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Abstract

The medial wall of the cavernous sinus (CS) has a significant role in evaluation and treatment of pituitary adenomas. This
study was conducted to clarify the fine architecture of the medial wall and medial compartment of the CS at both macro- and
micro-levels in twenty-one human cadaveric heads by using the epoxy sheet plastination technique. The sellar part medial
wall is an intact dural layer that separates the CS from the pituitary gland. This dural wall adhered to the diaphragma sellae
and the periosteum of the sella turcica to form fibrous triangles. Eight micro-protrusions of the pituitary gland were found at
both sides of that wall. The thickness of the sellar part medial wall at its central portion was significantly thinner than that at
the other surrounding portions. From the superior view, tortuous intracavernous carotid arteries can be divided into outward
bending type and inward bending type. The inward bending intracavernous carotid was apt to bent towards the central part of
the sellar part medial wall, where there were usually wide and short fibrous bands with more densely stained connective tis-
sues between them. The micro-protrusion of the pituitary gland in the medial wall of the CS could provide an anatomical basis
for the occult tumor invasion and the recurrence of residual tumor. Different bending facing states of tortuous intracavernous
carotid arteries in the lateral direction may be a factor of the determination of the direction of growth of pituitary tumors.
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Introduction Pituitary adenomas may infiltrate the adjacent medial wall

and often invade the CS [6, 7]. However, some giant pituitary

The cavernous sinus (CS) is a paired dural-lined venous
plexus located on each side of the sella turcica at the central
skull base [1-3]. The CS was described as having 4, 5, or 6
walls in several studies [1, 3-5]. The medial wall of the CS
forms the medial limit of the CS and the lateral border of
the pituitary fossa, which can be divided into two parts: the
sellar and the sphenoidal [5].
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tumors do not invade into or transgress, but only compress the
medial wall of the CS [8]. In addition, several recent studies
have found that there were occult medial wall invasions among
the patients with Knosp Grade 0 but without intraoperative
apparent medial wall involvement [9, 10]. Thus, in order to
achieve a low recurrence rate, it should be advocated to remove
the medial wall of the CS after adenomectomy, especially in
patients with functional tumors [9]. But due to the intimate
relationship of the medial wall to important neurovascular
structures, surgical removal of the medial wall remains a chal-
lenge, and it was advised to be performed by very experienced
neurosurgeons with sufficient anatomic knowledge [6, 7, 9].
Nevertheless, there has been an ongoing debate as to the nature
and architecture of the medial wall of the CS [1, 5, 7, 11-24].
Some reports even suggested that there was no a dural medial
wall between the pituitary fossa and the CS [14, 17].
Therefore, the purpose of this study was to investigate the
fine architecture of the medial wall and medial compartment
of the CS by using the epoxy sheet plastination technique.
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Materials and methods

A total of 21 formalin-embalmed cadaveric heads (3 females
and 18 males; aged range, 35-80 years; average age at death,
58 years) were examined in this study. The cadavers were
donated for anatomic education and research to the Depart-
ment of Anatomy at Anhui Medical University. This study
was performed in line with the principles of the Declaration
of Helsinki and was approved by the Ethics Committee of
Anhui Medical University.

Epoxy sheet plastination

In 9 of the 21 specimens, the whole heads were frozen
and then sectioned serially to 3 mm thickness slices using
a bandsaw. According to the E12 plastination technique,
these frozen slices were dehydrated (— 25 °C) and degreased
(room temperature) in acetone, impregnated with a resin
mixture of E12/AE20/E1 (Biodur, Heidelburg, Germany),
and cured at oven (45 °C). These 3 mm thickness trans-
parent plastinated slices were used for gross anatomical
observation.

The central skull base tissue blocks (approximate
10 cmXx 10 cm X 10 cm in size) were sawed and removed en
bloc from the remaining 12 cadaveric heads. They were plasti-
nated using the E12/E6/E600 resin (Biodur, Heidelburg, Ger-
many) ultra-thin plastination technique. These undecalcified
resin blocks were serially sectioned in the axial (5 sets) and
coronal (7 sets) planes with the Exakt 310 CP cutting system
(Exakt, Norderstedt, Germany). The thickness of the ultra-thin
plastinated sections was 200~300 pm. All sections stained
with Stevenel’s blue and Alizarin red S were examined and
scanned with the TissueFAXS PLUS imaging system (Tis-
sueGnostics, Vienna, Austria). The stack of images was recon-
structed to a three-dimension visualization model in 3D Slicer
software (a free, open-source platform; http://www.slicer.org).

