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Abstract

Vestibular schwannoma (acoustic neuroma) is a benign tumor that develops from Schwann cells and can be life-threatening. Nowadays, surgical
treatment is the method of choice in the management of patients with this type of tumor.

We present a clinical case report of 71 y.o. patient with vestibular schwannoma (Koos grade IV, Samii grade 4B) with severe compression of the pons
and the left cerebellar hemisphere. Microsurgical removal of the tumor was performed via the retrosigmoid approach. Starting from postoperative
day 1, signs of respiratory distress developed. Control multislice spiral computed tomography (MSCT) of the brain revealed the area of hemorrhage
in the left regions of the pons. On postoperative day 24 the patient's condition rapidly worsened progressing to coma with pronounced arterial
hypotonia and cardiac arrest.

Hemorrhage in the brain stem structures is a rare and life-threatening postoperative complication in vestibular schwannoma surgery. The incidence
of postoperative hemorrhage is 2-11% of cases. Vascular complications are the leading cause of mortality. The key predisposing factors are older
age, large and giant size of the tumor, tumor invasion into the pia mater of the brainstem, and vascularization of the tumor stroma. Comprehensive
assessment of the tumor blood supply status, the state of the brainstem, intra- and postoperative clinical and neurophysiological monitoring, careful
and thorough dissection of the tumor capsule and strict control of blood pressure in the postoperative period are the basis for the prevention
of these complications.
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Introduction

Despite the great advances in the treatment of patients
with vestibular schwannomas (VS), this type of tumors re-
mains one of the most challenging in neurosurgery due to
the proximity of the brainstem, cranial nerves, and vessels
of the vertebrobasilar system [1-4]. While mortality asso-
ciated with small VS resections is close to zero, in large and
giant tumors it reaches 2.5-7.7% [5-8]. The vast majority
of hospital patients have large and giant VS [3, 9-11].

Many studies on complications of the VS resection are fo-
cused on cranial nerve dysfunction and CSF leak, while publi-
cations on vascular complications are scarce. However, many
authors consider hemorrhage and ischemia to be the leading
causes of postoperative mortality [1, 2, 5, 8, 9, 11-13].

There are various types of intracranial hemorrhage: tumor
bed hematoma, with or without rupture into the brain's
ventricular system, intracerebral hemorrhage in the cer-
ebellum or the brainstem with or without bleeding into
the ventricular system, subarachnoid hemorrhage, subdu-
ral and epidural hematoma [11]. Pontine hemorrhage is a
relatively rare condition.

Clinical case report

Patient M., 71 years old, was admitted to the neurosurgical
department of the Krasnoyarsk Regional Clinical Hospital
in February 2018 with complaints of moderate occipital
headache, unsteady gait, dizziness, left-sided deafness,
and facial asymmetry.

The patient has been experiencing a gradual decrease in
hearing in the left ear for 2 years. In 2018, the patient's
condition worsened: headache, unsteady gait, dizziness,
lacrimation from the left eye, and complete deafness in
the left ear developed. Magnetic resonance imaging (MRI
scan) of the brain revealed the following: a VS up to
4.6 cm on the left (Fig. 1); severe compression of the pons
and the left cerebellar hemisphere; compression and dis-
placement of the fourth cerebellar ventricle; and commu-
nicating triventricular hydrocephalus without periventric-
ular edema or girus flattening.

Comorbidities: stage 2 hypertension, grade 3. No coronary
heart disease or cardiac arrhythmias. The patient took no
anticoagulants or antiaggregants.

Karnofsky score 60 at hospital admission. Clear con-
sciousness. Spontaneous horizontal left-beating nystag-
mus with rotary component and upbeat nystagmus. No
corneal reflex on the left. Non-severe left-sided numb-
ness of the face and tongue. Left-sided facial nerve pal-
sy (House-Brackmann grade II-III) [14]. Left anacusia.
No decline in caudal cranial nerve function. Muscle
strength is normal (score of 5). Moderately active sym-
metrical tendon reflexes (D = S). Coordination tests:
left-sided dysmetria and intention tremor. Romberg
test is positive. Hypermetria, left-sided dysdiadochoki-
nesia.

