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Abstract
Purpose To elucidate the question whether expansion of
pituitary adenomas into the cavernous sinus (CS) has to be
regarded as focal penetration rather than invasion, a
microanatomical study of the medial wall (MW) of the
CS was performed.
Method Fourteen sellar hemiblocks underwent microsurgical
dissection from lateral and medial approach. The thickness of
the MWof the CS was examined by diaphanoscopy.
Findings The internal carotid artery (ICA) was adherent to
the MW in five cases. In five specimens the lateral wall of the
sella turcica consisted of a single layer without perforations. In
nine cases this wall had two layers. There was no perforation
of both layers in any case. Diaphanoscopy revealed thin MW
in the lateral border of the sella (n=13), below the horizontal
segment of the ICA (n=10), and antero-inferiorly to the
carotid syphon (n=9).
Conclusions Expansion into the CS may be facilitated by
low anatomical resistance against chronic tumor growth.

Keywords Cavernous sinus . Diaphanoscopy . Dural wall .

Microsurgical anatomy . Pituitary

Introduction

Recently it has been stated that the medial wall of the
cavernous sinus (CS) is significantly thinner than its
superior and lateral wall, and small defects can be
detected histologically. Expansion of pituitary adenomas
into the cavernous sinus could therefore be regarded as
focal penetration of weak anatomical structures rather
than invasion by aggressive tumors [32]. This still is a
matter of debate, since several biological markers of
pituitary adenomas correlating with an aggressive growth
pattern have been described, such as overexpression of
metalloproteinases [9, 10, 19] and increased expression of
Ki-67 [21]. These data, however, were not confirmed by
others [8, 15, 29, 32]. On the other hand, three weak areas
of the covering of the CS, which could serve as gates for
tumor entry, have been described: the venous channels
along the superior orbital fissure, the meningeal coverings
of the entry point of the oculomotor and trigeminal nerves,
and the histologically loose lateral wall of the sellar
compartment [11]. In case of intracavernous extension of
nonmeningeal tumors, those of the medial wall have the
worst surgical results [22]. In non-functioning pituitary
adenoma, tumor invasion of the CS is associated with an
unfavorable surgical outcome [20].

Against this background a microanatomical study of the
lateral wall of the pituitary fossa was performed.

Materials and methods

Fourteen formaline-fixed sellar hemiblocks (eight right-
sided, six left-sided) were obtained from eight whole-body
donors (six females, two males, age 60–96 years, mean
79 years, fixation by pressure perfusion with formaldehyde
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4%, storage in formaldehyde 4%): the medial edge of the
samples was at the midline, the anterior edge anterior to the
optic canal, the lower edge parallel to the palate, the lateral
edge through the foramen spinosum, and the posterior edge
posterior to the petrous apex.

The specimens were pinned to a two-level mounting
with an individual, wooden template for each sample. To
prevent unintended translucency during diaphanoscopy,
black plasticine was used to cover the margins of the
samples. A halogen light source (3×20 W) in the lower
plane enabled alternating microscopic views either with
coaxial light or with diaphanoscopy [video documenta-
tion, inserted ruler (mm)]. First, the bone of the sphenoid
was rarefied by drilling and removed in an eggshell
fashion without damaging the connective tissue (Fig. 1).
Then the specimens underwent stepwise microsurgical
dissection alternating from a lateral to medial approach,
including resection of the cavernous part of the internal
carotid artery (ICA, Fig. 2). Thickness of the medial wall
(MW) of the cavernous sinus (CS) was evaluated by
examination of translucency of the connective tissue
layers by diaphanoscopy. In case of bright translucency,
water tightness of the sample was examined by application
of water to its upper side. For interpretation, color
printouts of videoscreen shots were used both in episcopic
and diaphanoscopic mode. Areas of translucency were
traced to transparent foils. According to their individual

relationship to the floor and anterior wall of the sella as
well as to the intracavernous course of the ICA, the areas
were extrapolated and then superimposed, if necessary, in
the fashion of a mirror image (Fig. 6).

