch-
lear nerve and the pore of the oculomotor nerve

7. Distance between the dural entrance of the trigem-
inal nerve and the pore of the trochlear nerve

8. Distance between the pores of the abducent and
trigeminal nerves

9. Distance between the pore of the abducent nerve
and the cranial point of the dorsum sellae in the
midsaggital plane

10. Length of the posterior pretroclinoid fold, from
the ventromedial tentorial edge to the PCLP

11. Length of the anterior petroclinoid fold, from the
ventromedial tentorial edge to the ACLP

Triangles
We defined three triangles and measured the lengths

of their sides. The edges of the triangles are formed by
constant anatomical landmarks. The dural entrance points
of the pituitary stalk, the cranial nerves, and the trunk of
the internal carotid artery are determined by the orienta-
tion of the triangles.

1. Preinfundibular triangle (Fig. 2)
Right and left border: From the point where the pi-
tuitary stalk penetrates the dura to the medial en-
trances of the right and left optic nerves, respec-
tively
Anterior border: Connecting the medial points of
each optic nerve before entering the optic canal

ANATOMY OF THE SELLAR REGION
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Figure 1. Schematic drawing of the
normal anatomy of the sellar region. SD,
sellar diaphragm; PS, pituitary stalk; ON,
optic nerve; ICA, internal carotid artery;
CL, clivus; DS, dorsum sellae; PPF, poste-
rior petroclinoid fold; APF, anterior petro-
clinoid fold; PCLP, posterior clinoid pro-
cess; ACLP, anterior clinoid process.
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PREINFUNDIBULAR TRIANGLE
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Figure 2. Schematic drawing of the
preinfundibular triangle. LB, left border;
RB, right border; AB, anterior border.
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Figure 3. Schematic drawing of the
parasellar triangle. LB, lateral border; VB,
ventral border; MB, medial border.
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INTERNAL CAROTID ARTERY TRIANGLE
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2. Parasellar triangle (Fig. 3)
Medial border: Length of the anterior petroclinoid
fold, from the ventromedial tentorial edge to the
ACLP
Laiteral border: Length of the posterior petroclinoid
fold, from the ventromedial tentorial edge to the
PCLP
Ventral border: Connecting the ACLP to the PCLP

3. Internal carotid artery triangle (Fig. 4)
Laterail border: Connecting the ACLP and the lateral
point of the optic nerve just outside the optic canal
Medical border: Connecting the PCLP and the lateral
point of the optic nerve just outside the optic canal
Posterior border: Connecting the ACLP to the PCLP

Variations in the Meningeal Morphology of the
Sellar Region

We observed whether a dehiscence of the sellar di-
aphragm and rope-like adhesions around the pituitary
stalk were present.

RESU LTS
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Figure 4. Schematic drawing of the
internal carotid artery triangle. MB, me-
dial border; LB, lateral border; DB, dorsal
border.

Triangles

The measurements of the triangle sides are listed in
Table 2. There are only minimal differences between the
values for the left and right sides.

Variations of Meningeal Morphology of the
Sellar Region

In 34% of the cases, a dehiscence of the sellar di-
aphragm (Fig. 5) was obvious. The dehiscence varied
from 3 to 8 mm in diameter. In most cases (66%), the di-
aphragm surrounded the pituitary stalk like a collar
(Fig. 6). Additionally, in 15 cases (30%), we found
rope-like adhesions around the pituitary stalk (Fig. 7).
Two specimens (4%) showed an accessory posterior
petroclinoid fold (Fig. 8). In all cases, the anterior and
the posterior petroclinoid folds determined a constant
triangle configuration.

