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Abstract

Background: Presenting symptoms, treatment considerations, and outcome are
strongly related to the extension of vestibular schwannomas (VS). The aim of
the current retrospective study was to analyze the clinical features, microsurgical
treatment, and outcome of VS with brainstem compression.

Methods: Forty-nine patients presented with VS (Hannover grading scale
T4a or T4b) in our department. A subgroup analysis was performed among
patients without (T4a) and with (T4b) compression and dislocation of the
fourth ventricle.

Results: Patients with type T4b VS presented significantly more often with long
tract signs/ataxia (P < 0.05), tonsillar herniation (P < 0.001), and preoperative
hydrocephalus (P < 0.01). No significant difference was found between the
groups regarding hearing loss and facial nerve, trigeminal nerve, and lower
cranial nerve function. Gross total resection was achieved in 83% of the cases,
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Six patients (12%) required permanent ventriculoperitoneal shunting. Hearing
was preserved in two patients. Forty-six patients (94%) were independent without
occasional assistance (Karnofsky scale 70—100%).

Conclusions: VS with brainstem compression is frequently associated with
hydrocephalus, ataxia, long tract signs, multiple cranial nerve disorders, and
occasionally, signs of intracranial hypertension. Primary microsurgical resection
is an appropriate management option for large VS.
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INTRODUCTION
Vestibular  schwannoma (VS), the most common
tumor of the cerebellopontine angle (CPA), is a

benign, slow-growing neoplasm. Presenting symptoms,
treatment considerations, and outcome are strongly
related to the size and extension of VS. Microsurgical
treatment of large VS presents unique challenges.
However, advances in  microsurgical  techniques,
neuroanesthesia, and intensive care coupled with
intraoperative neurophysiological monitoring, have led
to remarkable improvements in clinical outcome.l”’ The
goals of treatment include complete tumor resection
with preservation of hearing and facial nerve function
and avoidance of severe perioperative complications.
The purpose of the present study is to analyze clinical
features, microsurgical treatment, and outcomes of VS
with brainstem compression (grade [Va/b, according
to the Hannover grading scale) [Table 1].°) Subgroup
analysis was performed regarding patients with (T4b)
and without (T4a) radiological signs of fourth ventricle
compression or shift [Figures 1-3].

PATIENTS AND METHODS

Patients

Three hundred and forty patients with VS were treated in our
institution between January 2004 and November 2015. Of
these patients, 49 (22 women, 27 men) displayed brainstem
compression on magnetic resonance imaging (MRI) and
were included in the study. The mean age at presentation
was 53 years (range: 18-77 years). Patients’ files and images
were reviewed retrospectively. Follow-up data were collected

Figure 1:T I-enhanced MRI showing a vestibular schwannoma tumor
extension grade 4a (maximal diameter 31 mm) in a 53-year-old
man presenting with hearing loss and facial nerve palsy HB grade Il

throughout follow-up. The last mean follow-up time was
56 months (range: 4-202 months).

Clinical evaluation

All  patients  underwent  complete  perioperative
neurological evaluation. Functional outcomes at final
follow-up were assessed by a phone survey using the
Karnofsky performance scale. Facial nerve function was
assessed before and after surgery and at cach follow-up
using the House—Brackmann scale and categorized as
good (HB I-11), fair (HB III-1V), and poor (HB V and VI).
Pure tone audiograms were performed prior to surgery
to assess the option of hearing preservation, as well as
postoperatively in patients with serviceable hearing.
Dysphagia and vocal cord function were evaluated to
assess lower cranial nerve Involvement. Evaluation of
trigeminal nerve included motor and sensory function.
Motor examination, including strength of all extremities,
coordination, and gait, were examined routinely to assess
brainstem and cerebellar affection. In addition, level of
consciousness, orientation, memory, and other signs of
clevated intracranial pressure (ICP) were evaluated. In

