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ABSTRACT

Background: Tumors of the cerebellopontine angle (CPA) are challenging to resect and have been proven difficult
for neurosurgeons to manage optimally. Superior petrosal vein complex (SPVC) as the main drainage system and
close proximity to CPA could be an obstacle during operation. There is an incidence ranging from 55% to 84% of
injury to one part of the SPVC during CPA tumor surgery.

Illustrative Case: We report a case of 65-year-old woman with CPA tumor, who complained of unilateral hearing
loss, dizziness, and facial pain. During tumor resection, one part of SPV complex was injured, then cerebellar
edema develops.

Lessons: This case provides an overview of surgical complication associated with venous sacrifice. This would
support the agreement to preserve SPV regarding risks and improve the quality of surgical decision making.

Keywords: Cerebellopontine angle, Meningioma, Sacrifice, Superior petrosal vein, Tumor resection

INTRODUCTION

Meningiomas account for 26% of primary intracranial neoplasms. Among intracranial
meningiomas, 5-10% are located in the cerebellopontine angle (CPA).”) Meningiomas represent
the second most common type of neoplasm of CPA®*'?! with a prevalence of 3-13% of all CPA
lesions.”’ CPA meningiomas account for 1.5% of intracranial meningiomas and dominated
(58.3%) in a series of meningiomas of the posterior skull base.['?

CPA often enabling complete surgical removal. However, complete removal can carry potential risks
that may be significant, especially when the tumor has invaded brain tissue or surrounding veins."
Superior petrosal veins (SPVs) are often obstacles during surgery in the upper CPA." SPV complex
(SPVC) is a major draining system in the posterior fossa and a consistent landmark within the CPA.1"”)

Attention has been paid to SPVs during surgeries for tumor in the upper CPA, and the number
of reports on associated complications, especially during meningioma surgeries, has recently
increased."®! Injury of a part of the SPVC has been frequently reported in large case series, with
an incidence ranging from 55% to 84% of cases."!
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Subsequently, sacrifice of veins is common practice to
gain surgical exposure.’”! The safety of SPV sacrifice is a
challenging question.” Yet, current literature indicates that
complications following venous sacrifice are underreported.
Hence, surgical literature on safety and complications
of venous sacrifice in the posterior fossa remains
contradictory.”’ In this manuscript, we report a case of the
complication of SPV sacrifice during CPA tumor resection.

ILLUSTRATIVE CASE
History and examination

A 65-year-old woman was referred from the previous
hospital with some symptoms of a CPA tumor. She reported
a history of pain on her cheeks and lower jaw. She also
complained about left ear hearing loss and dizziness. These
symptoms have appeared for 6 months and are getting worse.
Neurological examination revealed cranial nerve V, VII, and
VIII abnormalities. The patient had already been informed
and consent regarding the publication of her data.

Radiological findings

Magnetic resonance imaging without contrast was performed
at previous hospital and showed a lesion at left CPA [Figure 1].
Diagnosis of petrotentorial tumor has been confirmed. Due to
economic issue, radiologic examination with contrast agent
was not conducted. Preoperative venography did not perform
on CPA tumor according to hospital policy.

Operation and postoperative reports

Surgery was initiated with park-bench position, retrosigmoid
craniotomy, and exploration of the CPA. It appears that the
cerebellum relaxes and the left cerebellopontine exposes after
the cisterna magna was opened and cerebrospinal fluid was
released.

Arachnoid detachment was performed to separate the
tumor from the cerebellar tissue. During surgical debulking

of tumor, the left SPV attached to the tumor was cut off.
Coagulation technique with bipolar cautery to stop bleeding
was given immediately. The surgeon noticed progressive
cerebellar swelling and the CPA becomes inaccessible a
15 min later. Cerebellar tissue begins to swell and extends
beyond the border of the craniotomy. In consequence, the
craniotomy was widened so that we could remove the rest
of tumor. Bone flap was not put back in place. Dural graft
was chosen to be placed over the cerebellar tissue followed by
closure of the muscle, fascia, and skin.

The patient was transferred in radiology for an emergency
computed tomography (CT) scan and the results showed
left cerebellar edema and hemorrhage with concomitant
developing hydrocephalus [Figure 2].