DISCUSSION

Distances In modern microsurgery, orientation on landmarks
of surface structures under normal and pathological

The measurements of the distances are given in conditions is absolutely necessary because of the limita-
186 Table 1. tions of the view field, especially in neuroendoscopy.'
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Table 1. Distances Used for the Description of the Surface Morphology of the Sella Turcica

Stretch as Defined in Average Distance (mm) Range (mm)
Materials and Methods Left Right Left Right
1. Width of dorsum sellae 15.5 8-22
2. Width of sellardiaphragm 9.9 5-17
3. Nerve (N.) III to ACLP 8.4 8.3 5-13 4-11
4. N. III to PCLP 5.5 5.5 3-10 2-11
5. N. IVto PCLP 12.6 12.7 6-18 9-15
6. N. IlIto N. IV 11.3 10.8 9-16 6-16
7. N.Vto N.IV 5.1 5.2 2-11 3-10
8. N.Vto N.VI 6.9 6.9 3-11 4-12
9. N. VI to middle of dorsum sellae 20.3 19.9 14-28 15-26

10. Length of posterior petroclinoid fold 12.1 12.4 4-18 5-17
11. Length of anterior petroclinoid fold 12.5 12.5 6-1 7 7-17

Distances were determined twofold independently. The numbers in the first column refer to the section on distances in Materials and Methods. Left and
right refer to the left- and right-hand side of the skull, respectively.

Table 2. Measurements of the Triangles
Average Distance (mm)
Left Right

Range (mm)
Left Right

1. Preinfundibular triangle (see Fig. 2)
Right border 12.3 8-15
Left border 12.6 9-15
Anterior border 13.8 8-18

2. Parasellar triangle (see Fig. 3)
Medial border 12.1 12.4 4-18 5-17
Lateral border 12.5 12.5 6-17 7-17
Ventral border 8.3 8.4 4-14 3-14

3. Internal carotid artery triangle (see Fig. 4)
Medial border 12.2 12.3 9-17 8-18
Lateral border 8.0 8.1 4-11 5-12
Dorsal border 8.3 8.4 4-14 3-14

Figure 5. Large dehiscence of the
sellar diaphragm in an 88-year-old woman.
Note the sharp dural ridge (arrows) in the
peripheral area of the sella. 187
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Figure 6. Normal configuration with
closed sellar diaphragm. The diaphragm
surrounds the pituitary stalk like a collar.

Essential landmarks in the parasellar region are the
ACLPs and PCLPs, tuberculum and dorsum sellae, pitu-
itary stalk, and dural entrance points of cranial nerves

III, IV, V, and VI. This normal surface morphology can

be altered by, for example, aneurysms, tumors, or in-
flammations. 18,19

The classic anatomical descriptions2-4 give an ex-

cellent but so-called static overview of the structures.

The microsurgical approach through the basal cisterns,
on the other hand, is characterized by a dynamic, ever-

changing perspective in a limited field of view'9-21 (Fig.
9). It is oriented by the dural, sulcal, and arachnoid
openings and guided by the sides and angles of defined

188

triangles. Orientation on landmarks is mandatory during
the procedures of cerebrospinal fluid release, sulcal and
fissural opening, and tumor debulking because of the
changing views of important and vital structures.18'19
Therefore, it is essential to collect knowledge about as
many anatomical landmarks, measurements, and inter-
dependencies between these orientation points as possi-
ble. Such interdependencies can be easily described by
the use of geometric figures such as triangles. Accord-
ingly, we defined three triangles that should make the
surgeons' work during various approaches easier: The
preinfundibular triangle facilitates the frontal approach,
the parasellar and internal carotid artery triangles facili-

*. ........ ... ::. . : ..

Figure 7. Sellar diaphragm with fi-
brous strands (arrow) to the pituitary stalk
in a 62-year-old woman.
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Figure 8. Normal configuration of
the sellar diaphragm, but accessory
petroclinoid fold (arrow) caudally situ-
ated to the posterior petroclinoid fold.
This specimen was taken from a 58-year-
old man.

tate the frontotemporal orbitozygomatic (pterional) ap-
proach (Fig. 10), and the internal carotid artery triangle
also helps in the subtemporal approach. Because these
triangles are relatively constant and symmetrical, a de-
formation, even a slight one, can indicate a pathological
lesion such as meningeoma, optic glioma, intraosseus or
cavernous cranial nerve schwannoma, pituitary macro-
adenoma or carcinoma, chordoma, angiofibroma, vas-
cular malformations (e.g., giant aneurysm of the inter-
nal carotid artery), intra- or suprasellar cysts (e.g., of
Rathke's pouch, colloid, or arachnoid), bulging "empty
sella" filled with cerebrospinal fluid, or inflammation

. . t
*:

involving the skull base and meninges (e.g., tuberculo-
sis, sarcoidosis, and actinomycosis).