Diagnosis: left VS with gross compression of the pons and
left cerebellar hemisphere (Koos 4, Samii 4B). Communi-
cating triventricular hydrocephalus.

Fifg. 1. Preoperative brain MRI of the patient revealed a left cerebellopontine angle tumor with intense inhomogeneous accumulation
of paramagnetic contrast agent. Lateral ventricles are dilated.
Preoperative coronal and axial contrast-enhanced T1-weighted MR images.
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Given the size of the tumor, severe compression of the
brainstem and the cerebellar hemisphere, progressing
symptoms of the cerebellum, the brainstem, and the cra-
nial nerve damage, surgical treatment was indicated.

Microsurgical removal of the VS was performed in the pa-
tient's sitting position using a standard left-sided retros-
igmoid approach with 1 burr hole craniotomy. The bone
flap was additionally resected with burr to expose the me-
dial parts of the transverse-sigmoid sinus junction, and
the borders of the sigmoid sinus. The dura mater (DM)
was tense, did not transmit pulsation, and was dissect-
ed with an arcuate incision. Left cerebellar hemisphere
was edematous. After cerebrospinal fluid (CSF) evacua-
tion from the large occipital cistern, the tension in the
cerebellar hemisphere decreased. The access to the left
cerebellopontine angle was performed after a slight re-
traction of the cerebellar hemisphere, where the tumor
rising from the internal auditory canal (IAC) and clearly
separated from the cerebellar tissue was detected and vi-
sualized. The tumor capsule was opened. The tumor stro-
ma looked yellow, friable, moderately vascularized, and
difficult to vacuum aspirate. Internal decompression of the
tumor and removal of its stroma up to the capsule was
performed with microsurgical instruments and vacuum as-
pirator under microscope control. The capsule was bluntly
and sharply separated from the caudal cranial nerves and
the posterior inferior cerebellar artery. The next step was
to separate the tumor capsule from the vein of Dandy and
the trigeminal nerve. The DM covering the petrous part
of the temporal bone adjacent to [AC was coagulated and
dissected. The bony plate of IAC was resected up to 5 mm
wide peripherally using a microbore. The tumor capsule
was separated from the facial nerve in the [AC area using
microsurgical instruments. Next, the tumor capsule was
sharply dissected from the facial nerve and the anterior

Postoperative hemorrhages in vestibular schwannoma surgery

inferior cerebellar artery, up to the cerebellopontine angle.
The biggest challenge was to separate the tumor capsule
from the distal parts of the facial nerve and the pons. The
anatomical vestibulocochlear nerve integrity could not be
preserved. During dissection of the tumor capsule from
the pons, the patient had episodes of arterial hyperten-
sion without cardiac arrhythmias clearly related to surgi-
cal manipulations (type 1 centrogenic reactions, systemic
hemodynamic responses) and required a brief interruption
of the surgery until the BP stabilized. Surgicel® Fibrillar™
hemostatic agent was used to achieve hemostasis. The DM
was sutured tightly and additionally sealed by the Tachoc-
omb plates. The bone flap was replaced and secured to the
skull with two CranioFix®2 fixation systems. The soft tis-
sues were sutured layer by layer. No cardiac arrhythmias
were observed during surgery.

After waking up from sedation, the patient regained clear
consciousness. However, it was not possible to wean him
from the mechanical ventilation due to rapid exhaustion
and blood gas disturbance during independent breathing,
so respiratory support in SIMV mode was provided. Sys-
tolic BP was fairly stable ranged from 140 to 160 mm Hg
with an increase during independent breathing. Facial pal-
sy progressed up to House-Brackmann grade V-VI [14],
left-side facial numbness and fine horizontal left-beating
nystagmus developed. There were no motor symptoms or
any damage to other cranial nerves. Control MSCT (Fig.
2) revealed an area of hemorrhage up to 1.5-2.0 ml in the
left regions of the pons. There was no hemorrhage in the
tumor bed. The ventricular system was moderately dilat-
ed, but, compared to preoperative levels, no increase in
volume was observed.

