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Trabeculae in the basilar venous plexus:
anatomical and histological study with
application to intravascular procedures

Viktoriya S. Grayson', Mitchell Couldwell', Arada Chaiyamoon®, Juan J. Cardona’, Francisco Reina’,
Ana Carrera®, Erin P. McCormack’, Kendrick Johnson®, Sassan Keshavarzi’, Joe Iwanaga3’5’6,

3 3,5,6,7,8,9,10
Aaron S. Dumont’, R. Shane Tubbs
"Tulane University School of Medicine, New Orleans, LA, USA, *Department of Anatomy, Faculty of Medicine, Khon Kaen University, Khon Kaen,

Thailand, *Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, USA, *Department of Medical Sciences, Clinical
Anatomy, Embryology and Neurosciences Research Group, University of Girona, Girona, Spain, *Department of Neurology, Tulane University School
of Medicine, New Orleans, LA, ‘Department of Structural & Cellular Biology, Tulane University School of Medicine, New Orleans, LA, "Department
of Surgery, Tulane University School of Medicine, New Orleans, LA, USA, *Department of Anatomical Sciences, St. George’s University, St. George’s,
Grenada, *Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System, New Orleans, LA, USA, "University of
Queensland, Brisbane, Australia

Abstract: Few studies have examined the basilar venous plexus (BVP) and to our knowledge, no previous study has described
its histology. The present anatomical study was performed to better elucidate these structures. In ten cadavers, the BVP was
dissected. The anatomical and histological evaluation of the intraluminal trabeculae within this sinus were evaluated. Once
all gross measurements were made, the clivus and overlying BVP were harvested and submitted for histological analysis.
A BVP was identified in all specimens and in each of these, intraluminal trabeculae were identified. The mean number of
trabeculae per plexus was five. These were most concentrated in the upper half of the clivus and were more often centrally
located. These septations traveled in a posterior to anterior direction and usually, from inferiorly to superiorly however some
were noted to travel horizontally. In a few specimens the trabeculae had wider bases, especially on the posterior attachment
to the meningeal layer of dura mater. More commonly, the trabeculae ended in a denticulate form at their two terminal
ends. The trabeculae were on average were 0.85 mm in length. The mean width of the trabeculae was 0.35 mm. These
septations were consistent with the cords of Willis as are found in the lumen of some of the other intradural venous sinuses.
An understanding of the internal anatomy of the BVP can aid in our understanding of venous pathology. Furthermore, this

knowledge will benefit patients undergoing interventional treatments that involve the BVP.
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Introduction

The basilar venous plexus (Figs. 1, 2) is a variable struc-
ture originating between the meningeal and endosteal layers
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dural venous sinuses of the posterior cranial fossa [2, 4]. Lat-
erally, the plexus connects the inferior petrosal sinuses with
the internal vertebral venous plexus inferiorly [5]. Posteriorly,
the plexus joins with the marginal sinus, while it connects
anteriorly with the anterior condylar veins [2, 6, 7]. Anasto-
moses with small veins from the brainstem and cerebellum
have also been described [8, 9]. Understanding the anatomy
of this venous structure and its complexity isimportant for
clinicians treating patients with neurological diseases of the
venous system and cavernous sinus, as well as for interpret-
ing imaging results of these structures.

In addition to the variable anastomoses, the central lo-
cation of the basilar venous plexus dorsal to the clivus, is
notable [10-12]. The clivus is associated with numerous pa-
thologies including neoplasm, inflammatory reactions, and
trauma, all of which can affect the overlying basilar venous
plexus [13]. Although the clivus has been widely studied, the
basilar venous plexus remains poorly understood. Therefore,
further investigation into its anatomy and variants is valu-
able for managing disease in and around the clivus. We re-
port our findings of the anatomical and histological findings
of the intraluminal trabeculae of the basilar venous plexus.