The patient was transferred back to the operating room and
the Kocher’s point for the right external ventricular drainage
was positioned. The patient was then transferred to the
intensive care unit and remained sedated for 24 h. Another
head CT scan was performed and showed an advancement of
hemorrhage [Figure 3].

When sedation is stopped, the pupils are small and
unreactive. The patient does not respond to pain, verbal, and
eye stimulation. Glasgow Coma Scale is 3. No corneal reflex.
The patient died 24 h later.

DISCUSSION
Anatomical perspective of SPV

The venous drainage of the SPV has many variations. These
veins are among the largest and the most frequent veins in
the posterior fossa. The SPVs drain the anterior and lateral
surfaces of the brainstem, the petrosal surface, and some
lateral parts of the tentorial and suboccipital surfaces.!'!)
Tanriover et al. group updated the classification as Typel,
Type 2, and Type 3 based on relationship of its site of entry
into the SPS, Meckel cave, and the internal acoustic meatus
(IAM) [Figure 4].1**?"1 In Type 1, the SPV complex empties

Figure 1: MR without contrast imaging of axial shows hypointense on T1 (a) and hyperintense in T2 (b) revealed extra-axial lesion in the left
cerebellopontine angle. Flow void appearance on T2 flair (c) refers to the left superior petrosal vein attached to the lesion.
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in to the superior petrosal sinus (SPS) or lateral to the IAM.
In Type 2, SPV complex empties into the SPS between the
lateral limit of the trigeminal nerve and the medial limit of
facial nerve. In Type 3, the SPV complex empties into the SPS
at a point medial to the lateral limit of trigeminal nerve.*

After SPV obliteration, compensatory venous blood drainage
seems to occur through anastomotic pathways directed to
the ipsilateral supratentorial deep veins. Anastomoses to the
contralateral petrosal vein system do not suffice to install an
adequate outflow.!'!

Clinical implication of SPV occlusion

CPA has always proven difficult for neurosurgeons to optimally
manage,'"! also challenging to resect because of their complex
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Figure 2: CT imaging early postoperative shows cerebellar edema
and hemorrhagic on cerebellum (a) and hydrocephalus (b).
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Figure 3: CT imaging 2 days postoperative shows increase
of cerebellar edema and hemorrhagic on cerebellum (a) and
hydrocephalus with extraventricular drainage device placement (b).

regional anatomy, the deep and narrow surgical corridors
involved, and the abundance of vital neurovascular structures
in the surgical field.*” The posterior fossa venous anatomy is
often not well visualized during surgery. This is particularly
true regarding the SPVC. The SPV also has variable anatomy
as it may be the terminal segment of one single vein or may
form as the common union of multiple veins.!"!

Coagulation and dissection of the SPV do not frequently cause
adverse sequelae. Several large series study of sacrificing SPV
in petrous tumor showed negligible complication, in a study
of 55 patients with petrous meningioma surgery, the SPV was
sacrificed in 49% of the case and only 3 patients had hearing
loss complication, compared with other group which SPV was
preserved, 3 patients also had hearing loss complication (P >
0.05).1% Another study conducted in 12 patients which all of
the patient’s SPV were sectioned, no mortality was found and
all of the patient had good performance after the surgery."

Another study conducted in sacrificing SPV showed the
benefit of venography before surgery to identify SPV type
and its tributary, helping surgeon decision to preserve
or to sacrifice the SPV. This study described no venous
complication for all patient who underwent surgery with
sacrificing or preserving SPV with 1 patient as SPV Type
1, 2 patients as SPV Type 2 and 4 patients as SPV Type 3 in
sacrificed group, and 17 patients as SPV Type 2 and 1 patient
as SPV Type 3.1

Larger study supporting the safety of sacrificing SPV
was conducted in microvascular decompression (MVD)
procedure for trigeminal neuralgia (TN). A study in 4400
patients underwent MVD procedure for TN showed that
SPV is safe to be sectioned without causing major morbidity
or mortality."® Another study with fewer case also reported
that sacrificing SPV causes only <0.5% of venous infarction
and not causing direct morbidity to the patient.”