Over the next few days, the patient varied from being
clearly conscious to mild obtundation. Respiratory sup-

Fig. 2. Contrast-enhanced head MSCT on postoperative day 1. No contrast-enhancing areas observed. Hemorrhage site is detected in the

left regions of the pons.
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Fig. 3. Head MSCT on postoperative day 5.

port in SIMV mode was continued. Repeated attempts
to wean the patient from the MV failed due to the rapid
increase in respiratory failure. There were episodes of
BP increasing up to 150 mm Hg. No cardiac arrhythmias
were observed. Based on MSCT data (Fig. 3), neither pro-
gression of hydrocephalus, nor increase of hemorrhage
area in the pons region, nor brainstem involvement were
detected.

A tracheostomy tube was placed on postoperative day 5.
From postoperative day 14, periods of psychomotor agi-
tation and episodes of atrial fibrillation were noted. The
patient was placed on fully controlled mechanical venti-
lation. From day 20, febrile hyperthermia and neutrophilic
leukocytosis developed, and bilateral pneumonia was diag-
nosed. Based on the results of sputum cultures, antibacte-
rial therapy was prescribed. On postoperative day 24, the
patient's condition acutely worsened with development of
coma accompanied by arterial hypotension and cardiac
arrest. Resuscitation was unsuccessful.

Post-mortem examination stated that the patient died
from cerebral edema with cerebellar tonsillar herniatio
in the foramen magnum and brainstem dislocation.

Discussion

Prevalence of complications

There are controversial data in the literature regarding the
incidence of postoperative hemorrhages after VS removal.
A number of studies report only on isolated clinical cases
with this type of complications [15-18]. V.N. Shimansky et
al. (the authors of clinical guidelines on VS surgical treat-
ment) indicate a 2% complication rate after VS removal.[1]

Other authors estimate VS surgery hemorrhage incidence
at 2.4-5.0% [2, 8, 13, 19-24]. ]. Betka et al. reported that

tumor bed hematoma was the most common complica-
tion and required reoperation (2.4%), while cerebellar
hemorrhages (1.2%) and epidural hematoma (1%) were less
common.[2]

M. Samii et al. based on their extensive experience in
VS surgery reported hemorrhagic complications in 2.2%
of 962 operated patients, which required reoperation in
15 (1.5%) cases [25]. In another article, the same authors
noted that tumor bed and cerebellar hemisphere hemor-
rhages did not require reoperation in 8% of cases after gi-
ant VS removal and only in 1.2% of cases after small-sized
tumor removal [26].

One of the most recent studies on VS surgery was pub-
lished by X. Guo et al. [4]. In a series of 452 tumors resec-
ted via the retrosigmoid approach, the authors registered
8.2% of hemorrhages, and 3.1% of them required reopera-
tion. In most cases, hematoma was localized in the tumor
bed. One of the patients died, and the other went into a
prolonged coma.

The largest number of postoperative hemorrhages is re-
ported by R. Philip et al.,, ES. Kazim et al. These authors
registered hematomas in 11.0-11.5% of patients after re-
section of VS > 4 cm [7, 27].

In general, hemorrhages after resection of intracranial tu-
mors are associated with high mortality. T. Kageji et al.
reported that in 2.09% of patients, who underwent intra-
cranial tumor resection, 30-day mortality was 12.5% [28].
In the study conducted by S. Wang et al., postoperative
hemorrhages requiring reoperation were registered in 1.8%
of cases with 20% mortality [29].

The data on the hemorrhages developing after VS removal
and requiring reoperation also differ. In a series of tumor
resections performed by I. Yamakami et al., there were no
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cases requiring reoperation [20]. B. Sade et al., on the con-
trary, noted that these complications required reoperation
in at least 50% of cases [24].

Noteworthy, S. Rahimpour et al. believe that the incidence
of postoperative complications in VS surgery has recently
increased. The authors explain it by a decrease in surgical
experience due to the wide introduction of radiosurgical
methods of treatment, by the growing number of tumors
requiring resection, and by a certain percentage of irradi-
ated VS, as their dissection during surgery is quite chal-
lenging [30].