Thickness measurement of the medial wall of the CS

The thickness of the sellar part medial wall of the CS was
measured in 12 sets (24 sides, 10 sides in axial, and 14 sides
in coronal plane) of the ultra-thin plastinated section using
TissueFAXS Imaging Software (TissueGnostics, Vienna,
Austria). From each set of sections, 6 sections were selected
for the measurement on average. On the coronal sections,
the thickness of the sellar part medial wall at point C1-C6
was measured from superior to inferior (Fig. 1a). Similarly,
the thickness at point HI-H6 was measured from anterior
to posterior on the horizontal sections (Fig. 1b). Therefore,
the thickness measurement was performed at 36 points in
each sellar part medial wall. The Mann—Whitney U test was
used to compare the thickness of the sellar part medial wall
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at nine different regions (anterior—superior, mid-superior,
posterior-superior, mid-anterior, central, mid-posterior, ante-
rior-inferior, mid-inferior, and posterior-inferior) (Fig. 3a).
P <0.05 was considered a statistically significant difference.

Results
The sellar part medial wall is an intact dural layer

The CS has a recognizable sellar part medial wall that separates
the CS from the pituitary gland. On its lateral surface, there
were varying amounts of loose connective tissue. However, in
most cases, these loose connective tissues were intermittent, or
they were continuous only on a certain section. Only in a few
cases, they formed a complete layer of structure (Figs. 1 and 5).
Superiorly, this wall adhered to the diaphragma sellae to form
a fibrous triangle. Although there were venous channels within
it, this superior fibrous triangle was constant (Fig. 1¢). At its
anterior, posterior, and inferior border, the sellar part medial
wall fused with the periosteal dura of the sella turcica to form
the anterior, posterior, and inferior fibrous triangles, respec-
tively (Fig. 1d—f). However, these three fibrous triangles were
disrupted frequently by intercavernous sinuses (Fig. 1f-h).

In 5 of 12 specimens (24 sides), 8 micro-protrusions of the
pituitary gland were found at both sides of the sellar part medial
wall (Fig. 2; Table 1). These protrusions can be classified in two
different profiles: cone-shaped (5 cases) and nipple-shaped (3
cases). The adenohypophysis protrusions accounted for 6 cases
of the hernial content, while the neurohypophysis protrusions
accounted for the other 2 cases. Five out of 6 adenohypophysis
protrusions were identified at the mid-inferior portion of the
sellar part medial wall, protruding into the inferior fibrous tri-
angle (Fig. 2a, b, f-h). The two neurohypophysis protrusions
were found at the posterior-superior portion of the sellar part
medial wall (Fig. 2c, e). The mean diameter at the mouth of the
hernial sac was 0.76 +£0.52 mm (0.29 ~1.79 mm). The dural
covering of these protrusions became loose and thinner than
the neighboring medial wall.

Thickness measurement of the sellar part medial
wall

The thickness of the sellar part medial wall was measured
and compared at nine different regions (36 points), and
the mean thicknesses were shown in Table 2. The thick-
ness of the sellar part medial wall at the central portion
(42.92 +16.01 pm) was significantly thinner than that at
the other 8 surrounding portions (Fig. 3; Table 2). The
thickness of the sellar part medial wall at the posterior-
inferior portion in the left side (66.85 +40.17 pm) was
thinner than that in the right side (89.08 +54.54 pm,
P <0.05) (Table 2).
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Fig. 1 a Overview coronal section through the pituitary stalk. There
was a double-concave space (red dotted line area) between the inward
bending ICA and the sellar part medial wall. The C1-C6 indicate
thickness measurement points on each sellar part medial wall in
coronal sections. The intercavernous sinus (asterisks) interconnected
the right and the left CS at the sellar floor. b Overview axial section
through the central part of the pituitary gland. A crescent-shaped
space (red dotted line area) was located between the outward bending
ICA and the sellar part medial wall. The H1-H6 indicate thickness
measurement points on axial sections. A continuous layer of loose
connective tissues (asterisks) lined on the lateral surface of the left
sellar part medial wall in this case. c—e Enlarged view of the dotted

