Article published online: 2022-09-09

- Original Article

Hydrocephalus after Gamma Knife Radiosurgery for Schwannoma

Abstract

Objective: Gamma Knife radiosurgery (GKRS) has been established as an effective and safe
treatment for intracranial Schwannoma. However, communicating hydrocephalus can occur after
GKRS. The risk factors of this disorder are not yet fully understood. The objective of the study
was to assess potential risk factors for hydrocephalus after GKRS. Methods: We retrospectively
reviewed the medical radiosurgical records of 92 patients who underwent GKRS to treat intracranial
Schwannoma and developed communicating hydrocephalus. The following parameters were
analyzed as potential risk factors for hydrocephalus after GKRS: age, sex, target volume, irradiation
dose, prior tumor resection, treatment technique, tumor enhancement pattern, and protein level
of cerebrospinal fluid (CSF) after GKRS. Results: Of the 92 patients, eight of them developed
communicating hydrocephalus. Target volume and tumor enhancement pattern, and protein level of
CSF ware associated with the development of hydrocephalus. Conclusion: In particular, patients
with intracranial Schwannomas with large tumor size, ring enhancement patterns, and high protein

level of CSF should be carefully observed.
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Introduction

Intracranial Schwannoma is estimated
to account for 5%-9% of all intracranial
tumors, most of which are vestibular
Schwannoma (VS). Surgical resection
is the gold standard treatment method
for intracranial Schwannoma. However,
intracranial surgery carries the considerable
possibility of complications involving
cranial nerve injury.*?) In recent years,
many authors have reported that Gamma
Knife radiosurgery (GKRS) is effective
for tumor control and the preservation
of cranial nerve function for intracranial
Schwannoma.’! In contrast to open
surgery, GKRS does not require anesthesia
and is less invasive. However, patients
who undergo GKRS can experience
complications such as edema, cyst
formation, and hydrocephalus as adverse

radiation  effects.[)  Radiosurgery may
aggravate  cerebrospinal fluid (CSF)
malabsorption by causing radiation

necrosis, with elevated CSF protein
levels.'”  In addition, it 1is wunclear
whether further surgical intervention is
necessary for those patients who develop
communicating hydrocephalus. The aim
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of this retrospective cohort study is to
determine the incidence of communicating
hydrocephalus  developing after two
treatment modalities for VS.

Methods

Between February 2000 and December 2015,
92 patients who presented to our institute
were diagnosed with VS underwent GRKS.
Characteristics of these patients are shown
in Table 1. By examining both the medical
records and neuroradiological imaging of
these patients, we were able to retrospectively
review the presence of newly developed
hydrocephalus and potential risk factors for
hydrocephalus after GKRS. The diagnosis of
hydrocephalus was made from the following
established criteria: (1) disproportionate
enlargement of the ventricles relative to the
degree of sulcal prominence, (2) enlargement
of the anterior third ventricle with reduction
of the mamillopontine distance, and
(3) uniform smooth thinning and elevation
of the corpus callosum.”” To distinguish
GKRS-related hydrocephalus from senile
hydrocephalus, we added to the assessment
time of occurrence of hydrocephalus
and sudden worsening of the symptom.
According to several reports, GKRS-related
hydrocephalus developed within 24 months
postoperative. 5
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Results

The patient population in total, 92 patients underwent
GKRS for intracranial Schwannoma. The mean patient
age was 601.3 years (range: 26-82 years); 61 patients
were female and 31 patients were male. With respect to
tumor enhancement pattern, 36 patients were classified
in homogeneously enhanced pattern and 56 patients were
classified in ring-enhanced pattern [Table 1 and Figure 1].
Hydrocephalus occurred in eight patients after GKRS; all
of them had communicating hydrocephalus [Figure 2].
Shunt operations were performed for all patients. Of all
the patients with communicating hydrocephalus, while
three did not present any symptoms, two complained of
headache, and three suffered from dizziness. CSF protein
levels increased. The time of occurrence of hydrocephalus
after GKRS ranged from 3 to 24 months. Most cases
of hydrocephalus occurred within 6 months after
GKRS [Table 2]. Potential risk factors for hydrocephalus
ware target volume and tumor enhancement pattern,
and protein level of CSF. Univariate analysis revealed
that the tumor enhancement pattern had a significant
association with the development of communicating
hydrocephalus [Table 3].

Table 1: Clinical characteristics of patients with
vestibular Schwannoma

Patient (n=92)

Median age (years; range) 64.3 (26-82)
Sex (male/female) 31/61
Tumor size (cc; range) 4.6 (1.2-9.3)
Tumor location (right/left) 42/50
Enhanced type of tumor after GKRS
Ring enhancement 36
Homogeneous enhancement 56

GKRS — Gamma knife radiosurgery

Figure 1: T1-weighted contrast-enhanced magnetic resonance image taken
at after gamma knife surgery. (a) Axial T1-weighted, contrast-enhanced
magnetic resonance image scan showing a homogeneously enhanced right
vestibular Schwannoma. (b) Axial T1-weighted, contrast-enhanced magnetic
resonance image scan showing a ring enhanced vestibular Schwannoma
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Discussion
Several interventions are available for the treatment of VS.

