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ABSTRACT

AIM: To develop an approach for atrial application of ventriculoatrial (VA) shunts after revealing the venous anatomy with facial and
cervical anatomical dissections.
MATERIAL and METHODS: Five cephalic cadavers were used in the study. Facial and cervical regions of the cephalic cadavers

were examined with layer by layer anatomical dissection. Venous angiography and ultrasonography were performed to obtain
additional data on the cervical venous vascular anatomy. Subsequently, we developed an approach for atrial catheter applications.

RESULTS: No anatomical variations were detected in the dissections. The common facial vein, which was formed by the facial
vein and retromandibular vein, was observed to drain into the internal jugular vein. As a result of dissections and examinations,
an incision approximately 2 cm below the mandible, extending from the projection of the submandibular notch to the trace of the
angulus mandible, was considered adequate to expose the common facial vein for atrial catheter insertion.

CONCLUSION: The approach described in our study is appropriate for the application of an atrial catheter for VA shunts. Revealing
the venous anatomy with examinations contributes to the success of the operation.

KEYWORDS: Hydrocephalus, Common facial vein, Ventriculoatrial shunt, Operative technique

ABBREVIATIONS: CSF: Cerebrospinal fluid, VP: Ventriculoperitoneal, VA: Ventriculoatrial, MR: Magnetic resonance

B INTRODUCTION

entricular dilatation, a result of impaired balance in the
formation and absorption of cerebrospinal fluid (CSF),

is defined as hydrocephalus (16). Various surgical
techniques have been defined to reroute excess CSF in the
ventricular system to other cavities that have absorption
capacities, such as the pleura (6), peritoneum (25), and

right atrium (19). Of these, ventriculoperitoneal (VP) shunt
interventions are the most preferred methods (4,19). However,
VP shunt applications are not suitable for cases such as
peritonitis, intraabdominal malignancy, peritoneal absorption
failure and previous multiple VP shunt malfunctions (18,20).

Ventriculoatrial (VA) shunt systems, which ensure CSF drains
from the ventricular system to the right atrium, are an eligible
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option when VP shunting is inapplicable (18,20). Although they
are barely regarded as a first-line option in hydrocephalus, VA
shunt applications continue in daily practice (18). However,
the application of the atrial catheter of the VA shunt comprises
some difficulties. The familiarity with the anatomy of this re-
gion has decreased among neurosurgeons due to decreased
application numbers in the last decades. Also, this procedure
involves complication risks such as malposition, obstruction,
shunt infection, endocarditis, heart failure, intra-atrial throm-
bus, and pulmonary hypertension (3,10,13). The literature on
standardized surgical approach recommendations to mini-
mize the complication risks of the procedure is scarce.

Venous vascular anatomy can be revealed with radiological
examination methods. One of the non-invasive radiological
examination methods is cervical venous angiography, which
can be performed with magnetic resonance (MR) imaging
without contrast administration (8). Also, ultrasonography is
reported to be beneficial for obtaining information about the
venous vascular structure of the neck (24).

In light of this information, a standardized approach consoli-
dated with preoperative radiological examinations could de-
crease complications. Therefore, in this study, we aimed to
define a reliable surgical approach for VA shunt atrial catheter
application using cadaveric dissection for venous vascular
anatomy and non-invasive examinations, such as venous an-
giography and ultrasound.

B MATERIAL and METHODS

This study was evaluated and approved by the Clinical
Research Ethics Committee of Bahcesehir University (date:
02/09/2020, number: 2020-11/09). Cervical and facial

dissections were carried out on formaldehyde-preserved
human cadavers. The dissection was performed using
basic microsurgical instruments. Five cephalic specimens
were examined in the study. All cadavers were of Caucasian
ethnicity. None of the cadavers studied had previous surgery
or disease that affected the integrity of the cervicofacial
anatomy.
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Dissection and investigation of cadaveric specimens
were performed at the Bahcesehir University Prof. Rhoton
Anatomy and Surgery Training Center. The dissection
technique was layer by layer determination of cervical and
facial anatomical structures. Anatomical dissection focused
on the venous vasculature and surrounding structures in
the following regions of the head and the neck, buccal and
parotidomasseteric regions in the face, and anterior cervical
and sternocleidomastoid regions in the neck. During the
dissection, to develop a surgical approach recommendation,
special attention was paid to the venous structures in the
submandibular and carotid trigons of the anterior cervical
region, and their three-dimensional relationship with the
jawline.

To support the anatomical data obtained after dissection,
MR venous angiography and venous ultrasonography
examinations were performed. Healthy volunteers, 18 + years
of age, without any vascular pathology were recruited, and all
participants gave informed written consent. Superior cervical
superficial ultrasonography for the venous vasculature was
performed in five participants. Ultrasonography imaging was
performed using the Venue 40 Ultrasound, GE Healthcare
Systems, Chicago, llinois, United States of America. In
addition, craniocervical venous angiography (without contrast
administration) was performed on two participants. Venous
angiography examination was performed using Optima MR
450W 1,5 Tesla, GE Healthcare Systems, Chicago, llinois,
United States of America.