line box in panels a and b and the solid line box in panel b, respec-
tively, showing the superior, anterior, and posterior fibrous triangles
(red dotted line area). Note that a small artery (asterisks) was pass-
ing through the medial wall in panel e. f-h Serial coronal sections
showing the inferior fibrous triangle (red dotted line area) interrupted
by the intercavernous sinus (asterisks). Arrows indicate the sellar part
medial wall, arrowheads indicate the capsule of the pituitary gland,
and double arrowheads indicate the periosteum of the sphenoid bone.
ACP, anterior clinoid process; DoS, dorsum sellae; ICA, internal
carotid artery; Pit, pituitary gland; SpS, sphenoid sinus; VCs, venous
channels. Bars=2 mm in panels a and b; bars =500 pm in panels c-h
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Fig.2 a-h The different types of micro protrusions of the pituitary
gland shown in Table 1. Panels a—c and f-h are in coronal sections,
and panels d and e are in axial sections. The maximum (1.79 mm)
and minimum (0.29 mm) diameters of the mouth of the hernial sac

Relationships between the ICA and the sellar part
medial wall

The relationship between the intracavernous carotid and the
sellar part medial wall was examined at the 3-dimensional
reconstruction model based on the serial ultra-thin plastinated
sections. From the lateral view, 20 of 24 sides (83.3%) of
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were shown in panels b and e, respectively. (i) Another coronal sec-
tion showing a micro protrusion of the pituitary gland protruding into
the intercavernous sinus (asterisks) in the sellar floor. AdH, adenohy-
pophysis; NeH, neurohypophysis. Bars =500 pm

intracavernous carotid arteries coursed above the level of the
sellar floor and covered more than the inferior one-third of the
sellar part medial wall, which were classified as the supra sellar
floor type ICA (Fig. 4a). In the remaining 4 cases (16.7%), these
intracavernous carotid arteries covered less than the inferior
one-third of the wall in 3 sides, and coursed below the level of
the sellar floor in 1 side. In the 20 cases of the supra sellar floor
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Table 1 Micro-protrusions of

L. . Specimen  Side
the pituitary gland in the sellar

Location in the sellar

Protrusion type Shape Diameter at the mouth Panel

: number part medial wall of the hernial sac in
part medial wall Fi
ig. 2
P1 Left Mid-inferior Adenohypophysis Cone-shaped  1.34 mm a
Right  Mid-inferior Adenohypophysis Nipple-shaped 1.79 mm b
Right  Posterior-superior Neurohypophysis Nipple-shaped 0.62 mm c
P2 Right  Central Adenohypophysis Cone-shaped ~ 0.45 mm d
Right  Posterior-superior Neurohypophysis Cone-shaped  0.29 mm e
P3 Left Mid-inferior Adenohypophysis Nipple-shaped 0.51 mm f
P4 Right  Mid-inferior Adenohypophysis Cone-shaped  0.49 mm g
P5 Left Mid-inferior Adenohypophysis Cone-shaped ~ 0.56 mm h
Table 2 Thickness measurement of the sellar part medial wall of the CS in nine regions
Anterior Mid-superior Posterior Mid-anterior Central Mid-posterior Anterior Mid-inferior Posterior inferior
superior superior inferior
Left 63.28+29.75 52.03+31.82 60.98 +40.76 50.14+20.46 41.98+12.34*  50.07+23.38 65.47+32.89 67.43+46.22 66.85+40.17
Right  66.54+44.47 50.17+24.87 58.45+29.53 55.33+21.53 43.87+19.10%  61.39+43.79 70.51+43.61 70.12+50.84 89.08 +54.54
Total 64.91+30.17 51.10+28.43 59.71+35.87 52.73 +21.04 42.92+16.01%  55.73+35.35 67.99+42.81 68.78 +48.35 77.96+48.94

All thickness measurements expressed in microns (um) and presented as mean + SD. Results are listed for the left side, right side, and the total

*P <0.05 for comparisons of group means (Mann-Whitney U test)

Fig.3 The nine-region (a)
and 36 points (b) heat map of
the thickness of the sellar part
medial wall based on Table 2

type ICA, according to the boundary line from its posterior
vertical segment to its anterior vertical segment, these intracav-
ernous carotid arteries bent towards the sellar part medial wall
in 13 sides (65%) and bent outward in 7 sides (35%) (Fig. 4b).
Whereas in the remaining 4 cases of the infra sellar floor type
ICA, all those intracavernous carotid arteries bent outward.
There was a crescent-shaped space between the outward
bending type ICA and the medial wall, whereas there was a
double-concave medial CS compartment when the intracav-
ernous carotid bent inward (Fig. 1a, b). The minimum distance
between the intracavernous carotid and the sellar part medial
wall was 0.59 +0.43 mm when the intracavernous carotid bent
inward. In 11 out of 13 cases (84.6%) of the inward bending

