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ABSTRACT

Aim: The aim of the following study is to analyze the outcome following surgery in 169 patients with large vestibular schwannoma
(VS) and to evaluate hydrocephalus as a prognostic factor in patients of the VSs. Subjects and Methods: Retrospective analysis of
all cases of VSs admitted to our tertiary neurosurgical center from January 2005 to December 2010 was performed. Comparison of
patients who underwent pre-operative cerebrospinal fluid (CSF) diversion and those who underwent primary surgery was carried
out for post-operative complications and delayed hydrocephalus. Results: A total of 169 patients of VS were seen. The mean age at
presentation was 39.03 years (12-72 years). The most common symptom was hearing loss seen in 161 (95.2%) cases. Giant VS was
seen in 130 (75.5%) and hydrocephalus was present in 110 (63.9%). Pre-operative CSF diversion was done in 23 (13.1%) patients;
8 (4.6%) patients developed gradually symptomatic hydrocephalus following surgery and underwent ventriculoperitoneal shunt.
Total surgical excision was done in 92.9% patients and subtotal excision was done in 7% patients. Conclusions: Hydrocephalus occurs
in longstanding untreated cases of VS. Hydrocephalus causes no statistically significant increase in post-operative complications like
CSF leak and post-operative hematoma. Patients with hydrocephalus presenting with acute symptoms of raised intracranial pressure
benefit from CSF diversion. In most patients, tumor resection will restore patency of the CSF pathway and CSF diversion can be avoided.

Key words: Hydrocephalus, retromastoid craniectomy, ventriculoperitoneal shunt, vestibular schwannoma

INTRODUCTION the results of surgical treatment in 169 patients with VS
with special attention to obstructive hydrocephalus as

Vestibular schwannoma (VS) is the most common £ 1or in determining the outcome following surgery.

neoplasm of the cerebellopontine angle. In India, VS
often presents at a later stage when the tumor has attained
a very large size and caused extra-audiofacial neurological SUBJECTS AND METHODS
deficits.!') With increase in size, VS cause significant
brainstem compression and hydrocephalus, which is
associated with visual deterioration, ataxia, urinary
incontinence and often acute neurological worsening
prior to surgery. The presence of hydrocephalus makes
surgical excision difficult due to cerebellar swelling and
greater intraoperative cerebellar retraction. This has been
associated with an increase in postoperative morbidity,
especially cerebrospinal fluid (CSF) fistulas.™*¢! We analyze

We performed a retrospective analysis of all cases of
VSs admitted to our tertiary neurosurgical center from
January 2005 to December 2010. Preoperative assessment
of every patient consisted of clinical examination
and neuroradiological evaluation by non-contrast
computerized tomography (NCCT) or contrast enhanced
computerized tomography(CECT), and gadolinium
enhanced magnetic resonance imaging (MRI). Clinical
information including age, sex, clinical symptoms and

— . signs, duration of symptoms, radiological findings, surgical
Access this article online ens, . ymp ’ S : ’g’ » Surg
. procedure carried out, extent of surgical excision, post-
Quick Response Code: . . . .
Website: operative complications, and follow-up was retrieved from
www.ijns.in their case records, operation theater register and discharge
summaries. The histopathology reports of all operated
DOI: cases were verified before including them in our series.
10.4103/2277-9167.131997 All patients were evaluated pre-operatively by clinical
examination of the nervous system. Facial nerve palsy
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was graded pre-operatively and post-operatively by the
House-Brackmann grading. Their hearing assessment was
carried out using pure tone audiometry (PTA) and graded
according to the Norstadt classification i.e. good = 0-30db,
fair =31-60db, bad = 61-90db, lost >90db. The criterion
for impairment of useful hearing was a hearing impairment
greater than 60 decibels. The speech discrimination test
was not performed.

The size of the tumor was measured in the plane parallel
to the petrous ridge. Jackler’s staging was used to classify
the tumors into small (<10 mm), medium (10-24 mm),
large (25-39 mm), giant (>40 mm). Hydrocephalus was
diagnosed if the ratio of the maximum width of the frontal
horns to the maximum internal diameter of the inner table
of the skull at the same level was greater than 30%." The
extent of occlusion of the fourth ventricle was categorized
as patent if the fourth ventricle was not distorted with the
presence of dilated third and lateral ventricles, partially
occluded if the fourth ventricle appeared distorted
with dilatation of the third and lateral ventricles and
completely occluded if the fourth ventricle was completely
compressed and the third and lateral ventricles were
dilated. The type of hydrocephalus was obstructive if the
fourth ventricle was found compressed in the presence of
dilated lateral and third ventricles or communicating if
the fourth ventricle was dilated along with the lateral and
the third ventricle. The surgical resection in all patients
was done through the retromastoid approach in the park-
bench position, except in one patient who was operated
by the middle fossa approach. The Cavitron ultrasonic
suction aspirator (CUSA) was used in a few cases.
Facial nerve monitoring or brainstem evoked potential
monitoring was not used in any case.