Results

There was no evidence of pituitary pathology in any of the
cases. In eight donors, one presellar type and seven sellar type
sphenoid sinuses [7] were seen. The mean anterior-posterior
diameter of the sellar compartment was 9.1 mm (range
7.8 mm to 10.2 mm), its mean height was 5.75 mm (range
4.8 mm to 6.8 mm). The following venous intercavernous
connections could be identified in the midline: basal sinus
(behind the clivus) in seven out of eight donors, posterior
intercavernous sinus (at the posterior inferior border of the
sella) in five out of eight cases. An anterior intercavernous
sinus was not found in any of the cases. The carotid siphon
was omega-shaped or double siphon-shaped in all specimens
[18]. The horizontal part of the intracavernous segment of
the ICA was adherent to the medial wall of the cavernous
sinus in five cases; a compartment of the cavernous sinus
medial to this part of the internal carotid artery was present
in nine cases (Fig. 2).

In 5 (of 14) specimens, the lateral wall of the sella
turcica consisted of a single layer only (36%). In these

Fig. 1 (a) Setting for
microsurgical dissections and
diaphanoscopic evaluation of
sellar specimens including video
documentation. (b) Two-level
mounting allowing microsurgical
episcopic dissection (white
arrow) and diaphanoscopic view
with halogen light source (blue
arrow). (c) Right-sided sellar
hemiblock fixed to two-level
mounting, caulking with black
plasticine. Medial episcopic view
through operation microscope.
The sellar floor is identified
(green arrow). The sphenoid
bone is rarefied by drilling. (d)
The bone (red arrow) then is
removed in an eggshell fashion
without damaging the underlying
connective tissue
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cases no perforations of the membrane could be observed.
In 9 (out of 14) cases, this wall had two layers, i.e., a
pituitary capsule was dissectable separately (64%). In two
of these nine cases a perforation was present in the inner
layer (22%), in three cases in the outer layer (33%). There
was no perforation of both layers in any of the cases
(Fig. 4). In one of six donors with bilateral investigation, a
difference between both sides was observed: on the right
side two layers were present, on the left only one. In one
case with two layers of the medial wall of the cavernous
sinus, an extension of pituitary tissue through the inner
layer was observed. The outer layer, however, was not
penetrated by pituitary tissue.

Diaphanoscopy revealed a thin medial wall of the
cavernous sinus in the area of the lateral border of the
sella in 13 out of 14 cases (93%), below the horizontal
segment of the internal carotid artery in 10 out of 14
hemiblocks (71%), and antero-inferiorly to the anterior
knee of the carotid syphon in 9 cases (64%, Figs. 2, 3,
4 and 5). No leak through the lateral wall of the sellar
compartment was observed in any of the cases by testing
with water.

Discussion

In the majority of our specimens a sellar type of the sphenoid
sinus was observed, reflecting the age of the whole-body
donors. With aging, the pneumatization of the sphenoid sinus

progresses, and its bony walls become thinner [5, 7]. In 66%
of cases the bone between the sphenoid mucosa and dura is
less than 1 mm thick [25, 28]. In the present series, the
sphenoid bone was particularly thin over the intracavernous
carotid knee, as seen by others [16, 27]. Fitting in well with
other observations, in this area the bone was thinner than
0.5 mm in 80% of cases and absent in 8% of cases [5].

The venous compartment medial to the horizontal part of
the intracavernous ICA may be obliterated by progressing
elongation and bending of the artery with aging [16, 25]. A
direct contact between the artery and the medial wall of CS
was found in 12 out of 30 cases [24], and in 23 out of 44
specimens, respectively [30]. We found firm adherence
between both structures in 5 out of 14 of our formalin-fixed
specimens. This and the potential lack of overlying bone
have to be taken into account in any case of performance of
an extended transsphenoidal approach to the parasellar
compartment [13] to avoid vascular damage.