Inthe oppositehand, several studies reported some devastating
effect due to sacrificing of SPV [Table 1].31013-15:19.21-232829 The
complication was reported occurred in up to 31% of the case.
Recent study on a substantial number of patients with petrous
apex meningiomas has revealed minor venous congestion
phenomena in 23% and major complications in almost 7% of

—

8
Qi

Figure 4: Type of SPV drainage into the SPS according to Tanriover et al.?” Type I drainage of the SPV into the SPS (a). Type II drainage (b).
Type III drainage (c). SPS: Superior petrosal sinus, SPV: Superior petrosal vein, V: Fifth cranial nerve, VII/VIII: Seventh and eight cranial

nerves.!
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Table 1: Study showing complication of sacrificing SPV and preserving SPV.

Author and Total  Sample’s Complication Imaging evaluation
year patients diagnosis
Xia 592 N No venous No edema, no
et al. (2020)> complication  hydrocephalus, and
no hemorrhage
Watanabe 43 Petrous Elevated ICP  Venous infarction of
etal. (2013)28 Apex cerebellum
Meningioma Cerebellar edema
Gharabaghi 55 Petrous Hearingloss ~ No edema, no
et al. (2006)" Apex hydrocephalus, and
Meningioma no hemorrhage
Koerbel 59 Petrous Elevated ICP  Ventriculomegaly
et al. (2009)114 Apex Cerebellar edema
Meningioma Venous infarction
Kaku 5 Petroclival Facial NA
et al. (2012)1 Meningioma numbness
Mizutani 28 Petroclival No venous NA
et al. (2016)1" Meningioma complication
Perrini 1 Petrous Elevated ICP  Obstructive
et al. (2017)122! Apex hydrocephalus
Meningioma Cerebellar venous
infarction
Ryu 132 TN Elevated ICP  Bleeding cerebellar
et al. (1999)! infarction
Liebelt 98 TN Elevated ICP  Cerebellar and
et al. (2017)1) Hemiparesis  brainstem infarction
Slurred with edema
speech
Facial palsy
Pathmanaban 224 N Elevated ICP  Sinus thrombosis
et al. (2017)21 Cerebellar
syndrome
Anichini 1 N Elevated ICP  Obstructive
et al. (2016)P Comma Hydrocephalus

Cerebellar Infarction

Study result

No venous complication was shown in SPV sacrificed
group

Venous complication was shown on 1.1% of patients in
SPV preserved group

SPV preservation showed no complication (n=24)
Sacrificing SPV cause major and minor morbidity in
31% of patients (n=14) (P<0.05)

Sacrificing SPV (n=27) and preserving SPV (n=26)
showed no significance different in causing
complication (P>0.05)

SPV preservation showed no complication (n=27)
Sacrificing SPV cause major and minor morbidity in
30% of patients (n=30) (P<0.05)

Minor complication occurred in 1 patient which SPV
was sacrificed and no complication was noted in 4 other
patients which SPV was preserved

No venous complication was observed in

sacrificed (n=7) and preserved (n=18) SPV group
Patient was unconscious after surgery with elevated
ICP, hydrocephalus, and cerebellar venous infarction.
Patient died 13 days after surgery

Only 1 patient had complication after SPV
sacrifice (0.01%), where overall mortality was 0.8%
SPV preservation resulting no complication

and all patients with SPV sacrifice have venous
complication (P<0.05)

Only 2.7% of patients had sinus thrombosis and no
venous infarction was identified in all patients who had
SPV sacrifice in surgery (n=184)

Complication occurred on second surgery when SPV
was sacrificed

SPV: Superior petrosal veins, ICP: Intracranial pressure, TN: Trigeminal neuralgia

cases after intraoperative obliteration of the SPV.?*! Another
study in petrous apex meningioma, the patient also showed
significance difference in complication resulted by sacrificing
SPV compared to preserving it with the complication rate
reach 30% of the cases.!'

In general, one out of several tributaries of the SPV or
tentorial veins was considered safe to occlude, although most
surgeon considered certain risks of infarction and edema
with any venous occlusion [Figure 5]. In contrast, mortality
was considered to exceed 10% with sacrifice of the specific
structure such as the SPV main trunk, one of the sigmoid
sinuses, and extensive tentorial bridging venous drainage.™

Sacrifice of veins rarely leads to complications (1.6%
on average, according to reports). Nevertheless, some

Surgical Neurology International « 2021 « 12(xx) | 4

may be severe and even life threatening and necessitate
emergency management.’! The complications reported
in the previous study include contralateral hearing loss,
transient postoperative cochlear nerve deficit, cerebellar and
brainstem edema, cerebellar venous infarction, peduncular
hallucinosis, cerebellar hemorrhage, brainstem hemorrhage,
and hydrocephalus, leading in some cases to coma and
death." Alaoui-Ismaili et al. findings supported the notion
that routine venous sacrifice for surgical access may carry
a risk of serious complications and death.” Some patients
died from unexpected major complications such as extensive
cerebellar swelling and hemorrhagic infarction.!"