When compared to radiosurgery, surgical resection
results in a high rate of complete tumor removal and a
low recurrence rate for large tumors.*'*!") However,
stereotactic radiosurgery is considered to be a less
invasive alternative to surgical resection and has been
increasingly utilized over the past 20 years for the
treatment of VS <3 cm in size.['>!¥]

Previous studies have shown radiosurgery to have a
high control rate of tumor growth and a low morbidity
rate, allowing for the preservation of facial and auditory
function."" Accordingly, surgical resection and
stereotactic radiosurgery are both good treatment options for
the management of VS, despite the known complications
associated with each of these procedures. Hydrocephalus
is a known complication of GKRS treatment for VS,
occurring in approximately 4%—14% of patients.['> With an
increasing number of patients presenting with VS, and those
who are treated using GKS in particular, understanding the
pathogenesis of the development of hydrocephalus is crucial
for the management of these patients. It has been suggested
that communicating hydrocephalus accompanying VS is
caused by tumor necrosis with subsequent CSF protein
elevation.l') Elevated CSF protein levels may lead to CSF
malabsorption at the level of the arachnoid granulations.!”
The lumbar CSF protein concentration in all the 92 patients

Figure 2: (a) A computed tomography scan of the brain at the time of the
Gamma Knife radiosurgery. (b) Computed tomography scan taken 3 months
after Gamma Khnife radiosurgery showing an enlarged ventricle
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Table 2: Characteristics of patients with hydrocephalus

Patient Age Sex Tumor Clinical Tumor enhancement  Marginal Protein level of  Treatment
number  (years) volume (cc) presentation pattern dose (Gy) CSF (dL/ml) technique
1 57 Male 53 Headache Ring 12 135 V-P shunt
2 74 Female 1.8 None Ring 13 12 V-P shunt
3 63 Male 2.1 None Ring 12 89 L-P shunt
4 72 Female 8.2 Dizziness Ring 14 213 V-P shunt
5 56 Female 24 Dizziness Homogenous 12 42 V-P shunt
6 70 Female 3.5 Headache Ring 12 34 V-P shunt
7 66 Male 4.2 None Ring 13 88 V-P shunt
8 55 Female 6.9 Dizziness Ring 13 148 L-P shunt

CSF — Cerebrospinal fluid

Table 3: Univariate analysis of factors that potentially
affect the development of communicating hydrocephalus
after Gamma Knife radiosurgery

Hydrocephalus P
—(n=84) + (n=8)
Age mean (years) 64.2 65.1 0.324
Sex (male/female) 28/56 3/5 0.225
Tumor volume (cc) 3.1 4.3 0.046*
Marginal dose, mean (Gy) 12.2 12.6 0.242
Tumor enhancement pattern (1/2) 29/55 71 0.003*
Protein level of CSF (mg/dL) 18.1 87.2 0.012%*

*P<0.05. Tumor enhancement pattern 1 — Ring; Tumor
enhancement pattern 2 — Homogeneous. CSF — Cerebrospinal fluid

was analyzed, and hydrocephalus was reported to be related
to high protein levels in the CSF. Elevated CSF protein
was a causative factor for hydrocephalus after GKRS.
High protein concentration in the CSF was considered
the main contributing factor for HCP, given that several
studies showed elevated intraventricular CSF protein
concentrations 1.6—15 times above the normal levels in HCP
cases.['¥ Similar to our study, a few investigations indicated
a statistical association between the hydrocephalus and the
cerebrospinal fluid protein density. In the current study, a
low concentration CSF proteins were found to be associated
with a lower risk of developing hydrocephalus after GKRS.
Nagano et all™ compared the radiosurgery results of
Schwannoma with different enhancement patterns and
found that patients with ring enhancement patterns showed
an earlier response and were more sensitive to treatment
than patients with homogeneous patterns. In the present
study, the ring enhancement group was more likely to
represent hydrocephalus. The age has also been suggested
as another causative factor. Tanaka et al.* reported that the
incidence of hydrocephalus was 12-fold higher in elderly
patients (25%) than in younger patients (2.1%). It is also
suggested that the increased incidence of communicating
hydrocephalus in the elderly population is due to a decrease
in the reserve capacity of CSF absorption due to aging.
Even a mild increase in the CSF protein released from the
Schwannomas may induce the proliferation of arachnoid
cells in elderly patients. This is important because the
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proliferation of arachnoid cells has been hypothesized to
drive the pathogenesis of hydrocephalus. In the present
study, age was not significantly associated with the
development of hydrocephalus, even though the age
distribution of our patient population was similar to that in
the study by Tanaka et al. An additional difference between
the present study and the study is that we considered the
period of time post-GKRS that it took for hydrocephalus
to develop. One possible explanation for the results is
that elderly patients with senile hydrocephalus may have
been included because hydrocephalus occurs after long
post-GKRS periods. The present study did have a few
limitations. We cannot completely exclude the possibility
of senile hydrocephalus. Thus, future studies that can
distinguish senile hydrocephalus will be.

Conclusion

Communicating hydrocephalus developed in
8 patients (8.7%). In addition, cases of intracranial
Schwannoma with large tumor size, ring enhancement
patterns, and high protein level of CSF should be closely
monitored for the development of hydrocephalus.
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