In 24% of 17 decalcified sellar specimens, an
invagination of pituitary tissue into the medial wall of
the sellar compartment was observed, but no penetration
[3]. In our series, in 1 out of 14 cases (7%) such an
extension of pituitary tissue into the wall of the cavernous
sinus was found. Others observed a lateral extension
towards the CS in 45% and 28% of their specimens,
respectively [26, 30], but again no signs of penetration
through the lateral wall of the sellar compartment [30].
Since the age of the donors in this series is not stated, it
remains unclear whether this observation could be due to

Fig. 2 Left-sided sellar
hemiblock. (a) Lateral episcopic
and (b) diaphanoscopic view
through operation microscope
after resection of the lateral wall
of the cavernous sinus. The
cutting edge of the latter (red
arrow) defines the area of trans-
lucency as do the ascending
(green arrow) and horizontal
(blue arrow) part of the intra-
cavernous ICA . (c) Episcopic
and (d) diaphanoscopic view
after resection of the intracaver-
nous part of the ICA. The distal
(yellow arrow) and proximal
(white arrow) stumps are indi-
cated. In this case the medial wall
of the cavernous sinus was not
adherent to the artery
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Fig. 4 Left-sided sellar hemi-
block. (a) Medial episcopic and
(b) diaphanoscopic view after
resection of ICA. The sellar
floor (red arrow) and the area of
translucency in the lateral wall
of the sella (blue arrow) are
indicated. After resection of the
inner layer in a double-layered
lateral wall of the sellar com-
partment, a very thin outer layer
is seen in C episcopic view with
bright translucency (green ar-
row) in (d) diaphanoscopic
mode. However, a perforation
was not present (no fluid leak)

Fig. 3 Left-sided sellar hemiblock. Same specimen as in Fig. 2. (a)
Medial episcopic and (b) diaphanoscopic microscopic view after
resection of the lateral wall of the cavernous sinus. The sellar floor
(green arrow) is identified only in episcopic view. The ascending part of
the ICA (red arrow) is indicated. (c) Episcopic and (d) diaphanoscopic
view after resection of the intracavernous part of the ICA, now showing

additional translucent areas in the lateral wall of the sella (yellow
arrow), close to the former course of the ascending (blue arrow) and
horizontal part of the intracavernous ICA. In this case, the lateral wall of
the sellar compartment was double layered. In the outer layer of this
specimen no perforation was found by microscopic evaluation,
diaphanoscopy, or testing for water-tightness
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elongation of the ICA in the medial direction rather than
extension of the gland laterally. Early observations of
large unselected autopsy series report a lateral compres-
sion of the pituitary gland by an elongated ICA in 22% of
cases [1]. Due to the relatively high age of the donors in
our series, in all specimens marked curving of the
intracavernous ICA was evident [18].

Contrary to others [16, 27, 30], in our specimens no
anterior inferior intercavernous sinus could be identified.
However, since the wall of the cavernous sinus rather than
the venous cavity was the primary point of interest in our
study, we did not inject the veins with colored latex. This
would have hindered the diaphanoscopic investigation.

We found a double-layered lateral wall of the sellar
compartment in 9 out of 14 cases (64%), whereas others
describe a double layer (dura plus pituitary capsule) in all
their specimens either by microsurgical dissection [17, 30]
or histological evaluation [23]. On the other hand, only one
layer has been identified microsurgically by others [4]. It is
noteworthy that in 5 of our 14 specimens there was only
one dissectable layer of connective tissue separating the CS
from pituitary tissue, with the pituitary capsule included.
Others found a dural wall between the gland and CS in 36
cadaveric specimens, but they did not comment on whether
an additional pituitary capsule was present or not [27]. In
ten formalin-fixed skull base specimens, a dense glandular
capsule as the inner layer was described, surrounded by a
loose circumferential fibrous bed, thus resulting in a double
layer of the lateral sellar wall [12].

In summary, the data concerning the number of layers of
the lateral wall of the sellar compartment are inconsistent,
to some extent due to different definitions and methodol-
ogies. Our study is the first to describe different numbers of
layers with the same technique, indicating interindividual
and also intraindividual anatomical variations in this area.

