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Abstract

Purpose The aim of this study is to elucidate the architecture
of these fine structures in human fetuses.

Methods The histological examination of medial wall (MW)
and lateral wall (LW) was performed in 15 normal human
fetuses. Eleven fetuses were female and four were male. The
gestational age ranged between 14 and 35 weeks. The weight
ranged between 180 and 1750 g. The wall samples (two MW
and two LW from each fetus) were obtained by microsurgical
technique and underwent histological examination. Each wall
was examined for the structure and composition of collagen
and elastic fibers, ganglions, peripheral nerves, and vessels.
Results A total of 60 wall samples (30 MW and 30 LW) were
examined in 15 fetuses. Loose connective tissue composed of
type III collagen was observed in both of the walls. Elastic
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fibers were observed only in three wall samples (two MW and
one LW). Ganglion was detected in 11 samples (nine in LW
and two in MW), and peripheral nerve was found in 28 walls
(18 LW and 10 MW). Vessels were observed in 51 samples
(26 LW and 25 MW). None of the walls was stained with type
I collagen.

Conclusions The structure of LW and MW of the cavernous
sinus (CS) in fetuses is mainly composed of collagen tissue
while some elastic fibers are supported by this tissue. Type III
collagen is the main component of fetal CS walls. Because of
the weak histological structure, CS may be more prone to
tumor invasion in infants.
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Introduction

The cavernous sinus (CS) is a paired structure on both sides of
the sella turcica, pituitary gland, and sphenoid sinus. It has one
of the most complex anatomical networks of the skull base
and because of the diversity of its contents is involved in many
pathological processes.

The term “cavernous sinus” was designated by Winslow
[21] because he believed that it resembled the cavernous body
of the penis. This name was discussed and considered inap-
propriate, later being changed by the term “lateral sellar
compartment” [16].

The CS extends from the superior orbital fissure to the
dorsum sellae, being the inferior limit of the upper border of
maxillary nerve. CS has four walls: roof, lateral, medial, and
posterior walls [18]. The roof of the sinus faces upward, and
the lower edge, formed at the junction of the medial and lateral
walls below the intracavernous segment of the internal carotid
artery, gives the sinus a triangular shape in cross section. Ve-
nous blood flow, internal carotid artery with its branches, as
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well as cranial nerve VI, the sympathetic plexus and adipose
tissue take place within the walls of CS [2].

The anatomy of the medial wall (MW) of the CS, although
thoroughly described [7, 18, 22—24], still generates controver-
sy. It is classically thought that the pituitary gland is contained
within a dural layer that limits the CS medially [8]. However,
some reports suggest that there is no medial dural wall—rath-
er, there exists a loose fibrous tissue that separates the pituitary
capsule [5, 12], or merely its own capsule formed by fine
collagen fibers that separate the gland [24]. All of these are
anatomical studies that were applied in adults, except one
morphological study in human fetuses performed by Hashi-
moto et al. [11]. But there is no detailed report on the fetal
histological structure of MW including the types of collagen
fibers in the literature.

There are few papers about the anatomy of lateral wall
(LW) in the literature. Until Umansky and Nathan’s publica-
tion in 1982 [20], the dural structure of the LW of CS and its
relationship to cranial nerves III, IV, and V were not clearly
understood. The LW of the CS has two layers [2]; the external
one is thick and pearly grey, and the internal one is semi-
transparent and contains the cranial nerves; thus, the layers
can be surgically separated to expose the III, IV, and ophthal-
mic cranial nerves. Both dural layers of the LW continue lat-
erally with the dura covering the floor of the middle fossa,
medially with the dura of the superior wall of the CS, anteri-
orly with the dura covering the concavity of the greater wing
of the sphenoid bone, and posteriorly with the tentorium.
There is a cleavage plane between both dural layers, which
is important surgically because it permits access to the inner
layer of the LW without entering the venous compartment of
the CS and also allows exposure of the cranial nerves. The
limits of the LW of the CS are the following [18]: (a) superi-
orly, the anterior petroclinoid ligament; (b) inferiorly, the su-
perior border of the maxillary nerve; (c) anteriorly, the supe-
rior orbital fissure; and (d) posteriorly, an imaginary line that
lies flush with the plane of the dorsum sellae. Few reports have
focused on the anatomy of the LW of the CS which contains
important neural structures [13, 20]. But histological features
of the LW of CS were not investigated in detail until today.