ICA, those projective points of the minimum distance were
located at the central part of the sellar part medial wall (Fig. 4c).
In transparent plastinated slices of 2 specimens, the excessive
inward bending of the intracavernous carotid squeezed the cen-
tral portion of the sellar part medial wall and the pituitary gland,
with the result that the pituitary gland protruded to 4 fibrous
triangles at the edge of that wall (Fig. 4d, e).

Configuration of the medial compartment of the CS
Due to its position and bending pattern, the intracavernous

carotid had a changeable relationship with the sellar part medial
wall, and, as a result, the medial compartment of the CS between
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Fig.4 a Diagram of the lateral view of the CS showing the relation-
ship between the intracavernous carotid and the sellar part medial
wall. The intracavernous carotid covered more than the inferior one-
third of that wall, which was classified as the supra sellar floor type
ICA. The artery covered less than the inferior one-third or coursed
below the level of the sellar floor was classified as the infra sellar
floor type. b The 3-dimensional visualization model reconstructed
based on a set of coronal ultra-thin plastination sections showing
the different bending facing states of tortuous intracavernous carotid
arteries from the superior view. According to the boundary line (par-
allel dashed line) from its posterior vertical segment to its anterior

them varied markedly. When the intracavernous carotid bent
outward or coursed below the level of the sellar floor, the medial
compartment of the CS was apt to form a wider space (Figs. 1b,
4b, and 5). In contrast, the medial compartment could be par-
tially or completely occupied by the inward bending of the intra-
cavernous carotid (Figs. 1a, 4b, and 5).

Macroscopically, in addition to venous channels and arteries,
there were several fibrous bands in the medial compartment of
the CS. Generally, the closer the distance between the ICA and
the sellar part medial wall, the wider and shorter the fibrous
bands (Fig. 5). Histologically, the caroticoclinoid ligament,
which connected the anterior clinoid process and the sellar part
medial wall, was the constant dense regular connective tissue
ligamentous structure among these fibrous bands (Fig. Sc—e).
This dense connective caroticoclinoid ligament was identified
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vertical segment, the intracavernous carotid arteries were divided into
outward bending type (left side) and inward bending type (right side).
¢ Scatter diagram showing, on the sellar part medial wall, projective
points of the shortest distance between the inward bending ICA and
that wall. Axial (d) and coronal (e) transparent plastination slices
showing tongue-like protrusions of the pituitary (arrows) caused by
excessive compression of the inward bending ICA. ACP, anterior
clinoid process; DoS, dorsum sellae; ICA, internal carotid artery; II,
optic nerve; OT, olfactory tract; Pit, pituitary gland; Tub, Tuberculum
sellae. Bars=2 mm

in 21 of 24 sides (87.5%) at the serial ultra-thin plastinated sec-
tions. Except for the caroticoclinoid ligament, the other fibrous
bands were almost the loose connective tissue connections,
which were mainly composed of the adipose tissue sandwiched
between two layers of the vascular endothelium of venous chan-
nels (Fig. 5a, b, f, g). When the ICA was close to the sellar part
medial wall, it was found that there were more densely stained
connective tissues in these fibrous bands (Fig. 5f).

Discussion
The medial wall of the CS has a significant role in evaluation

and treatment of pituitary adenomas. There are many micro-
surgical, histological, and radiologic studies on the medial
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Fig.5 Coronal (a) and axial (b) transparent plastination slices show-
ing the configuration of the medial compartment of the CS. There
were fibrous bands (arrows) connected between the intracavern-
ous carotid and the sellar part medial wall, which varied in length,
width and thickness. Asterisks indicate venous channels of the CS. ¢
Enlarged view of the dotted line box in panel b, showing the carotico-
clinoid ligament (arrows) connected the anterior clinoid process
and the medial wall. Axial (d) and coronal (e) sections showing the
caroticoclinoid ligament (arrows) is the dense regular connective tis-
sue ligamentous structure. Note that there was no loose connective
tissues layer lined on the lateral surface of the sellar part medial wall
in that section in panel e. Coronal (f) and axial (g) sections showing