Table 1: Hannover tumor extension grading scale for VS
Grade

T Purely intracanalicular

T2 Intrameatal or extrameatal

T3a Filling the cerebellopontine cistern
T3b Reaching the brainstem

T4a Compression of the brainstem

T4b Compression of the brainstem with

dislocation of the fourth ventricle

Figure 2:T I-enhanced MRI showing a vestibular schwannoma tumor
extension grade 4a (maximal diameter 28 mm) in a 54-year-old
man presenting with hearing loss and headache
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selected cases (visual impairment, diplopia, nystagmus),
ophthalmological examination was performed before and
after surgery. Vestibular function was assessed by Frenzel
glasses, testing of nystagmus during different manoeuvers,
and video-nystagmography with caloric testing.

Radiologic evaluation

High-resolution bone computed
tomography (CT) studies, essential for visualizing the
anatomy of the posterior semicircular canal and its
vicinity to the posterior wall of the internal auditory
canal and a high jugular bulb, were obtained before
surgery. In addition, MRI was performed among all
patients to assess tumor extension and maximal
extrameatal diameter. The size of the tumor was
determined based on linear planimetric measurements,
and only the largest extrameatal diameter was used.
1-2 weighted MR-imaging studies were used to assess
hydrocephalus and tumor consistency (solid or cystic).
Follow-up MRI was performed in all patients 3 months
after the surgery to exclude residual tumor, and then
every year to exclude recurrence. Residual contrast
enhancement along facial nerve or brainstem with a
diameter exceeding 5 mm were indicative of subtotal
resection (STR), whereas residual contrast-enhanced
tissue measuring less than 5 mm was assumed to
represent near-total resection (NTR). However, in the
latter case, differentiation between residual tumor and
scar tissue remains difficult.

window

Statistical analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS) version 19 (SPSS, Inc.,
Chicago, IL). Categorical variables were compared using
Fisher’s exact two-tailed test and Pearson’s ) test.
Continuous variables were compared between groups
with the Mann—-Whitney U test.

Figure 3:T |-enhanced MRI showing a vestibular schwannoma tumor
extension grade 4b (maximal diameter 33 mm) in a 27-year-old
woman presenting with hearing loss, facial nerve palsy HB gradel
gait ataxia and mild hemiparesis
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RESULTS

Clinical and radiological presentation

Prior to surgery, severe hypacusis was demonstrated in
26 patients (53%) whereas complete hearing loss had
occurred in 17 patients (35%). Only 6 patients (11%)
had only moderate hearing impairment (pure tone
audiogram <30 db). Interestingly, complete hearing loss
had occurred in 6 patients more than 5 years before the
initial diagnosis of VS was made. Thirteen patients (27%)
had trigeminal nerve involvement, and 2 of these patients
had symptoms resembling trigeminal ncuralgia. Six
patients (12%) had facial nerve dysfunction, including
moderate palsy (IIB Grade II-III) in 4 patients and
hemifacial spasm in 2 individuals. Abducens nerve palsy
was present in 2 patients (4%). Gait ataxia and long
tract signs were observed in 22 patients (45%), and acute
hemiparesis was observed in 2 patients (4%).

Signs of intracranial hypertension (severe headache, loss
of orientation, nausea, vomiting, and/or papilledema)
were present in 9 patients (18%). Mean tumor size
was 30 mm (range: 18-55 mm). Radiological signs of
hydrocephalus were observed in 16 patients (33%),
whereas 10 patients (20%) had signs of tonsillar
herniation. Both of these signs were closely associated
with type T4b VS (P > 0.01). Cystic changes were more
common in type 4b tumors than type 4a tumors, though
the difference did not reach statistical significance

[Table 2].