The aims of this study are to elucidate the histological
characteristics of the medial and lateral walls of the CS in
normal human fetuses, to search any difference among fetuses
of various gestational ages, and to compare our results with
the previous studies.

Material and methods
Fifteen normal human fetuses were dissected for the histolog-
ical analysis of the walls of CS (Fig. 1). The ethical approval

for this study was obtained from the National Ethics Commit-
tee (approval number and date: B.10.4.ISM.4.06.68.49/
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Fig. 1 The illustration showing the coronal section of the sellar region.
Red line shows the lateral wall, and orange line shows the medial wall of
the CS

25.04.2012). The study was conducted in Microsurgery Train-
ing and Research Laboratory of our institution. The fetuses
were premature stillborns and were obtained from the Depart-
ment of Obstetrics. Eleven of them were female and four were
male. The gestational age was estimated by the last menstrual
period of the mother and confirmed with the measurement of
fetal foot by ultrasound. The gestational age of the fetuses
ranged between 14 and 35 weeks, and the weight of them
was between 180 and 1750 g. None of them had a malforma-
tion on the gross anatomical examination. The skull vault and
the encephalon were removed to expose the skull base. A Carl
Zeiss surgical microscope (OPMI-1 Lab) (Oberkochen, Ger-
many), X3 to x25 magnification, was used. A Midas Rex high-
speed drill was used to remove bone tissue (Legend Gold
Touch, Medtronic; Minneapolis, MN, USA). After the expo-
sure of sellar region, the pituitary gland was removed. The
lateral and medial walls of the CS were entirely exposed
(Fig. 2). Small parts of LW and MW of the CS, about 5-mm?
axial slices, were selected and taken for histological studies.
The tissue specimens were fixed in 10 % formalin and embed-
ded in paraffin. Serial longitudinal and transverse sections in
4-um thickness were obtained on adhesive slides with a Leica
CM1850 cryostat (Leica Microsystems, Nussloch, Germany).
First sections were stained with hematoxylin-eosin (HE) for
the light microscopic examination (Figs. 3 and 4). Masson
trichrome (Bio-Optica, Milan, Italy) was used for staining the

Fig. 2 Superior oblique view of the lateral sellar region. Lateral walls of
both CS are shown with red color in a fetus before obtaining the sample
for histological analysis. The cerebral tissue was removed, but the
pituitary gland was still in place
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Fig. 3 Histological section of the lateral wall of a right CS shows
peripheral nerve (long arrows) and loose collagen bundles (asterisks)
associated with vascular structures (short arrows). (H&E, x40)

nuclei, cytoplasm, collagen, and erythrocyte. Verhoeff-Van
Gieson (Biostain, Manchester, England) stain was used for
histochemical analysis of the elastic fibers. For immunohisto-
chemical examination, antigen retrieval was done by citrate.
Anti-collagen 1A1 (monoclonal, 1/100, Santa Cruz) and anti-
collagen III (monoclonal, 1/100, BioGenex) primary antibod-
ies were applied by indirect peroxidase method. Positive (nor-
mal skin tissue and gastric carcinoma, respectively) and nega-
tive controls were used during the process. The walls were
histologically examined for the presence of peripheral nerve,
ganglion, vessels, elastic fibers, and collagen bundles. The type
of collagen was also determined as type I or type III (Fig. 5).