B RESULTS
Results of the Anatomic Dissections

The anatomical dissections that were performed are shown in
Figures 1A, B and 2A, B. The facial vein originated medial to
the orbit and lateral to the nose. Subsequently, the facial vein
descended posteriorly in the buccal region, passing over the
superficial surface of the masseter muscle. Later, the facial
vein crossed over the body of the mandible. The facial vein

Figure 1: Facial and
cervical anatomical
dissection to observe
the venous vasculature.
A) A skin incision was
used that allows cervical
and facial anatomical
dissection. B) After
skin and subcutaneous
tissue dissection,
before the platysma
muscle dissection, the
submandibular gland
and parotid gland were
observed.
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Figure 2: Facial and
cervical anatomical
dissection for the venous
vasculature.

A) Venous vasculature
after the platysma muscle
and deep dissections;
the parotid gland

was removed and the
sternocleidomastoid
muscle was suspended.
B) Magnified view of

the venous vasculature.
CFV: Common fascial
vein; FA: fascial

artery; FV: fascial vein;
IJV: interanl jugular vein;
RMV: retromandibular
vein; SMV: submental
vein.

Figure 3: lllustration of the recommended surgical approach.

was observed behind the groove for the facial artery in all
cadaveric specimens while passing over the lower border of
the mandible. In all specimens, the facial artery descended
anterior to the facial vein. After that, the facial vein passed
beneath the platysma and entered the submandibular triangle
in the anterior cervical region. In this region, the facial vein
received the submental vein and passed over the lateral or
medial surface of the superficial part of the submandibular
gland. Then, the facial vein descended, pierced the deep
fascia, and received the retromandibular vein to form the
common facial vein.
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The submental vein originated from the submental triangle in
the anterior cervical region. Then the submental vein crossed
laterally to enter the submandibular triangle. Consequently,
the submental vein passed over the superficial part of the
submandibular gland and drained into the facial vein.

In the parotideomasseteric region, the retromandibular vein
was formed in the posterior of the parotid gland, descended,
and then divided into two branches (anterior and posterior) at
the inferior end of the parotid gland. The posterior branch of
the retromandibular vein crossed to the sternocleidomastoid
region and formed the external jugular vein over the superficial
surface of the sternocleidomastoid muscle.

In the carotid triangle, the facial vein and anterior branch of
the retromandibular vein formed the common facial vein.
The common facial vein descended posteriorally to the
submandibular gland, crossing the carotid arteries and
draining into the internal jugular vein. With this course, the
common facial vein received the superior thyroid veins.

Surgical Approach Proposal for Atrial Catheter
Applications

Using the information obtained from venous vascular
anatomical dissections, a recommended surgical approach
was developed. An illustration of the recommended surgical
approach is shown in Figure 3. Anatomical dissections made in
this approach are presented in Figure 4A, B. While performing
the approach on cadaveric specimens, two reference points
on the mandibular bone were considered: the groove for the
facial artery and the angulus mandibula. Both anatomical
markers were easily palpated. The planned surgical incision
was parallel to the mandibular corpus and approximately 2 cm
below the mandibular corpus. The incision was approximately
3.5 cm in length and extended from the projection of the
groove for the facial artery to the projection of the angulus
mandible. Venous vascular structures were encountered in the
submandibular and carotid triangle after the skin incision and
subcutaneous and platysma dissections. The facial vein and
submandibular vein that formed the common facial vein were
identified. The common facial vein was considered to be the
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Figure 5: Venous magnetic resonance angiography showing the
cranial and cervical venous vasculature; the facial vein (FV) joins
with the retromandibular vein to form the common facial vein that
drains into the internal jugular vein (IJV).

most appropriate venous structure for application of the atrial
catheter.

In ventricular catheter placement via the posterior approach
using Frazier’s point, the trocar that was sent subcutaneously
through the posterior incision reached the submandibular
incision effortlessly. The trocar was removed following the
atrial catheter passing through the trocar. Then, the atrial
catheter was inserted using an incision on the common facial
vein.

Figure 4: Recommended
surgical approach.

A) Skin incision is shown
for insertion of the distal
atrial catheter of the
ventriculoatrial shunt.

B) Appearance after the
skin and subcutaneous
and platysma muscles
are dissected and the
distal atrial catheter is
inserted through the
common facial vein.
AM: Angulus mandibula;
CFV: common facial
vein; DC: distal catheter;
FV: facial vein;

GFA: groove for facial
artery

Magnetic Resonance Venography

A sample for MR venography is presented in Figure 5. The
relationship between the facial vein, submandibular vein, and
common facial vein with the jawline could be identified in MR
venography of individuals with normal venous vasculature.
According to the results of venographies, there was no need
for modification of the incision in the recommended approach
for atrial catheter application.

Ultrasound

The images taken during ultrasonographic examinations are
presented in Figure 6A-C. In the ultrasound examinations, the
facial vein was identified behind the groove for the facial artery
in the submandibular triangle. Pressure application was useful
for the segregation of venous structures from arterial structures.
When the pressure was applied, the veins collapsed but no
significant decrease was observed in the vascular width of
the arteries. Identification of the carotid artery, internal jugular
vein, common facial vein, and the submandibular vein was
feasible by following the facial vein. According to the venous
anatomical information obtained from the ultrasonography, no
modification was needed for the recommended approach.