wall of the CS [1, 7, 11-25], but technically, it is still a chal-
lenge to identify this delicate meningeal layer structure at the
skull base. In this study, the fine architecture of the medial

different types of fibrous bands. These fibrous bands were formed by
adipose tissue wrapped by endothelium of venous channels (arrow-
heads). When the ICA was close to the sellar part medial wall, it was
found that there were more densely stained connective tissues in these
fibrous bands (asterisks in panel f). Note that the meningohypophy-
seal trunk, which arises from the posterior bend of the intracavernous
carotid, gave off the inferior hypophyseal artery, running through the
medial CS compartment. ACP, anterior clinoid process; ICA, internal
carotid artery; IHA, inferior hypophyseal artery; II, optic nerve; III,
oculomotor nerve; MHT, meningohypophyseal trunk; Pit, pituitary
gland; SpS, sphenoid sinus; VCs, venous channels. Bars=2 mm in
panels a and b, bars=1 mm in panels c-g

wall and medial compartment of the CS were investigated
at both macro- and micro-levels by using the epoxy sheet
plastination technique.
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Most studies believed that the medial wall of the CS was
formed by the dural layer [1, 5, 7, 11, 12, 16, 21, 23, 26],
which was also considered to be an anatomical weak point
of the CS. According to Yasuda et al. [5], the dural medial
wall of the CS was divided into two parts: the sellar and the
sphenoidal. The sellar part is a dural membrane that sepa-
rates the pituitary fossa from the CS, and the sphenoidal
part covers the lateral surface of the body of the sphenoid
bone [1, 5]. The sphenoidal part was also recommended to
be identified as the anterior wall of the CS under the endo-
nasal endoscopic approach [7]. Nevertheless, a few previ-
ous studies suggested that there was no a dural medial wall,
and the only dense connective layer separating the pituitary
from the CS was the capsule of the pituitary gland [14, 17,
22, 24]. But in the work of Ceylan et al. [11], the pituitary
capsule and the medial wall were identified as two different
structures by examining the expression levels of collagenous
proteins. In this study, by using serial large plastinated sec-
tions, we focused on the sellar part medial wall of the CS,
which was a distinct single dural layer. Although they were
close together, the dural medial wall and the capsule of the
pituitary gland were easy to distinguish in most cases. On
the lateral surface of sellar part medial wall, there were vary-
ing amounts of loose connective tissue. In a few specimens,
these loose connective tissues formed a complete layer of
structure, which was ever defined as the inner fibrous layer
of the medial wall by Songtao et al. [22]. While in most
cases, these loose connective tissues were scattered, or only
formed a continuous structure on a certain section. However,
this loose circumferential fibrous bed was considered to be
the main factor to explain the high incidence of extension of
pituitary tumors to the CS [14].

The pituitary adenomas could easily extend into the CS
due to anatomical weaknesses or fenestrations in the medial
wall of the CS [24, 27, 28]. The medial wall separates
venous channels in the CS from the pituitary fossa. If there
is a perforation in the medial wall, the blood in venous chan-
nels could enter the pituitary fossa. Indeed, it is true that the
intercavernous sinus drain into the pituitary fossa via the
perforation on the medial wall. Nevertheless, the intercav-
ernous sinus only passed between the meningeal dural sellar
part medial wall and the periosteal dura of the sella turcica,
and there was no perforation on the sellar part medial wall
itself. In this study, we observed the sellar part medial wall
fused with the periosteal dura of the sella turcica to form the
fibrous triangle at its anterior, posterior and inferior border.
Furthermore, these fibrous triangles often splitted for the
passage of the intercavernous sinus. Although they did not
perforate on the sellar part medial wall, these intercavernous
sinuses provided potential space for tumor growth from the
sella to the CS and vice versa [27, 28].

In another study, Yokoyama et al. found small histologi-
cal defects on the medial wall in 3 of 30 coronal sections,
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and the authors suggested that those defects were important
with regard to the extension of adenomas [24]. Conversely,
in subsequent anatomical, histological, and diaphanoscopic
studies, they did not find such defects in the medial wall of
the CS [5, 18, 20, 23]. In our study, we observed 8§ simi-
lar micro protrusions of the pituitary gland bulging toward
the CS in the sellar part medial wall in 5 of 12 specimens
(41.7%). In addition, there was another case of pituitary
protrusion protruding into the intercavernous sinus in the
sellar floor (Fig. 2i). These protrusions originated from both
adenohypophysis and neurohypophysis, and were conical
and papillary in shape. Nevertheless, there were no obvious
gaps on the hernial sac, but only the dural covering of these
protrusions became loose and thinner than the neighboring
medial wall.