Operative procedure and postoperative course
Surgery was performed through a retrosigmoid
craniotomy, with the patient positioned in the park
bench position. Intraoperative monitoring of facial nerve
function was used in all cases. We performed standard

Table 2: Patient characteristics at presentation

Type 4a Type 4b P
Patients 22 21
Sex
Women 12 (54%) 10 (37%) ns
Men 10 (46%) 17 (63%)
Age (years) 56 51 ns
Clinical presentation
Hypacusis 11 (50%) 14 (52%) ns
Hearing loss 8 (36%) 10 (37%) ns
Trigeminal nerve affection 4 (18%) 9 (33%) ns
Facial nerve palsy 1(5%) 5(19%) ns
Ataxia/long tract signs 6 (27%) 16 (59%) <0.05
Radiological presentation
Size (mm) 21 36 <0.001
Cystic tumor 4 (18%) 10 (37%) ns
Tonsillar herniation 0 10 (37%) <0.001
Hydrocephalus 3*(14%)  13** (48%) <0.001

*Communicating hydrocephalus; **Occlusive hydrocephalus
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monitoring techniques such as free-running facial nerve
electromyography (EMG), direct electrical stimulation
EMG, and in recent vyears, facial motor evoked
potential (FMEP). In case of servicable hearing, we
additionally performed intraoperative brainstem auditory
evoked potential (BAEP) monitoring.

Mean operation time was 6.5 hours (range: 2.5-12 hours).
Gross total resection was achieved in 41 patients (84%),
near-total resection was achieved in 7 patients (14%), and
subtotal resection was performed in 1 patient in whom
the tumor had infiltrated the arachnoid of the brainstem;
staged resection was performed in another patient. Eight
patients required a perioperative ventricular drain due to
acute occlusive hydrocephalus. Severe complications were
observed in 3 patients (6%). Subarachnoid hemorrhage
occurred in a 68-ycar-old woman. A ventricular drain
was inserted and the patient went on to full recovery.
In a 47-year-old man, a ventricular drain caused a
right frontal lobe hematoma with cerebral herniation
prompting immediate surgical revision. A 50-year-old
woman died from severe postoperative posterior fossa
hematoma caused by a severe platelet disorder, which was
not diagnosed before surgery. Subsequently, a bleeding
time test (lvy method) was included in our routine
preoperative  workup.  Twenty-seven patients  (63%)
displayed temporary worsening of facial nerve function
after surgery. In 14 patients, a combined upper eye
lid loading and lower lid canthopexy were performed
to provide symptomatic relief from corneal exposure
with a reasonable cosmetic appearance. At latest
follow-up, no patient had poor facial nerve outcome
(HB V-VI), 43 patients (69%) had favorable facial nerve
function (HB I-II), and 19 patients (31%) had fair
facial nerve function (IIB II-1V) [Table 3]. Ilearing
preservation was achieved in 2 of the patients, with a
pure tone average <50 dB. Preoperative trigeminal nerve
dysfunction improved in all affected patients. Six out of
the 16 patients who presented with hydrocephalus upon

Table 3: Functional long-term outcome

Type da  Type 4b P

Facial nerve function ns

HB Grade | 6 (27%) 4 (15%)

HB Grade Il 8 (36%) 11 (41%)

HB Grade IlI 7(32%) 7 (26%)

HB Grade IV 1 (5%) 4 (15%)

HB Grade V & VI 0 0
Shunt dependent hydrocephalus 0 6 (22%) <0.01
Resection

Gross-total resection 18 (82%) 22 (81%) ns

Near-total resection 4 (18%) 4 (15%) ns

Subtotal resection 0 1 (4%) ns

Tumor recurrence 0 1 (4%) ns

HB: House-Brackmann scale
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admission required permanent ventriculoperitoneal CSF
diversion. One patient experienced  dysarthrophonia
caused by lower cranial nerve impairment.