Causes and risk factors

The literature describes the following preoperative risk
factors for hemorrhage complications after removal of in-
tracranial tumors, including VS: age over 65 years, high
international normalized ratio (INR), factor XIII deficiency,
ischemic heart disease, atrial fibrillation and anticoagulant
use, tumor > 4 cm, peritumoral edema, cystic VS and VS
without capsule [4, 22].

Older age as a risk factor for postoperative hemorrhage is
determined by a number of subfactors: higher incidence of
arterial hypertension, age-related brain atrophy, frequent
intake of anticoagulants and antiaggregants due to multi-
ple comorbidities.

According to S. Wang et al., the age of patients and large
tumor size are statistically significantly associated with the
development of postoperative intracerebral hemorrhages
[29]. The authors explain this by a large surgical area of
exposure, retraction injuries and a significant decrease in
intracranial pressure after the tumor resection.

R. Gerlach et al. analyzed such complications after neuro-
surgical interventions [31]. They found factor XIII deficien-
cy (a fibrin-stabilizing factor involved in a dense clot for-
mation and influencing platelet adhesion and aggregation)
in 40% of patients. The authors proved that this condition
is statistically significantly associated with the develop-
ment of hemorrhage.

Of the preoperative risk factors in our patient, age over
65 years and a giant tumor were identified. There were
neither coagulation disorders nor significant arterial hy-
pertension.

M. Samii et al. emphasize that peritumoral edema in pa-
tients with VS indicates tumor hypervascularity and a ten-
dency to form tumor bed hemorrhage in the postoperative
period [32]. According to preoperative MRI findings, our
patient had no peritumoral edema. However, MSCT data
(Fig. 4) indicated hypodense changes in the region of the
pons and in the adjacent regions of the cerebellum.

Postoperative hemorrhages in vestibular schwannoma surgery

Fig. 4. Preoperative axial contrast-enhanced head MSCT scan with
a peritumoral hypodensity area.

VE. Kocharyan et al. performed a systematic review and
detailed analysis of intraoperative causes of hemorrhag-
ic complications in VS surgery [11]. According to the au-
thors, the main surgical causes of cerebellopontine angle
hematomas are the ineffective hemostasis in the branches
of the anterior inferior cerebellar artery, rupture of the
veins of the cisterna pontis lateralis and middle cerebel-
lar peduncle (brachium pontis), as well as damage to the
superior jugular bulb during drilling the IAC. The leading
causes of cerebellar hemorrhages and subdural hemato-
mas are the bleeding surface of the tumor bed and the
cerebellar tissue during its lateral resection, and cerebral
venous infarction with secondary hemorrhagic transfor-
mation. Epidural hematomas are caused by bleeding from
muscular branches of the posterior auricular and occipital
arteries with secondary spread into the epidural space, or
by damage to walls of sinuses or mastoid emissary veins.
The authors consider the tumor bed hematoma to be the
most frequent hemorrhagic complication with the worst
prognosis [11].

According to H. Mahboudi et al., the incidence of iatro-
genic large vessel injuries in posterior cranial fossa sur-
gery is 0.8% [6]. ]. Betka et al. believe that damage to
the cerebellar arteries is unlikely due to their large size,
so they can be easier identified during surgery, unlike
smaller vessels [2].

A number of studies indicate a higher risk of hemorrhage
in case of incomplete tumor removal. J. Bartek et al. found
a clear correlation between subtotal resection of the VS
and the development of postoperative hematoma [22].
M.M. Tastanbekov et al. also consider incomplete tumor
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removal and cerebellar hemisphere resection to be the risk
factors for complication development [13].

K. Mattok et al. associate hemorrhagic complications with
coagulopathy caused by excess thromboplastin due to tu-
mor destruction during its removal, and ischemia that may
develop in the lateral parts of the pons. The authors con-
sider the giant size of the tumor to be a risk factor for the
development of intraoperative coagulopathy [33].