Although it is unclear how these protrusions are formed,
we believe they could play a role in tumor invasion and
residual tumor recurrence. Despite there was an intact dural
medial wall, these protrusions were likely to be anatomical
weak points on it. Interestingly, however, we found that 5 out
of 6 adenohypophysis protrusions protruded into the relatively
stronger inferior fibrous triangle at the mid-inferior portion
of the sellar part medial wall, rather than the thinner central
portion of that wall. The growth of tumor tissue could extend
into the inferior CS compartment via this route and eventually
develop into the Grade 3B adenomas. It was reported that the
preferential inferior extension of tumor was seen mostly in
growth hormone-secreting adenomas [29-31].

On the other hand, if there are very small microadeno-
mas developed in these micro protrusions, such microscopic
dural invasion is difficult to be detected during surgery.
Moreover, because the protrusion was often trapped in the
hernia dural sac, it might be very difficult to remove surgi-
cally, which would provide an opportunity for the recurrence
of residual tumor. In a recent study, Nagata et al. found 4
(57.1%) occult medial wall invasions among the 7 patients
without intraoperative apparent medial wall involvement
[9]. Similarly, in another study, it was reported that there
were two of three patients with Knosp Grade 0 and without
any evidence of the medial wall invasion had microscopic
disease on their histopathologic analyses [10]. The unrecog-
nized occult dural invasion could be an important cause of
surgical failure [10, 32]. Therefore, considering the recur-
rence of residual tumors, it was recommended to remove
the medial wall of the CS after adenomectomy, especially
in patients with functional adenomas [9, 10]. Several groups
have recently shown that it is safe and feasible to remove
the medial wall of the CS when performed by experienced
neurosurgeons [6, 7, 9, 10].

The key factor that determines the parasellar tumor exten-
sion is the resistance of the structure of the medial wall of
the CS [18, 20, 21]. Thickness measurements of the medial
wall are helpful to examine anatomical weak areas with
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low resistance. There have been many quantitative stud-
ies on the medial wall, but the thickness of the wall varied
between them [20-24], which may be due to the different
locations and number of measurement points selected. In
this study, thickness measurements were made at 36 points
evenly distributed on each sellar part medial wall. Accord-
ing to the data, it was shown on the nine-region thickness
heat map that the central portion of the sellar part medial
wall (42.92+16.01 pm) was significantly thinner than the
other 8 surrounding portions. This finding was consistent
with a previous diaphanoscopic study [18], which suggested
the weakest area of the sellar part medial wall was slightly
anterior to its center in 13 out of 14 specimens. Consequently,
if only considering its anatomical nature, the central portion
of the sellar part medial wall is the weakest area for tumor
extension.

Furthermore, at the lateral aspect of the medial wall, the
structures within the CS may also affect the direction of
growth of pituitary adenomas. The intracavernous carotid,
an important landmark used for the imaging classification
of CS invasions [30, 33], has a close spatial relationship
with the medial wall. The medial CS compartment is located
between the intracavernous carotid and the medial wall. The
tortuous intracavernous carotid was usually studied from
lateral view [5, 34, 35], which was divided into five parts:
the posterior vertical segment, the posterior bend, the hori-
zontal segment, the anterior bend, and the anterior vertical
segment. Nevertheless, few reports investigated it from the
superior view [35]. In this study, 24 intracavernous carotid
arteries were classified into two categories: supra sellar floor
type (20 cases) and infra sellar floor type (4 cases). The
supra sellar floor type ICA was considered to be closely
related to the sellar part medial wall, which coursed above
and covered more than the inferior one-third of the sellar
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Fig.6 Schematic drawing of the coronal (a) and axial (b) view of
the sella turcica and the CS, illustrating the possible tumor exten-
sion pathways based on anatomical nature of the sellar part medial
wall and the bending facing state of the tortuous intracavernous
carotid. When the intracavernous carotid bends outward or the artery
courses below the level of the sellar floor (right side), there will be
an adequate medial venous space for the growing pituitary tumor
to push the sellar part medial wall outward, and the tumor is most