Long-term outcome

Patients were followed clinically for a mean of
54 months (range: 4-124 months). No patient was lost
or died during follow-up. Tumor regrowth occurred in
the patient who had undergone subtotal resection. He
was referred to stercotactic radiation therapy. Overall
recovery assessment based on the Karnofsky performance
scale (KPS) during long-term follow-up yielded a KPS
scores of 90% in 1§ patients, 80% in 20 patients, and 70%
in 7 patients [Table 3]. A 40-year-old woman had a 60%
overall recovery based on KPS 120 months after surgery
because of major depression, potentially associated with
the underlying disease state. A 74-year-old man, who
was referred to our hospital with initial hemiparesis,
hydrocephalus and severe ataxia, had a 50% overall
recovery and requires considerable assistance. The
47-year-old man who has developed intracerebral
hematoma experienced ventilation-associated pneumonia
and meningitis; four years after rehabilitation, he is still
disabled and needs special care and assistance.

DISCUSSION

The management of large VS is challenging. Patients
usually present with multiple cranial nerve deficits
and signs of brainstem compression or intracranial
hypertension. Our study indicates that even in VS with
brainstem compression, complete tumor removal with
favorable outcome is feasible. P#1217.2731.

Clinical considerations

VS is commonly classified according to the maximum
extrameatal ~ tumor  diameter?  However,  the
diameter as a singular parameter does not account
for tumor-related mass effect against cerebellum and
brainstem [Figures 1-3]. In general, there is a large degree
of individual variability in osscous posterior fossa anatomy,
size of the cerebellopontine cistern, and presence of
cerebellar atrophy.”” In addition, the direction of tumor
growth needs to be taken into account. The extension of
the tumor in the CPA and the severity of brainstem and/or
fourth ventricle compression may be more relevant than
tumor diameter. Unlike the Koos grading system,”? the
Hannover grading scale distinguishes between brainstem
and fourth ventricle compression.

VS is diagnosed more frequently and in earlier stages
nowadays due to increased utilization of cranial MRI
for a variety of indications. However, in many countries,
large and giant VS are still frequently encountered at
initial diagnosis because of a less developed healthcare
system or other reasons."” In our case series, hearing
loss occurred in 6 patients at least 5 years before cranial
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imaging was performed. In a 13-year-old girl, hearing
loss did not result in adequate imaging. She had
suffered from headaches for many years and was treated
conservatively. She was finally referred to our institution
at the age of 29 with severe headaches, papilledema, and
rapidly deteriorating consciousness. MRI revealed a giant
VS [Figure 4a-d]. Despite increased symptom awareness
among the general population along with a raised
suspicion of VS among otorhinolaryngologists, inadequate
screening and delayed referral remain a major problem
even in developed countries. Hearing loss and tinnitus are
the most frequent presenting symptoms in VS. However,
patients with large or giant VS additionally suffer from
other symptoms: The trigeminal nerve is atfected in
40-80% of patients and the facial nerve is affected in
10-20% of patients.[?2>3%4%41 Fyurther, impaired vestibular
function and cerebellar and brainstem compression
lead to gait instability and long tract signs in 30-50%
of patients.”>**# Clinical symptoms of intracranial
hypertension include papilledema and abducens nerve
palsy. Communicating hydrocephalus is common in VS
and is caused by the sloughing of protein from the tumor
secondary to increased vascular endothelial permeability,
the development of meningeal adhesions, arachnoiditis,
or seeding of tumor cells.!">!*?731 However, only 6% of our
patients presented with communicating hydrocephalus,
whereas obstructive hydrocephalus due to fourth ventricle
compression was present in 26% of the patients. The
incidence of cystic regression in VS varies between 11%
and 50%. In accordance with other studies of large VS,

Figure 4: (a-d) T I-enhanced MRI demonstrating a 55 x 42 x 44 mm
vestibular schwannoma and consecutive obstructive hydrocephalus
in a 27-year-old woman presenting with headache, drowsiness, gait
ataxia, and visual obscuration due to papilledema

http://www.surgicalneurologyint.com/content/8/ 1 /45

the incidence of cystic changes in our patient cohort was
18% in type 4a and 37% in type 4b.[324%1 Cystic VS
are associated with shorter symptomatic periods before
presentation and an unpredictable growth velocity. The
presence of a cyst may be associated with rapid expansion
of the lesion, brainstem compression, and hydrocephalus
associated with neurologic symptoms.!'*20:424]