According to G.I. Moisak et al., the risk factors for the
development of circulatory disorders in the brainstem are
the brainstem pronounced displacement based on preope-
rative MRI data, rapidly progressing neurological symp-
toms, signs of decompensation during hospital admission,
and hypertension syndrome [9].

Noteworthy, A. Harders et al. suggest that intracerebral ar-
terial blood flow causing cerebral ischemia becomes lower
in a sitting position. When the patient is repositioned after
surgery, there is hyperperfusion of brain tissue that may
cause intracerebral hemorrhages in the ischemic area [34].

The theory of centrogenic reactions (CR; ie., systemic he-
modynamic responses) developed by AN. Kondratyev [35]
is important for understanding the development of vascular
disorders in the brainstem. The author believes that CR are
caused by a direct multifactorial impact on cerebral struc-
tures during the removal of an intracranial tumor. The dam-
aging effect of CR is produced by disturbances of cerebral
blood flow autoregulation leading to inadequate compen-
sation of central hemodynamic fluctuations. Thus, arterial
hypertension resulting from CR may be accompanied by
an increase in blood flow into the brain parts without au-
toregulation, followed by the edema development and the
risk of hemorrhage in these areas. During surgery, type 1 CR
is characterized by fluctuations in BP, heart rate and heart
rhythm, and type 2 is defined by a steady, gradual increase in
BP, multidirectional changes in heart rate and heart rhythm.

M. Zetterling et al. assume that major intraoperative blood
loss is also significantly associated with the development
of hemorrhagic complications [36]. However, in the study
by T. Kageji et al. no such correlation was found [28].

In our clinical case, the tumor was radically removed, cere-
bellar hemisphere was not resected, and no intraoperative
blood loss was observed.

A. Basali et al. consider intra- and postoperative arterial
hypertension up to 160-90 mm Hg and higher to be an
important risk factor for the development of postoperative
hemorrhage in neurosurgery. They report on BP elevation
within 12 h after the intervention in 62% of patients with
these complications [37]. Similar data are presented by
K. Lillemae et al. hemorrhages requiring reoperation

developed in 84.6% of patients with BP > 160 mm Hg epi-
sodes in the early postoperative period [38].

In our patient, episodes of arterial hypertension up to
160 mm Hg were observed on postoperative day 1, which,
apparently, caused the development of a rare local hemor-
rhage in the pons.

Timing of complications

There are different views regarding the timing of these
complications. Some researchers observed hemorrhages
during urgent MSCT due to patients' condition worsening,
the others detected them during routine MSCT/MRI on
the next day after surgery.

Most often hemorrhages manifest on postoperative day 1
[19]. A. Basali et al. analyzed the results of 11 214 cranioto-
mies. On average, postoperative intracranial hemorrhages
developed 21 h after surgery [37].

S.E. Heman-Ackah et al. report that hemorrhages can be
observed not only in the early postoperative period, but
also on postoperative days 10-14 [39].

Data obtained by M. Zetterling et al. indicate that 80%
of hemorrhage complications develop on day 1 after tu-
mor removal, and > 50% of them develop within the first
6 hours. The authors note that hematomas developed on
day 1 were more life-threatening than those developed
later [36].

VE. Kocharyan et al. presented 3 interesting clinical case
reports of the hematomas developed in the cerebellopon-
tine angle with clinical manifestation 16-28 h after VS
removal [11].

Clinical presentation

In the postoperative period, clinical manifestations of vas-
cular complications may vary from mild neurological dis-
orders to symptoms of dislocation and herniation of the
brain structures.

Small hemorrhages in the cerebellar hemisphere manifest
only by ataxia symptoms [20]. Larger ischemia and hem-
orrhage areas may often cause deterioration of conscious-
ness of varying severity, arterial hypertension, bradycar-
dia, pupil dilation, and hemiparesis [2].

M. Sanna et al. emphasize the key role of progressive dete-
rioration of consciousness in the diagnosis of hemorrhagic
complications [17].