In those patients who had bilateral tumors and underwent
surgical resection on both sides; the second surgery
was recorded as a separate case with respect to tumor
size and surgical outcome. The extent of resection was
considered total if the entire tumor along with the
intrametal extension was resected, near total if bits of
the capsule were left behind on the cranial nerves or
the brainstem and subtotal if a part of the tumor was
left behind following surgery. Post-operative follow-up
was obtained through direct out-patient clinic visits at
6 weeks, 3 months, 6 months and 1 year and later by
telephonic or postal communication.

Sub group analysis of patients with hydrocephalus
for pre-operative clinical presentation, neurological
signs, post-operative complications and comparison of
patients who underwent pre-operative CSF diversion
and those who underwent primary surgery was done for
post-operative complications and delayed hydrocephalus.
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The data was tabulated and analyzed using SPSS® 16
(SPSS Inc., Chicago, IL).

RESULTS
From January 2005 to December 2010, 169 (n = 169)

patients with a clinical diagnosis of VS were seen in our
tertiary care neurosurgical unit, 95 (56.2%) patients
were males and 74 (43.7%) were females. The age at
presentation ranged from 12 years to 72 years with the
mean age at presentation being 39.03 years. 15 patients
(8.5%) had bilateral VSs due to neurofibromatosis-2
(NF-2). Two patients were reoperated for residual tumor
6 weeks after primary surgery and two patients were
operated for recurrent VS.

Clinical presentation [Table 1]

The most common symptom was hearing impairment
due to cochlear nerve involvement, which was seen in
161 (95.2%) patients. 71 patients (42.01)% patients had
right and 83 (49.1)% patients had left ear involvement.
Bilateral hearing loss was seen in 7 (4.1%) patients
and only 4 (2.3%) patients had no subjective hearing
loss at presentation. The mean duration of hearing
loss at presentation was 20.8 months. Although the
hearing loss is a subjective phenomenon, PTA was used
pre-operatively for objective assessment of hearing. Good
hearing was seen in 1 (0.5%) patient, fair in 4 patients
(2.3%), bad in 30 (17.1%) and lost in 69 (39.4%). Visual
deterioration was another complaint with a mean duration
at presentation being 7 months, 74 (42.2%) patients
complained of visual deterioration and 20 patients had
a no perception of light in either one or both eyes at
presentation. Fundus examination revealed bilateral
papilledema in 94 (53.7%) patients and optic atrophy in
17 (9.7%) patients. Subjective complaints of lower cranial
nerve involvement were seen in only 19 (10.5%) patients,
the mean duration before presentation was 2.3 months
and was much shorter than other symptoms. However,
on clinical examination 61 (34.9%) patients had impaired
pharyngeal sensation and absent gag reflex. Three patients
had aspiration pneumonitis at presentation and required
pre-operative tracheostomy for adequate tracheal toilet.
One patient underwent percutaneous gastrostomy prior
to surgery. Other symptoms included cerebellar ataxia,
facial palsy, facial numbness, limb spasticity due long tract
involvement, hemifacial spasm, headache and vomiting

[Table 1].

Radiological features

In our series, one patient a small (<10 mm) tumor,
5 (2.9%) patients had medium sized (10-25 mm) tumors,
36 (20.9%) patients had large size (25-40 mm) tumors
and 130 (75.5%) patients had giant (>40 mm) tumors.
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Brainstem compression was seen in 153 (89.4%) patients.
NCCT (bone window) was done in 43 patients, of these
32 (74.4%) patients had dilatation of the internal auditory
meatus. 110 (63.9%) patients had hydrocephalus at
presentation. In patients with hydrocephalus complete
obstruction of the fourth ventricle was seen in 57 patients,
partial compression was seen in 48 and a patent fourth
ventricle was seen in 5 patients. We observed significant
correlation between the extent of ventricular occlusion
and development of hydrocephalus (Spearman’s
tho = 0.236, P < 0.01) and also between the size of the
VS and the extent of ventricular occlusion (Spearman’s

rho = 0.38, P < 0.01) [Tables 2 and 3].