Treatment

Treatment options for VS generally include observation,
microsurgical resection, and radiosurgery. A wait-and-scan
policy is generally not recommended for large VS
with brainstem compression because of potentially
life-threatening complications caused by further tumor
growth. Radiosurgery does not induce immediate relief
from tumor mass effect from large VS, and tumor
volume may increase as a result of radiation-induced
swelling.””? Van de Langenberg et al. treated 33 patients
with large VS by radiosurgery. During a median follow-up
of 30 months, 15% of the patients required additional
microsurgical treatment. Indications for surgery included
tumor swelling with consecutive  shunt-dependent
hydrocephalus, papilledema, ataxia, and worsening of
facial nerve function.™ Therefore, in patients with
large VS with brainstem compression and neurological
deterioration, surgical removal with decompression of the
brainstem and alleviation of the intracranial hypertension
is the primary treatment of choice.* The three main
surgical routes for VS removal are the retrosigmoid,
translabyrinthine, and middle fossa approaches.>”! The
middle fossa approach offers a very restricted access to
the CPA, and is therefore inappropriate for large VS.®
The translabyrinthine and retrosigmoid approaches
allow removal of VS of almost any size.”! Each approach
has advantages and disadvantages. The benefits of the
translabyrinthine approach are a short distance to the
tumor and avoidance of cerebellar retraction with carly
identification of the facial nerve. The disadvantages of
the translabyrinthine approach include inevitable hearing
loss and, in cases of large VS, restricted access to the
trigeminal nerve, caudal cranial nerves, and anterior
aspect of the CPA." The transapical extension of the
enlarged translabyrinthine approach allows enhanced
surgical control of the tumor as well as the anterior
aspect of the CPA, including the prepontine cistern and
trigeminal nerves. However, the surgical access trajectory
is oriented at 90° to the arachnoidal cleavage plane
between tumor and brainstem.P! High tumor control
rates and favorable outcomes via the translabyrinthine
approach and its modifications have been published in the
past.P1L1724304555 The retrosigmoid approach is the most
popular approach among neurosurgeons.!!:16253235-40:46.501]
It is fast, straightforward, and offers excellent
visualization of the CPA [Figure 5], trigeminal nerve,
lower cranial nerves, and majority of the posterior fossa
arteries including the upper part of the vertebral artery,
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Figure 5:(a-d) Intraoperative image of a vestibular schwannoma (T4b)
exposed through a retrosigmoid approach on the right side in
park bench position. (a) Tumor exposure; (b) Drilling of internal
acoustic canal in close relationship to the jugular bulb*; (c) Tumor
debulking; (d) Removal of the intrameatal tumor; (e) The
cerebellopontine angle after tumor removal

a high origin of the posterior inferior cerebellar artery,
and distal parts the anterior inferior cerebellar artery
and superior cerebellar artery.’”! Some authors have
pointed out that the visualization of the internal acoustic
canal (IAC) may be limited in the retrosigmoid approach.
After drilling the IAC, removal of the tumor in the lateral
portion of the IAC might necessitate blind dissection,
and therefore, increase the risk of incomplete tumor
removal.?***) Numerous studies have demonstrated that
gross total resection through the retrosigmoid approach is
possible in 84-97.6% of patients with large VS.F**! One
potential benefit of the retrosigmoid approach is hearing
preservation. However, some authors argue that hearing
preservation is extremely unlikely in large VS and should
not influence the choice of surgical approach.’® In our
series and prior studies, serviceable hearing was preserved
in 9-56% of patients with large VS.1210.12173947]

A major factor influencing postoperative quality of life is
facial nerve dystunction. Ansari et al. in their systematic
review reported that the translabyrinthine approach
was associated with inferior facial nerve function.
However, their analysis might have been confounded
by the inclusion of larger VS approached through the
translabyrinthine route.” In another systematic review
including large VS, the retrosigmoid and translabyrinthine
approaches provided similar rates of facial nerve
functional outcomes.!"! The extended translabyrinthine
approach, which was reserved for larger VS, was associated
with poor facial nerve outcome.!" Raslan et al. proposed
staged resection of large VS, presenting a high rate of
gross total resection (97.6%) with a low incidence of facial
nerve palsy.’®) However, staged resection is associated
with high rates of CSF leakage and the patients carry the
inherent risk associated with two procedures.**¢!