Results

A total of 60 wall samples (30 MW and 30 LW) were examined
in 15 fetuses. The bulk of the CS is indeed composed of loose
connective tissue and vascular and neural structures within this
connective tissue. Vascular structures such as arteries, veins,
and lymphatics were present in 51 samples, and the distribution
of these structures was equally for both walls (26 in LW and 25
in MW). Peripheral nerve was found in 28 walls (18 in LW and
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Fig.4 Histological section of the medial wall of a left CS shows collagen
fibers and vascular structures in which black arrows show erythrocytes
with nuclei (H&E, x400)

10 in MW). Ganglion was detected only in 11 samples (nine in
LW and two in MW). These structures were mainly observed in
LW of'the CS. Elastic fibers were very rare and observed only in
three CS samples (two in MW and one in LW). These fibers
were surrounded by the arteries. Erythrocytes with nucleus
were the proof of fetal tissues. Glial fibrillary acidic protein
(GFAP) was negative in all samples. Collagen tissue was ob-
served in all walls with different densities. All collagen bundles
were stained with type III collagen. None of the samples was
immunopositive for type I collagen. The important features of
the walls were loose collagen bundles and thin vascular struc-
tures (Figs. 6 and 7). In addition, peripheral nerve and ganglion
were mostly observed in LW of the fetal CS.

Discussion

The histological structure of the LW and MW of CS was an-
alyzed in 60 samples from 15 fetuses. It was found that loose
collagen tissue was the main component of these walls. This
collagen tissue was composed of type I1I collagen, and elastic
fibers were detected only in three samples. There was no glial
tissue in the walls of fetal CS. Peripheral nerve and ganglions
were mostly in LW, but vascular structures were equally dis-
tributed in both walls.

The walls of the CS are always under investigation by
many scientists. Many papers were published in the literature
on the anatomy and contents of these walls in order to facili-
tate surgical approach to the CS [2, 10, 13-15, 18, 22]. Few
papers focused on the histology of these walls [17, 19, 23] to
understand the invasion of the CS by adjacent tumors.
Tobenas-Dujardin et al. [19] published a paper on the embry-
ology of the internal carotid artery dural crossing, and they
stated that the fetal period corresponds to the development of
the meningeal structures and the superior, medial, and lateral
walls of the CS appear on the fifteenth week of intrauterine life
and do not change after that. But they did not give detailed
histological information about the structure of the walls of CS.
Our study is the first research focused on the histology of the
medial and lateral walls of the CS in human fetuses.

The MW of the CS has been defined as a thin curtain that
separates the CS from the sella and the pituitary gland capsule
[6, 22]. It is believed that the MW plays a significant role in
determining the direction of growth of pituitary adenomas and
in planning pituitary surgery [4, 7, 22]. Tobenas-Dujardin et al.
[19] analyzed the walls of the CS in human fetuses, and they
divided the fetuses into two categories according to their ages.
They found that the superior, medial, and lateral walls of the CS
appear on the fifteenth week of intrauterine life and do not
change after that. Hashimoto et al. [11] performed morpholog-
ical study on the development of cavernous sinus in 14 fetuses,
and they showed that the formation of CS occurs through the
development of venous canals without smooth muscle layers,
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Fig. 5 Lateral wall of a right CS.
Immunohistochemical
examination shows collagen
bundles composed of collagen
type 3 between the vessels and
nerve fibers. Black arrows show
the vessels (streptavidin-biotin: a
x40 and b x200)

followed by web formation by collagen fibers in the mesenchy-
mal interstices. They also found that the formation of lateral
sellar compartment is largely completed before birth. This study
is similar to our study. But we mostly focused on the walls of
CS, and we also analyzed the types of collagen in our study.
Diao et al. [4] conducted a study on 16 adult cadavers, and they
indicated that the MW of the cavernous sinus consists of both
the meningeal dura and web-like loose fibrous network, which
are located at the anterosuperior and posteroinferior aspects,
respectively [4]. Yilmazlar et al. [23] analyzed histological
structure of the MW of the CS in eight samples of adult ca-
davers. They obtained coronal sections and examined connec-
tive tissue. They found that the exposure of the medial venous
space of the CS showed several fibrous bands extending from
the inner side of basal dural layer to the carotid artery and MW
of the CS. These bands were attached to the inferior aspect of
the pituitary corner and were more prominent anteriorly than
they were posteriorly. They suggested that the MW is a contin-
uation of dura mater composed of loosely arranged collagen
fibers. In our study, the youngest fetus was 14 weeks of gesta-
tional age and the walls of CS were detected in all fetuses. We
showed that collagen fibers were the prominent tissue of the
MW of CS, and peripheral nerve and ganglions were seldom
observed within this tissue. Peripheral nerve and ganglions
were less observed than the LW.