Neurosurgeons commonly sacrifice SPV to widen the
operative exposure at the apex.!? It was proven that sacrifice
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Figure 5: The three main patterns of an SPVC. (a) An SPVC with single SPV, (b) an SPVC with 2 SPVs, (¢) an SPVC with 3 SPVs.
ALMyv: Anterior lateral marginal vein, PTv: Pontotrigeminal vein, SPS: Superior petrosal sinus, SPV: Superior petrosal vein, SPVC: Superior
petrosal vein complex, SPV1: First superior petrosal vein, SPV2: Second superior petrosal vein, SPV3: Third superior petrosal vein, TPv:
Transverse pontine vein, v.CPF: Vein of cerebellopontine fissure, v.MCP: Vein of the middle cerebellar peduncle, V: Trigeminal nerve, VII/

VIII: Seventh and eighth cranial nerves.™

of even only 1 branch of the SPV may induce venous
congestion, so the individual variations of the venous
system necessitate a careful tailored attitude.”? As was
the case with our patient, in the absence of adequate data
on SPV radiologically or intraoperatively in this patient,
sacrifice SPV in our patient resulted in fatal cerebellar
congestion.

Effort should be made to avoid the complication of sectioned
SPV. Although not always possible, radiological study of
venous anatomical variation through venography in each
patient could tell the surgeon whether it is safe or not to
sacrifice the SPV and its tributaries.* In general, what is
assessed on CTV in patients with CPA tumors is the patency
and extent of SPV visualization. In cases where the SPV
cannot be visualized by the CTV (SPV Type 4), the petrosal
vein only drains the vascularization from the tumor itself,
meaning that the vein may be safely sacrificed after the
devascularization of the tumor.!"”!

Another way of assessing the safety of SPV sacrifice can also
be done intraoperatively with temporary clamping of SPV.
Assessment can be made in plain view to assess the edema,
but a more objective report by monitoring the auditory
potential of the brain stem has been reported.?>*" In
addition, another study reported reports of collateral venous
drainage in transient vein clamping with indocyanine green
video angiography.!

Surgical technique with combined petrosal approach, SPV
preservation, and dural incision approach described in
previous report could be used to increase the probability to
preserve SPV." A good extension of arachnoid dissection
also could provide easier maneuvering and mobilization
to get good exposure to the operation target. In case which
SPV has to be sacrificed, the main trunk and its big tributary

should be avoided to prevent venous complication. The
diameter of the SPV which will be sacrificed should also be
considered since the previous study described that SPV with
diameter <2 mm was safe to be sacrificed.”

Similarly, the use of fully endoscopic and endoscope-assisted
microsurgery with and without angled optics may minimize
the extent of venous sacrifice required to obtain optimum
visualization. The risk of inadvertent injury to a preserved
SPV with resultant bleeding into the CPA seems unlikely to
be improved with this approach however and may be worse
due to loss of vision for structures superficial to the tip of
the endoscope. Furthermore, management of such bleeding
in the CPA may be problematic with an endoscope, where
a clear view of the field can be lost. Subsequently, although
the problem is often not discussed in the endoscopic
literature, some authors describe sacrifice of the SPV when
it is encountered to improve endoscopic exposure as with the
microscopic technique.?!

CONCLUSION

The surgeon must fully understand the essential anatomical
knowledge of the veins to assess surgical risk and assess
feasibility of venous sacrifice. The decision not to sacrifice
SPV should be made during CPA tumor resection or other
intracanal case surgery because of the potentially lethal
complication. According to this case, there are several
options that could be made, that is, preservation of the
veins, temporary vein clamping followed by intraoperative
evaluation, preoperative venography to consider the safety of
sacrificing SPV complex, and avoiding long and continuous
retraction of cerebellum.
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