Hydrocephalus
A total of 110 patients had hydrocephalus on radiological
study at admission; we observed significant correlation

between the size of VS and hydrocephalus (Spearman’s
rho = 0.259, P < 0.01) [Table 4].

Clinically symptomatic hydrocephalus was seen in only
23 (13.1%) patients, and they underwent CSF diversion
prior to definitive surgery for VS. Of these patients,
20 (11.4%) patients underwent ventriculoperitoneal
(VP) shunt surgery, one patient underwent an endoscopic
third ventriculostomy and two patients underwent
emergency external ventricular drainage (EVD). Of
these, four patients (one patient with Parkinson’s disease,
one with NF-2 and cachexia, one with renal failure and
one who refused further treatment) underwent only VP
shunt and were kept on follow-up.

All the other patients without symptomatic hydrocephalus
underwent definitive surgery for VS. Following surgery,
four patients underwent EVD for acute hydrocephalus
as a result of operative site hematoma, of these in two
patients could be weaned of the EVD without VP shunt,
one patient with ventriculitis underwent Ommaya
reservoir placement for ventricular antibiotic instillation
and CSF drainage for 4 weeks but did not require a VP
shunt. 8 (4.6%) patients developed gradually symptomatic
hydrocephalus following surgery and underwent VP shunt.

Operative outcome

165/169 patients underwent surgery for VS; three
patients with bilateral tumors underwent surgery on
both sides, two patients underwent resurgery for residual
tumor 6 weeks after the primary surgery and one patient
underwent redo surgery for recurrent tumor. On analyzing
the result of surgical excision in our patients, complete
surgical excision with the removal of the intrametal part
was possible in 159/171 (92.9%) patients. In 12 (7.0%)
patients who underwent subtotal excision of VS, part
of the tumor capsule was seen densely adherent to the

Vol. 3 lIssue 11 January-April | 2014

surface of the brain stem. Manipulation of the capsule was
associated with alterations in the hemodynamic status
during surgery or judged as detrimental due to potentially
debilitating deficits resulting from brainstem injury.

Table 1: Distribution of symptoms in patients with
giant vestibular schwannoma

Symptoms Percentage Mean duration (months)
Headache 66.4 14.2
Vomiting 23.8 7.3
Hearing impairment 95.2 20.8
Facial hyposthesia 39.2 10
Tinnitus 28.4 17.2
Facial palsy 22.7 7.5
Disequilibrium 77.3 7.8
Lower cranial nerve palsy 28.4 2.3
Loss of taste sensation 18.9 5.1
Visual loss 38.1 7
Trigeminal neuralgia 2.9 6
Limb spasticity 4.2 4
Hemifacial spasm 0.5 3
Vertigo 11.9 14.9
Table 2: Comparing ventricular occlusion with
hydrocephalus
Fourth ventricular 7Hydrocephalusi Total
occlusion Yes No
Patent 5 14 19
Partial 48 27 75
Complete 57 21 78
Total 110 62 172

Spearman’s rho=0.236; P<0.01

Table 3: Comparing ventricular occlusion with size of
the tumor

Fourth ventricular Jackler stage (size of the tumor in mm) Total
occlusion Small Medium Large Giant

Patent 1 4 9 5 19

Partial 0 1 18 56 75

Complete 0 0 9 69 78

Total 1 5 36 130 172

Spearman’s rho=0.381; P<0.01

Table 4: Distribution of hydrocephalus in cases of
various tumor sizes

Jackler stage ﬂdrocephalg Total cases
(size of the tumour in mm) Yes No

Small (<10) 0 1 1
Medium (10-24) 1 4 5
Large (25-3.9) 17 19 36
Giant (>40) 92 38 130
Total 110 62 172

Spearman’s rho=0.259; P<0.01

Indian Journal of Neurosurgery

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Nair, et al.: Hydrocephalus and vestibular schwannoma

Neurological outcomes and complications

Nine (5.2%) patients developed post-operative
hematoma, one patient had an extradural hematoma and
eight patients had operative site hematoma and needed
surgical evacuation. Fifteen (8.57%) patients underwent
tracheostomy for either prolonged ventilatory support
or lower cranial nerve palsy with inability to clear oral
and tracheal secretions. Facial nerve was anatomically
preserved in 64.3% (n = 104) cases where total or near
total excision of the schwannoma was performed.