Materials and Methods

In ten adult cadaveric specimens, the basilar venous
plexus was studied. Specifically, the anatomical and histo-
logical evaluation of the intraluminal trabeculae were evalu-
ated. Five specimens were latex injected and five were freshly
frozen. Six males and four females made up the cohort with
a mean age at death of 80.1 years (range 65 to 101 years). In
the supine position, the calvaria was removed from each
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Fig. 2. (A) Gross cadaveric dissection inside the basilar venous plexus

(blue) after opening a window into the dura mater (black arrow) over
the clivus. Note the septation (*) within the basilar venous plexus.
The septation is seen attaching to the anterior and posterior walls
of the plexus. For reference, laterally, note the right abducens nerve
(VI) traveling through the dura (Dorello’s canal) over the clivus and
continuing anteriorly under the petroclinoid (clival) ligament (yellow
arrow) to enter the cavernous sinus with the inferior petrosal sinus.
(B) Gross dissection noting a more or less horizontally positioned
intraluminal septation (*) within the basilar venous plexus (BVP).

specimen using an oscillating bone saw. The dura mater was
opened, and the brain removed. Using a surgical microscope
(Zeiss), the meningeal layer of dura mater over the clivus was
carefully opened and the underlying trabeculae dissected.
When found, the length and width of the trabeculae were
measured and the orientation of these septations document-
ed. All measurements were made using microcalipers (Mi-
tutoyo). Once the gross measurements were made, the clivus
and overlying basilar venous plexus were harvested and fixed
in 10% formalin. Specimens were decalcified in ethylenedi-
aminetetraacetic acid for one month and then submitted for
histological analysis (H&E, Masson’s trichrome). The au-
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Fig. 3. Histological sections (Masson’s trichrome) the basilar venous plexus. (A) The plexus (arrows) is seen within the dura mater overlying the
g g p p ying

clivus. The trabecular portion of the clivus is labeled with black font and the cortical surface of the clivus is labeled with white font. (B) The
plexus (BVP) is seen at greater magnification (portion within the yellow box on the A) with the presence of an intraluminal septation (*). Also,

note the blood cells (BCs) within the basilar venous plexus.

thors state that every effort was made to follow all local and
international ethical guidelines and laws that pertain to the
use of human cadaveric donors in anatomical research [14].

Results

A basilar venous plexus was identified in all specimens
and in all of these, intraluminal trabeculae were identified
(Fig. 2). The number of trabeculae per plexus ranged from
4 to 8 (mean 5). These were most concentrated in the up-
per half of the clivus and were more often centrally located.
These septations traveled in a posterior to anterior direction
and usually, from inferiorly to superiorly. Some trabeculae
had wider bases, especially on the more posterior attach-
ment to the meningeal layer of the dura mater (Fig. 2). Oth-
erwise, most trabeculae ended in a denticulate form at the
two terminal ends. Uncommonly (approximately 10% of
specimens), some trabeculae traveled in a more or less hori-
zontal direction (Fig. 2). The trabeculae varied in size but
were on average, 0.85 mm (range 0.5 to 1.45 mm) in length.
The mean width of the trabeculae was 0.35 mm (range 0.24
to 0.48 mm). Grossly, these septations were consistent with
the cords of Willis as are found in the lumen of some of the
other intradural venous sinuses e.g, superior sagittal sinus.
Histologically, these were consistent with meningeal tissue
and connected two endothelial surfaces of the basilar venous
plexus (Figs. 3, 4). None of the specimens was found to have
signs of previous surgery to the cranium and specifically, the
skull base.

Discussion

Few publications have addressed the various relationships

Fig. 4. Histological section (Masson’s trichrome) through the clivus

noting the basilar venous plexus (BVP). An intraluminal septation
is seen at the arrow. Also, note the red blood cells (RBCs) within the
lumen of the basilar venous plexus.

of the basilar venous plexus to surrounding venous struc-
tures. Renn and Rhoton [15] reported that the plexus was the
widest and most constant intercavernous connection and
was present in 82% of specimens. More recently, Aquini et
al. [16] examined 32 cadavers using electrolytic decalcifica-
tion, vascular filling, X-rays and serial anatomical sections
and found that 100% had a basilar venous plexus, and in 23
(71.9%), it was the widest at the intercavernous connection.
The pathology of the basilar venous plexus has not been
well documented; however, the venous interconnections
provide collateral venous drainage in the event of dural arte-
riovenous and carotid cavernous fistula formationl. Coskun
et al. [17] reported four cases of carotid-cavernous fistulae
diagnosed using computerized tomography angiography,
three involving the basilar venous plexus. Halbach et al. [18]
described thirteen patients with cavernous dural fistulas
who underwent transvenous embolization to promote fistula
closure. In one case, the basilar venous plexus was used for
initial embolization by inserting a small catheter, followed
by two more embolization procedures to cross the midline
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through a trans-sellar vein to reach the sinus. Takahashi et
al. [19] described a single case of a patient presenting with a
dural arteriovenous fistula and venous reflux due to bridg-
ing vein connections between the basilar venous plexus, the
cerebellar hemispheric veins, and the lateral mesencephalic
vein. Difficulty in navigating catheters inside the basilar
venous plexus may be due to the trabeculae identified in the
present study. Therefore, these structures should be kept in
mind during such intravascular procedures. Further study
is required to optimize catheter manipulation within these
venous structures.