part medial wall. In 13 out of 20 cases of the supra sellar
floor type ICA, these intracavernous carotid arteries bent
towards the sellar part medial wall, with the result that the
medial CS compartment was compressed into a double-
concave space. While in the remaining 7 cases of the supra
sellar floor type ICA and all 4 infra sellar floor type ICAs,
accounting for 45.8% of the total 24 sides, these arteries bent
outward and made an ample crescent-shaped medial venous
space. These findings were in accordance with results of
48% the medial venous space dominant in 50 cases reported
by Inoue et al. [35].

Therefore, it can be assumed that when the intracavernous
carotid bends outward or the artery courses below the level
of the sellar floor, there will be an adequate medial venous
space for the growing pituitary tumor to push the sellar part
medial wall outward, and the tumor is most likely to invade
into the CS through the weakest central part of this wall
(Fig. 6). On the contrary, when the intracavernous carotid
bends to the sellar part medial wall, the medial CS compart-
ment frequently occupied by the tortuous artery and even
absent. If the intracavernous carotid compresses the sellar
part medial wall and the pituitary gland excessively, this
will result in tongue-like protrusions of the pituitary gland
extending around the artery [5, 12], which can also be seen
on our transparent plastinated slices. The development of
an adenoma on these tongue-like protrusions could easily
mimic the CS invasion [12]. It is noteworthy that in 11 out
of 13 cases (84.6%) of the inward bending intracavernous
carotid, we found that the location of the minimum distance
between the artery and the medial wall was projected on
the central part of the sellar part medial wall. In addition,
when the intracavernous carotid was close to the sellar part
medial wall, there were usually wide and short fibrous bands
with more densely stained connective tissues, which were

likely to invade into the CS through the weakest central part of this
wall. On the contrary, when the intracavernous carotid bends to the
sellar part medial wall (left side), the weakest central part of the sellar
part medial wall could be enhanced by the combined patch of these
fibrous bands, the adventitia, and the arterial wall, and then the grow-
ing tumor is more likely to enter other CS compartments directly
through the periphery of the medial wall
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connected between the artery and the wall. In this instance,
the parasellar extension of the pituitary tumor will push the
medial wall to cover the intracavernous carotid. At this time,
the weakest central part of the sellar part medial wall could
be enhanced by the combined patch of these fibrous bands,
the adventitia, and the arterial wall, and then, the growing
tumor is more likely to enter other CS compartments directly
through the periphery of the medial wall (Fig. 6). Still, if the
dural medial wall plus the patch layer structures are enough
to resist the tumor growth, suprasellar extension may be
another option.

These fibrous bands in the medial CS compartment have
been mentioned in several previous reports [7, 9, 11, 36, 37]
and were considered to have important clinical significance
in the transcavernous approach [7]. Truong et al. [7] classified
these ligamentous dura-like trabeculae into 4 groups based
on their trajectory. However, in our study, the caroticoclinoid
ligament was the only fibrous band that we could consist-
ently identify as a dense regular connective tissue ligamentous
structure, which connected the anterior clinoid process to the
medial wall. Other fibrous bands, although they looked like
ligaments macroscopically, were actually formed by adipose
tissue wrapped by endothelium of venous channels, which
could be cut easily by a blunt-tipped dissector [9]. Although
these fibrous bands had different properties, they were still
important landmarks during surgery.

Limitation of the study

This study described the fine architecture of the medial
wall and medial compartment of the CS and discussed the
tumor extension pathways based on their anatomical nature.
However, the factors that determine the direction of growth
of pituitary adenomas, such as the origin and biological
behavior of tumors, cannot be ignored. The relatively small
sample size and elderly specimens are the other limitations
of the present study. As the arteries gradually elongate and
bend with age, the tortuous intracavernous carotid in elderly
specimens showed a more obvious trend of bending inward
or outward, and there was a lack of intermediate type.

Conclusions

This study provided a precise description of the fine archi-
tecture of the medial wall and medial compartment of the
CS. The micro-pituitary protrusion in the sellar part medial
wall could provide a potential opportunity for the occult
tumor invasion and the recurrence of residual tumor. The
tortuous intracavernous carotid bent inward or outward may
be a factor of the determination of the direction of growth
of pituitary adenomas.
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