Postoperative complications

CSF leak from the surgical site or pseudomeningocoele
at the surgical site occurred in 18 (10.5%) patients,
two patients developed CSF otorrhea and one patient
developed CSF rhinorrhea. One patient had obstructive
hydrocephalus in the postoperative NCCT and underwent
VP shunt. In the remaining 17 (9.71%) patients, the CSF
leak was initially managed with serial lumbar puncture or
lumbar drainage for 3 days. Only two patients continued
to have persistent CSF leak after CSF drainage, they were
treated with lumboperitoneal (LP) shunts with resolution
of CSF leak. All four patients with CSF rhinorrhea had
resolution of symptoms after LP for 3 days. Two patients
with otorrhoea developed meningitis, one improved after
CSF drainage and the other died of septicemia. One patient
developed delayed pseudomeningocoele at the surgical
site, the post-operative NCCT revealed communicating
hydrocephalus and the patient was taken up for a LP shunt.
The condition did not resolve and the surgical site was re-
explored and dural repair done, followed by a VP shunt
with resolution of the pseudomeningocoele.

The number of complications seen following surgery was
more in patients having hydrocephalus, however the
difference was not statistically significant (P > 0.05).

Complications in patients with hydrocephalus and pre-
operative CSF diversion [Table 5 and Figure 1]

Thirteen out of 18 patients who developed CSF leak
from the surgical site had hydrocephalus, while only
1 out of 19 patients who underwent CSF diversion
followed by definitive surgery developed CSF leak.
Among patients who developed CSF otorrhea/rhinorrhea
3/6 had hydrocephalus, however, no patient with a
pre-operative shunt developed CSF otorrhea/rhinorrhea.
Six out of 9 patients who developed hematoma following
surgery had hydrocephalus prior to surgery, however, no
patient with a pre-operative shunt developed hematoma
at the operative site. Among patients who required
tracheostomy and prolonged ventilation (>7 days)
following surgery, 12/17 had hydrocephalus, however,
this complication was seen in only 4/17 patients who
underwent pre-operative CSF diversion. Patients
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who underwent shunt prior to surgery had a fewer
complications and a better outcome following surgery
however the difference was not statistically significant

(P > 0.05).

Mortality

The mortality in our series was 8 (4.5%) patients. One
patient had massive hemorrhage from tentorial vessels
and developed cardiogenic shock intraoperatively and
succumbed in the post-operative period. Two patients
developed septicemia with renal failure, one patient
had meningitis following CSF otorrhea and died. Two
patients developed bronchopneumonia and respiratory
failure, one patient with a large cystic schwannoma
experienced neurological worsening, probably due to
brainstem compression, one patient developed massive
cerebellar and brainstem infarction leading to death in
the post-operative period.

DISCUSSION

The presence of fourth ventricular obstruction caused
by large or giant VS was the most common cause of
hydrocephalus in our series. This occurs due to either
neglect of symptoms or delay in referral for treatment

Table 5: Comparison of post-operative complications in
patients with and without pre-operative CSF diversion

Complications CSF diversion Total
Yes No

CSF leak 1 17 18
CSF otorrhea 0 2 2
CSF rhinorrhea 0

Operative site hematoma 0 9 9
Prolonged ventilation 4 13 17
Brainstem injury 1 0 1
Total 6 45 51

CSF - Cerebrospinal fluid

S HYDROCEPHALUS
PRESENT

% HYDROCEPHALUS
ABSENT

Figure 1: Comparison of incidence of complications in patients with and
without hydrocephalus
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(hearing loss-20 months, headache 14 months). We also
found that untreated hydrocephalus causes an increase in
postoperative CSF leak and operative site hematoma, this
difference was however not statistically significant. In most
cases of hydrocephalus resolved after microsurgical excision
of the VS. We shall elaborate on these findings in detail.

The reported incidence of hydrocephalus in patients with
VSis 3.7-42%.1"% Several studies have also found that the
size of VS or CPA tumors is related to hydrocephalus.> %!
There are several postulated mechanisms of hydrocephalus
and its association with posterior fossa tumors like the VS.
Hydrocephalus may result from compression of the fourth
ventricle as seen in large posterior fossa tumors.'* High
protein content in the CSF due to protein shedding by
tumor and plugging of the arachnoid granulations may
cause communicating hydrocephalus.”®! Other theories
include tumor-associated alterations in CSF flow dynamics
within the basilar cisterns cause hydrocephalus, increased
fibrinogen levels, meningeal adhesions caused by recurrent
tumor bleeds and arachnoiditis induced by the proteins.!'”