Because a randomized trial comparing the different
operative approaches is not feasible, there is no general
recommendation regarding the surgical approach for
VS. It is generally accepted that surgeon’s preference

http://www.surgicalneurologyint.com/content/8/ 1 /45

and experience may be the key determinant of the
surgical approach. Because VS grows slowly, the facial
nerve becomes stretched out flat along the tumor
surface in large VS. The arachnoid dissection plane
becomes obscured, and microsurgical  dissection
therefore becomes very challenging. Following tumor
resection, a collage sponge coated with fibrinogen
was used to stabilize the thinned facial nerve in its
course through the CPA in most patients of our series.
Microsurgical skills and experience of the surgeon
influence postoperative facial nerve function.!'"*
Another major factor influencing facial nerve function
is the tumor size. The risk of facial nerve palsy may
increase by up to six-fold in large VS.*! In our series,
poorer facial nerve function resulted in patients with
type 4b VS (compared with type 4a), although the
difference did not reach statistical significance. Tumor
consistency might be another factor influencing
outcome. Preoperative assessment of tumor consistency
by dedicated MRI studies is subject to future
investigation and may influence surgical strategy.

The implementation of intraoperative neuromonitoring
during resection of VS is associated with improvements in
functional preservation of the cranial nerves. Among these
methods, the most frequently used are direct electrical
stimulation EMG, free-running EMG, and FMEP for
the facial nerve and BAEP together with cochlear nerve
action potentials (CNAP) for the vestibulocochlear
nerve %2 The facial nerve demonstrates high rates of
functional preservation with the use of EMG. One of
its main functions is determining the intraoperative
anatomical location of the facial nerve by direct electrical
stimulation during tumor dissection. In addition, free
running EMG prevents unplanned damage of the facial
nerve by emitting acoustic signals whenever muscle
stimulation is detected.’? Especially, in large VS, EMG
directly influences surgical planning and strategy. FMEP
can be a valuable adjunct to conventional facial nerve
EMG during surgery for VS. It may be especially useful
when the facial nerve course is obscured by tumor or
inaccessible to direct electric stimulation.®” The use of
BAEPs in case of attempted hearing preservation is also
a standard tool but has several limitations. Because the
stimulus response must be summed and averaged to
obtain a wave of sufficiently high amplitude, this process
Is associated with a significant time delay. Naturally, such
a delay can negatively influence the course of surgery."*>?

Some authors advocate subtotal resection to reduce the
risk of hearing loss and facial nerve dysfunction. In our
series, subtotal resection was performed in one patient
only, who later displayed tumor recurrence. Incomplete
resection is associated with high recurrence rates (up
to 39%).%31 In a retrospective study, Carlson et al.
found that tumor recurrence was nine times more likely
after subtotal resection than after near total and gross
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total resection.l” Another treatment option is subtotal
resection followed by radiosurgery, to reduce the growth
of the remnant tumor.* Although any effort to preserve
hearing and facial nerve function is commendable, the
long-term risk of tumor recurrence — especially in younger
patients — is unclear. The rate of radiation control
of growing remnants is questionable.” In addition,
microsurgery after radiosurgery in case of tumor regrowth
becomes even more challenging and is associated with
higher complication rates.!'"!

CONCLUSIONS

We demonstrate the distinct clinical findings of VS with
brainstem compression, noting that these tumors are
frequently associated with hydrocephalus, ataxia, long
tract signs, multiple cranial nerve disorders, and in some
cases with signs of intracranial hypertension. Primary
microsurgical resection (gross total or near total) appears

to be the first-line management option of choice for large
VS.
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