Pathological engorgement of the basilar venous plexus has
also been discussed in clinical cases with various present-
ing neurologic deficits. Choi et al. [20] described a case of
such engorgement resulting in right abducens nerve palsy.
A 60-year-old woman presented with horizontal diplopia
lasting seven days with recurrence one year later, involv-
ing multiple diplopia episodes [20]. Noblett et al. [13] also
reported a case of a 56-year-old woman who presented with
right-sided, pulsatile headaches associated with intermittent
vision changes in the right eye. The imaging findings sug-
gested that her symptoms were due to a basilar venous plexus
anomaly, highlighting the importance of distinguishing be-
tween venous enlargement and clival pathology.

The location of the basilar venous plexus must also be
considered during skull base surgery, especially during en-
doscopic transsphenoidal and transclival approaches, which
allow surgeons access to the ventral brainstem [21]. In a re-
cent cadaveric study of the inferior intercavernous sinus and
its applications to trans-sphenoidal pituitary surgery, Wahl
et al. [22] described a connection between the basilar venous
plexus and the inferior intercavernous sinus. This connec-
tion was found on the inferior surface via a diploic vein in
one specimen among 50, highlighting the variability in ve-
nous drainage of this area and the importance of considering
it prior to surgery.

Several case studies have demonstrated the importance
of surgical preparation when both the posterior intercavern-
ous sinus and the basilar venous plexus are transected [23,
24]. Complications during endoscopic transclival surgery
can result in bleeding from the basilar venous plexus, and
management during surgery has included hemostatic agents,
compression, and platinum coils, all of which must be read-
ily available to the surgeon [25]. Additionally, Mizutani et
al. [21] cautioned against disruption of the venous drainage
of the brainstem via bridging veins draining into the basilar
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venous plexus.

Trabeculations or septations of the dural venous sinuses
have been reported, mainly within the superior sagittal or
transverse sinus, often referenced as the “cords of Willis.”
Farb [26] identified the cords of Willis in the superior sagit-
tal sinus of all 56 patients studied and in 58 of 112 transverse
sinuses examined with contrast-enhanced magnetic reso-
nance venography. Strydom et al. [27] studied the transverse
sinuses of both cadavers and patients and found that 29.4%
of the 102 subjects had septations in them. Altafulla et al. [28]
also found a total of 42 septations in 24 cadaveric transverse
sinuses studied (12 cadavers). In the present study, all basilar
venous plexuses were found to contain such trabeculae.

Pathological conditions involving trabeculae of the dural
venous sinuses have been mentioned in relation to both the
generation of turbulent blood flow and potential thrombosis
or thromboembolism [27, 29]. Stenosis of the transverse sinus
is also well known to contribute idiopathic intracranial hy-
pertension [27, 29]. The possible benefits of dural sinus septa-
tions were discussed by Altafulla et al. [28] in their study of
the architecture of transverse sinus trabeculations and their
tensile strength. The authors suggested that these intralumi-
nal septations help maintain the three-dimensional shape of
the dural sinuses where hemodynamic stress was maximal,
for instance where the direction of blood flow changes and
in areas of maximum curvature of the sinuses. Although
speculative, these structures in the basilar venous plexus may
have a similar function and require further investigation.

In conclusion, to our knowledge, septations within the
basilar venous plexus have not been previously mentioned in
the literature. Further understanding of the internal anatomy
of this plexus will aid in our treatment of any associated pa-
thology. Furthermore, this knowledge could benefit patients
undergoing open, endoscopic and interventional treatments
that involve the basilar venous plexus and its surrounding
structures.
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