Development of communicating hydrocephalus and
increased protein content in CSF obtained from
the cisterna magna has been demonstrated for VS,
especially in small tumors.[7812 While these postulates
hold true for small VS, in large and giant VS with gross
brainstem compression and distortion of the fourth
as seen in this study correlating size with ventricular
occlusion, direct long standing obstruction of the CSF
circulation appears to be a more likely etiology.

Delayed development of hydrocephalus following surgical
excision is very rare; only one patient developed delayed
symptomatic hydrocephalus. The delay can be due to the
anatomical distortion of the fourth ventricle, ependymal
adhesions within the fourth ventricle and contamination
of the arachnoid space by blood products. Sometimes,
normalization of ventricular size following surgery may
take a very long time due to the decrease in the ventricular
elasticity caused by chronic hydrocephalus [Figure 2].11%

The incidence of CSF leak in VS ranges for 3-26.7%, 141619
A recent meta-analysis narrows it to 6-10%.12% The rate of
CSF leak in our series was 10.5%. We noted an increase
in the incidence of CSF leaks following VS surgery in
patients with hydrocephalus [Figure 1]. Another feature
was that patients who underwent CSF diversion prior to
microsurgical excision of VS had fewer instances of CSF
leaks [Table 5]. However, both these findings were not
statistically significant (P > 0.05). Prolonged ventilatory
support and the need for a tracheostomy were also greater
in patients with hydrocephalus [Figure 1], however

(a and b) T2-W magnetic resonance imaging axial and coronal,
showing a giant (>4 cm) vestibular schwannoma with compression of the
brainstem and occlusion of the cerebrospinal fluid (CSF) pathway. (c and d)
Post-operative T2-W images in axial and coronal showing complete tumor
excision with restoration of the contours of the brainstem and CSF pathway

the relationship was not statistically significant. This
is probably because larger tumors size tend to gradually
cause caudal shift of the cerebellum and brainstem
compression.'”) These patients often need prolonged
ventilation and their weaning of the ventilator was
delayed following surgery.

Post-operative hematoma occurred in 10 (5.7%) patients.
Anincreased incidence of hematoma was seen in patients
with hydrocephalus. In the presence of tonsillar descent
due to a posterior fossa mass, the cisterna magna may
be difficult to access. Operating with a tense cerebellum
limits the exposure of the tumor and excessive retraction
on a tense cerebellar hemisphere may result in cerebellar
hematoma, tearing of veins and post-operative cerebellar
swelling. All these cause an increase in post-operative
morbidity. In turn, post-operative hematoma results
in post-operative deterioration in sensorium, acute
hydrocephalus, cerebellar and brainstem edema.!?!

A small subset of patients (n = 23) with symptomatic
hydrocephalus resulting in acute neurological
deterioration however did benefit from pre-operative
CSF diversion [Table 5], they represent a group, which
presents very late in the course of the illness, either due
to delayed referral, or poor access to health care. However
we feel that most patients with hydrocephalus can be
managed without a prophylactic shunt.

Most patients in our study presented with a long history
of illness, were diagnosed and treated late. This is
supported by the long duration of symptoms seen in
patients at presentation (20 months for hearing loss and
14 months for headache). Even the duration of poorly
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tolerated symptoms like vomiting and visual decline
was prolonged (7 months), an important finding was
the presence of papilledema or optic atrophy, which was
seen in 72.3% (81/112) of our patients and favors the
presence of chronic raised intracranial pressure (ICP)
as the cause for blindness, all these point to delay in
neurosurgical referral. Aforementioned literature also
suggests that in societies with easy access to health care
and a low threshold for detailed investigation, the delay
in referral is shorter and the mean tumor size smaller at
diagnosis, resulting in a fewer number of patients with
hydrocephalus at presentation.

CONCLUSIONS

VS can cause hydrocephalus by fourth ventricular
obstruction. The size of the VS correlates with the
distortion of the fourth ventricle and hydrocephalus.
Neurological sequele of chronic raised ICP like blindness
is a result of delayed referral. Hydrocephalus causes
no statistically significant increase in postoperative
complications like CSF leak and postoperative hematoma.
Preoperative CSF diversion in symptomatic patients
with features of raised ICP like altered sensorium is a
life-saving measure, however no statistically significant
decrease in the incidence of CSF leak or hematoma was
seen. Patients with hydrocephalus presenting with acute
symptoms of raised ICP benefit from CSF diversion.
However, in most patients, tumor resection will restore
patency of the CSF pathway and CSF diversion can be
avoided.
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