In our clinical case report, hemorrhage developed on post-
operative day 1 and manifested with respiratory distress.
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Intraoperative diagnosis

According to intraoperative analysis of brainstem auditory
evoked potentials (BAEP), type 1 CR is manifested by longer
interpeak intervals I-IIl and IlI-V and altered amplitude of
Il and V peaks on the side of the removed tumor. Data pre-
sented by M.M. Tastanbekov et al. demonstrate that these
reactions develop more often when the tumor capsule is
separated from the pons Varolii, trigeminal nerve, and cau-
dal cranial nerves. These authors emphasize that peak am-
plitude and duration of interpeak intervals typically return
to normal after brief interruption of the surgery [13].

Type 2 CR is associated with an increased and/or decreased
peak IIl and V height, especially on the side of the removed
tumor, and with bilateral prolongation of interpeak intervals
-V and I-V. It was found that with type 2 CR, the BAEP
parameters significantly outpaced the systemic hemody-
namic changes by 10 min on average [13].

Patient management strategies

The choice of appropriate management for patients with
these complications depends on the type, localization and
size of hemorrhage, the patient's consciousness level and
neurological disorders. The management can be both con-
servative (infusions of mannitol, diuretics, correction of
coagulation disorders) and surgical.

The type of reoperation varies from hemorrhage remov-
al to decompressive trepanation and external ventricular
drainage [4, 11].

J. Betka et al. note that if the patient with postoperative
hemorrhage develops hypertension, its immediate removal
is indicated [2]. M. Sanna et al. believe that after removal
of VS, the patient should be brought out of sedation as
quickly as possible and extubated to assess the neurolo-
gical status [17], The authors believe that in case of pro-
gressive worsening of the patient's condition, revision of
the postoperative wound with hematoma removal, decom-
pression and ventricular drainage should be performed
in the ICU prior to MSCT scanning [17].

Taking into account the small volume of hemorrhage, its
localization in the region of the pons, and no progression
of hydrocephalus, we did not perform any active surgical
actions in our case.

Intra- and postoperative prophylaxis
The postoperative hemorrhage prevention measures in-

clude thorough hemostasis with modern local hemostatics
and BP control during the wound closure [1].

Postoperative hemorrhages in vestibular schwannoma surgery

M. Samii et al. emphasizes the importance of meticulous
arachnoid dissection when removing the VS and preser-
ving all the vessels located on its capsule [25].

G. lacob et al. use no coagulation when separating tumor
fragments tightly adhered to the pons [40].

There is still more attention in the literature to the
physiological feasibility of surgical interventions, which
generally determines acceptable extent of the tumor re-
section. It is emphasized that changes in clinical and
BAEP parameters allow early diagnosis of the brainstem
involvement and enable the surgeon to respond to the
threatening situation in a timely manner. The develop-
ment of type 2 or type 1 CR transiting to type 2 CR
during surgery is a poor prognostic risk factor and jus-
tifies brief interruption and sometimes even termination
of surgery [9, 13, 35].

In case of large and giant VS, two-stage tumor removal
can be considered [41, 42].

VEE. Kocharyan et al. recommend continuous 24-48 h
postoperative neurological monitoring after tumor re-
moval [11].

VN. Shimansky et al. emphasize the importance of de-
tection and timely correction of arterial hypertension in
the postoperative period as significant intracranial hemor-
rhage preventive measures [1].

Thus, postoperative hemorrhage complications in VS
surgery are rare but dangerous, being the leading cause
of unfavorable treatment outcomes. The key predispos-
ing factors are older age, large and giant size of the
tumor, tumor invasion into the pia mater of the brain-
stem, and vascularization of the tumor stroma. Compre-
hensive assessment of tumor blood supply and the state
of the brainstem, intra- and postoperative clinical and
neurophysiological monitoring, careful and thorough
dissection of tumor capsule and strict BP control in
the postoperative period are the basic preventive mea-
sures for these complications. Progressive deterioration
of consciousness in patients with postoperative hem-
orrhage may require decompressive trepanation of the
posterior fossa, hematoma evacuation, and ventricular
drainage.

The presented clinical case report demonstrates that hem-
orrhage into the brainstem can be caused by minor arte-
rial hypertension in the early postoperative period and
even with a small hemorrhage volume can lead to fatal
outcomes.
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