In 3 out of 30 coronal sections of 10 decalcified sellar
specimens, small histologically proven gaps in the other-
wise mono-layered lateral wall of the sellar compartment
have been observed [32]. Others did not find defects in the
MW of the CS macro- or microscopically [31], avoiding
decalcification artifacts by plastination technique [16], or
by microsurgical bone removal as in our study. Our
diaphanoscopic data, however, reveal a marked thinning
of the medial wall of the cavernous sinus at the sellar
segment compared to other sites. The lateral wall of the
sellar compartment was significantly thinner than its
inferior wall [23] and than the diaphragma sellae [17].
Like in our cohort, in both series no fenestration of the
medial wall of the CS was observed. Morphometric data
revealed the thinnest areas of the lateral wall of the sellar
compartment to be in its posterior [31] or inferior part [17].
In 13 out of our 14 specimens, superimposed diaphano-
scopic data suggested the area anterior to its center to be the
weakest (Fig. 5).

Fig. 5 Synopsis of diaphanoscopic findings in 14 sellar hemiblocks,
extrapolated to the sellar floor (blue dotted line) and the intracavernous
course of the ICA (red dotted lines) as a blueprint on a right sided
hemiblock, view from medial. Numbers of green and blue areas of
translucency indicate the absolute frequency. Three frequently occurring
areas of thin medial wall of the cavernous sinus (yellow) are resulting: the
lateral wall of the sellar compartment (13 out of 14 samples), below the
horizontal part of the ICA (10 out of 14 specimens), and anteroinferiorly
to the carotid knee (9 out of 14 hemiblocks)

Fig. 6 T1-weighted coronal MRI of a silent ACTH adenoma with
bilateral parasellar extension. The lateral wall of the former sellar
compartment is penetrated by tumor on both sides (white arrows).
With ballooning of the sella the weak areas of the medial wall of the
cavernous sinus inferior to the intracavernous part of the ICA are also
reached (black arrows on the left side)
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Expansion of pituitary adenomas into CS may be
facilitated by low anatomical resistance against chronic
tumor growth. Without sellar enlargement, only the lateral
wall of the sella turcica with its potentially weak areas
could be penetrated by tumors. Since this is the case in a
relatively high percentage of small tumors in Cushing's
disease [14], this may be due to specific expression patterns
of proteases in different types of pituitary adenomas [15].
With sellar enlargement due to expansive macroadenomas,
all three areas of rarefication in the medial wall of the
cavernous sinus described in our report could be reached
(Fig. 6). In these cases, expansive tumor growth could
rarefy the wall of the CS by chronic pressure alone, thus
enabling penetration of tumor tissue into the CS. This
corresponds to observations that tumor size is related to
tumor extension into different compartments [6] and that
large non-functioning pituitary adenomas extending into the
CS did not reveal signs of biological aggressiveness [8]. It
has also been speculated that anatomical variations like a
strong diaphragma sellae with small openings for the
pituitary stalk may promote the growth pattern of pituitary
macroadenomas caudally and laterally [2, 17].

Conclusions

Anatomical rarefication of the medial wall of the CS is
identifiable in distinct areas even though fenestrations are
absent. With sellar enlargement due to expansive macro-
adenomas, all three areas of rarefication in the medial wall
of the cavernous sinus described here could be reached and
penetrated by the tumors. In microadenomas, only the
lateral wall of the sella turcica with its potentially weak
areas can be reached by tumors. Expansion into the CS may
be facilitated by low anatomical resistance against chronic
tumor growth. Additional aggressive properties of the
tumors may contribute to CS infiltration.
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Comment

The authors present an interesting paper that addresses the clinical
problem of invasion of the cavernous sinus by pathological processes,
specifically pituitary tumors. They elegantly demonstrate the microanat-
omy of the medial wall of the cavernous sinus and, in so doing, help
readers to better understand the anatomical reasons that explain how these
tumors can grow into the cavernous sinus.

Mario Zuccarello
Mayfield Clinic, Cincinnati, OH
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