Preoperative diagnosis of the parasellar region de-
pends on magnetic resonance imaging (MRI), computed
tomography (CT scan), and angiography.22,23 MRI is the
preferred neuroimaging technique because it allows di-
rect visualization of pathological lesions, deformation
of adjacent structures, and normal anatomy of soft tis-
sue.24,25 Even with high-resolution imaging, some deli-
cate surface structures (e.g., the sellar diaphragm and
rope-like adhesions) are seldom visible and distinguish-
able from adjacent tissue. CT scan, especially in its

Figure 9. Surgeon's view through
the frontotemporal orbitozygomatic (pte-
rional) approach to the sellar region, il-
lustrating the anatomical structures. ON,
Optic nerve; SD, sellar diaphragm; ACLP,
anterior clinoid process; ICA, internal
carotid artery; rTL, right temporal lobe; 1,
olfactoric nerve; PS, pituitary stalk; rFL,
right frontal lobe; 111, oculomotor nerve;
ACHOA, anterior choroidal artery; PCOMA,
posterior communicating artery. 189
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2' Figure 10. Schematic illustration of
NWs .the different approaches to the sellar re-

gion. 1, transfrontal intradural approach;
2, transethmoidal-transsphenoidal approach;

© -- 3, transnasal-transsphenoidal approach; 4,
frontotemporal orbitozygomatic (pterional)
approach; 5, subtemporal intradural ap-
proach; 6, subtemporal-extradural ap-
proach; 7, temporooccipital approach.

three-dimensional mode, shows the relationship of patho-
logical lesions to bony landmarks and osseous surface
structures. Bone density and pneumatization of the skull
base can also be exactly estimated with this technique.
Digital subtraction and superselective angiography reveal
small vessels beyond the resolution of three-dimensional
CT and MRI angiography and enable preoperative em-
bolization in interventional neuroradiology.26,27

For all that imaging techniques, preoperative plan-
ning, and elucidation of the patient's individual
anatomy can do, further thorough intraoperative orien-
tation is absolutely necessary.'" For this purpose, the
knowledge of distances, triangles, and morphological
variations adds valuable information to the limited in-
traoperative view and the preoperative three-dimen-
sional neuroimaglng.

Thus, despite the modern techniques of neuroimag-
ing and sophisticated neuronavigation, intraoperative
orientation on landmarks in open or endoscopic surgery
is essential.
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REVIEWER'S COMMENTS

The authors present a carefully done anatomical
study of the sellar region. They incorporate some novel

anatomic concepts and provide a number of useful mea-
surements. Although one is struck, as with prior studies
of the anatomy of the sellar region, with the tremendous
range of different measurements reflecting anomalies of
the anatomy in this region, the fact that in an individual
patient the various triangles are basically symmetrical
with measurements that are similar from one side to the
other is useful to know in planning surgery and in evalu-
ating the distortion of normal anatomy produced by sel-
lar pathology.

It is well known that in females, particularly those
who have had a number of children, the diaphragmatic
opening is frequently large. This is a result of intermit-
tent swelling and contraction of the pituitary gland itself
associated with pregnancy and is well demonstrated in
the beautiful anatomical photographs. Any surgeon who
has tried to dissect free the pituitary stalk knows that
there are adhesions from the diaphragmatic dura to the
stalk itself in a large number of patients, and these also
are beautifully illustrated. This is an important point in
dealing with some aspects of pituitary surgery, particu-
larly those tumors that extend up the stalk and in those
situations such as craniopharyngioma where the stalk
needs to be carefully and atraumatically sectioned.

The anatomical details presented in this article will
be beneficial to surgeons using any of the numerous ap-
proaches that have been illustrated and discussed by the
authors. This article is a reminder as to how important
knowledge of anatomy, and particularly the pathologi-
cal changes in anatomy that occur in response to dis-
ease, may be in the planning of successful surgical ther-
apy.

Edward R. Laws, Jr., M.D., F.A.C.S.
Charlottesville, Virginia
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