The anatomy of the LW of the CS has been described in
detail, but the histological structure of the LW is also not well
studied. Ultrastructural studies of the LW of CS have shown that
the dura mater comprising this structure features three distinct
layers: an external or periosteal layer that is attached to the inner
surface of the skull, an internal or “meningeal” layer, and a layer

Fig. 6 Medial wall of a right CS.
Histological examination with
Masson trichrome shows collagen
bundles between the vessels and
peripheral nerves. Black arrows
show the vessels, and asterisk
shows the collagen bundles
around the vessels (Masson
reticulin: a x40 and b x400)

@ Springer

of border cells that join this meningeal layer to the arachnoid
membrane [9]. In our study, we did not observed three different
layers in our samples. But we saw that LW has only one layer
which was composed of peripheral nerve, ganglions, and vas-
cular structures, and loose connective tissue consists of type III
collagen bundles. According to Tobenas-Dujardin et al. [19], the
LW appeared formed in the fetal stage by two layers: a lateral
layer formed by meningeal cells, whose arrangement achieved a
dense and resistant aspect, and a medial layer whose
mesenchymatous cells created a looser network in the periphery
of the cranial nerves. In our study, we did not observe two
different layers in the LW samples of the fetal CS but we ob-
served neural and vascular structures within a loose connective
tissue which is mainly stained with type III collagen.

In human body, all connective tissues are composed of two
basic components: intercellular matrix and cells [1]. The in-
tercellular matrix of loose connective tissue is composed of
various fibers and ground substance. There are three types of
fibers in the intercellular matrix as follows: collagen fibers,
reticular fibers, and elastic fibers. The most prevalent protein
in the body is collagen. Each collagen fiber is made up of a
variable number of smaller collagen fibrils. These fibrils are
composed of type I collagen. Reticular fibers actually repre-
sent narrow bundles of type III collagen fibrils, which are
produced by fibroblasts in loose connective tissue [1]. Peker
et al. [17] studied the walls of the pituitary fossa and they
found that the pituitary capsule and the dural layers in the
lateral and inferior walls of the pituitary fossa were
immunopositive for collagen types I and II. They detected
collagen types III, IV, and V only in the pituitary capsule. In
our study, we analyzed the walls for staining with type I and
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Fig. 7 Medial wall of a right CS. Verhoeff-Van Gieson staining shows
collagen bundles (asterisk) between the vessels and peripheral nerves.
(Verhoeft-Van Gieson: x10)

type III collagens. We found that the lateral and medial walls
were not immunopositive for type I collagen in the fetal CS.
These walls were intensely stained for type III collagen. This
shows that the structures of these walls are different from
those of adults. So, lateral and medial walls are a weak barrier
for the CS during the intrauterine life. Pituitary adenomas and
middle fossa tumors could easily penetrate the CS due the
loose connective structure of it in early age of the life.

Skull base is a unique area with compact arrangement, and
surgery of this region in pediatric population has some special
challenges. CS may be invaded by the skull base tumors, such
as pituitary adenoma and meningioma. This invasion is clin-
ically important because it makes the surgical procedure more
difficult and less efficient. CS invasion increases the frequen-
cy of intraoperative vascular injury and postoperative cerebro-
spinal fluid leakage. Dural wall invasion usually implies par-
tial surgical removal of the tumor and requires additional ther-
apy, such as radiotherapy and chemotherapy [3]. Our study
showed that the medial and lateral walls of the CS in fetuses
have a less rigid structure than those in the adults. This may
predispose infants to tumor invasion in the CS. Therefore,
infants and young children with skull base tumors need me-
ticulous and proper preoperative evaluation and planning to
avoid additional neurological deficits.

In conclusion, the histological structure of the lateral and
medial walls of the CS is different than those of the adults. The
composition of these walls might not be changed after the
birth. Children are more likely to have CS invasion than adults
due to the weakness of the lateral and medial walls for the
infiltration of the CS by pituitary and middle fossa tumors.
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