B DISCUSSION

In our study, via anatomical dissection, sufficient information
about trace and surrounding anatomical structures was
obtained about the facial vein, submental vein, and
retromandibular vein, which are the suppliers of the common
facial vein that drains to the internal jugular vein. Based on
the information obtained, we concluded that the catheter
application was appropriate via the common facial vein
after an incision 2 cm below the mandibular corpus using
two reference points: the groove for the facial artery and the
angulus mandibula. According to the results of our study, it
would be possible to obtain knowledge about the venous
vascular structure with examinations before the application
and, accordingly, if needed to modify the incision location for
surgical intervention.
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Figure 6: Cervical ultrasonography images for vascular structures. A) In the sternocleidomastoid area, under the sternocleidomastoid
muscle (SCM), the carotid artery (red star) and internal jugular vein (yellow star) were observed. B) The common facial vein in the
submandibular triangle is indicated by yellow arrows. C) The common facial vein that collapsed after pressure administration with the
ultrasound probe is shown by yellow arrows.

VA shunt applications became popular as a result of the
developments in shunt materials in the early 1950s (17,25).
However, in the following decades, due to the determination
of major complications and procedural difficulties, and
improvements in the placement of distal catheters in the
peritoneal cavity, VA shunt procedures have started to lose
their popularity (2,15). Eventually, in the early 80s VA shunts
applications started to become uncommon procedures. In the
following decades, neurosurgeons have become less familiar
with this procedure and the anatomy of this region. On the
other hand, atrial placement of the distal catheter is still a
preferable alternative when the peritoneum is not available.
In addition to pathological conditions such as peritonitis,
malignancy, and malabsorption (18,20), VA shunts are also a
treatment alternative in some physiological conditions such as
increased intraabdominal pressure due to an enlarged uterus
during pregnancy (7). Despite the prevalent impression that
VA shunt placement is associated with high complication
rates and operative difficulties, some studies have suggested
that atrial catheter placements are as reliable as peritoneal
catheters (1,19). For these reasons, a study that focused on
increasing familiarity with the anatomy and reducing operative
difficulties for VA shunt applications such as in our study,
would be beneficial.

Accurate placement of the atrial catheter is crucial to prevent
severe complications related to VA shunts. Delicate planning
before surgery provides increased potential for proper
placement of the catheter. The value of using ultrasonographic-
guided techniques to place an atrial catheter has been
demonstrated (9,20). Ultrasound facilitates visualization
of the venous vascular structures with distinguishing from
arterial vascular structures. Higher calibration and recordable
compression with pressure can be observed in veins. In our
study, identifying venous structures, such as the internal jugular
vein, common facial vein, and facial vein, were achievable via
ultrasound. According to these results, no modification was
needed in the recommended surgical approach. However, if
needed, any requirement for modification of the skin incision
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could be determined via ultrasonography during surgical
planning.

The facial vein, common facial vein, and internal jugular vein
are radiologically identifiable vascular structures. MR imaging
is a frequently used non-invasive method to analyze the
vasculature (12). Evaluating the venous vascular structures
is possible with non-contrast MR imaging. Vessel diameter
measurements are feasible with MR venography in the cervical
region (8). Whether the veins are of suitable width for catheter
application can be predicted with venography before the
procedure (22). Identifying structures such as the facial vein,
common facial vein, and internal jugular vein were possible
with the venography performed in our study. No modifications
were required in the recommended surgical approach
according to the results of the MR venography. If the venous
diameter is not considered sufficient for catheter application,
the incision can be modified to reach distal venous structures
and the incision location can be changed in the horizontal
plane according to the location of the venous structures.

Mislocated migration is one of the distal catheter complications
of VA shunt procedures. Most migrations occur in the
intracardiac area or in the proximal intravascular space (23).
However, retrograde (5) or extra-vascular migrations (14) have
also been reported. The course of the common facial vein
provides an appropriate joining angle with the internal jugular
vein for cannulating this vein. This provides reduced risk of
retrograde migration during cannulation.

Performing a VA shunt distal catheter application via the
facial vein is not appropriate in patients who have had surgery
previously in the cervical region (11). In patients with a cervical
surgery history, such as tracheostomy, thyroid surgery,
and previous VA shunt applications, a more distal venous
structure, such as the cephalic vein, can be selected for atrial
catheter application (11). In our study, those who had no
previous cervical surgery history were included in the cadaver
selection.



B CONCLUSION

In this study, we showed that the common facial vein,
draining into the internal jugular vein, is suitable for atrial
catheter applications in most VA shunt surgeries. For such
applications, a surgical approach via an incision 2 cm below
the mandibular corpus between vertical projections of two
reference points: the groove for the facial artery and angulus
mandibulae, was recommended. Also, examinations on
venous anatomy performed with non-invasive methods,
such as MR venography and ultrasound, before the surgical
intervention increases the success rate of the procedure.
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