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Abstract

Hydrocephalus following Gamma Knife surgery for vestibular schwannoma is typically treated with

cerebrospinal fluid diversion. However, additional cerebrospinal fluid diversion (shunt placement)

causes a lifelong risk of shunt malfunction and infection. We report two cases of vestibular schwan-

noma in which the hydrocephalus with progressive tumor growth after Gamma Knife surgery was

treated by an initial tumor removal, resolving hydrocephalus without cerebrospinal fluid diversion

and causing long-term tumor control.

Patient 1 underwent Gamma Knife surgery for a 22-mm tumor vestibular schwannoma of Koos grade

III and developed symptomatic hydrocephalus with progressive tumor growth. Tumor removal at 17

months after Gamma Knife surgery resolved the hydrocephalus without tumor recurrence 8 years after

surgery. Patient 2 underwent Gamma Knife surgery for an 18-mm tumor vestibular schwannoma of

Koos grade IV and developed rapid tumor growth and symptomatic hydrocephalus 2 years after

Gamma Knife surgery. Patient 2 underwent subtotal tumor removal at 40 months after Gamma Knife

surgery resolving hydrocephalus without residual tumor progression at 14 years after Gamma Knife

surgery.

Subtotal tumor removal may be a primary treatment option in patients with vestibular schwannoma

treated with Gamma Knife surgery and developing hydrocephalus with tumor progression. This might

help avoid cerebrospinal fluid diversion with long-term tumor control.
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Introduction

Gamma Knife surgery (GKS) is widely used as a mini-

mally invasive treatment for vestibular schwannomas (VS),

particularly for small to medium-sized tumors.1) Hydro-

cephalus occurs in the incidence of 4%-6% after GKS for

VS, and hydrocephalus following GKS is managed by cere-

brospinal fluid (CSF) diversion.2,3) Hydrocephalus occurs

without GKS in 3.7%-42% of VS patients.4) Since 87% of hy-

drocephalus coexisting with treatment-naive VS was re-

solved after tumor removal (TR) alone,4) TR was the initial

treatment for VS with hydrocephalus. We report two VS

patients who developed hydrocephalus along with tumor

growth after GKS and who were treated only by TR, result-

ing in hydrocephalus resolution without CSF diversion and

long-term tumor control.
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Fig.　1　Case 1.

MRI at 9 years before diagnosis of vestibular schwannoma (B) showed no tumor in the left cerebellopontine angle (CPA). At the 

time of diagnosis, MRI (A) revealed a 21-mm solid mass in the left CPA. The tumor measured 22 mm on MRI at the time of GKS (C).

A CT scan 1 year after GKS (D) showed ventricular enlargement. MRI at the time of surgery (E) showed that the tumor grew to 26 

mm. Eight years after diagnosis, there was no tumor growth nor the recurrence of hydrocephalus (F: CT, G: MRI).

CT: computed tomography; GKS: Gamma Knife surgery; MRI: magnetic resonance imaging

Case Report

Case 1: A 74-year-old woman at diagnosis

The patient experienced sudden sensorineural hearing

loss 23 years before and noticed progressive hearing de-

cline thereafter. She consulted a local otologist; however,

imaging studies were not performed. The hearing loss per-

sisted and gradually progressed to deafness. Magnetic reso-

nance imaging (MRI) after a minor head injury demon-

strated the left 21-mm solid VS of Koos grade III (Fig. 1A).

MRI 9 years before the diagnosis showed no tumor in the

left cerebellopontine angle (Fig. 1B), suggesting a relatively

rapid tumor growth rate and no association between the

VS and the sudden sensorineural hearing loss 23 years ear-

lier. Although TR was proposed as a primary treatment,

GKS (12 Gy at periphery) was performed two months after

the diagnosis under the patient’s preference, when the tu-

mor diameter was 22 mm (Fig. 1C). The tumor enlarged

progressively after GKS, increasing to 23 mm and 24 mm

at 3 and 6 months after GKS, respectively. The patient de-

veloped gait disturbance and had difficulty in daily activity

12 months after GKS, and progressive ventricular enlarge-

ment led to a diagnosis of hydrocephalus following GKS

(Fig. 1D). Repeated CSF tap tests resulted in temporary im-

provement of hydrocephalus symptoms and revealed an

elevated CSF protein level of 150 mg/dL. MRI showed pro-

gressive brainstem compression by the tumor with 26 mm

in diameter, 16 months after GKS (Fig. 1E). The patient

underwent subtotal TR (90% in resection rate) preserving

the facial nerve function 17 months after GKS. The histo-

pathological examination of the resected tumor revealed a

schwannoma with a Ki-67 index of less than 5% in the

highest area and fibrosis probably due to the effects of

GKS. No mitotic and malignant figures led to a diagnosis

of benign schwannoma. The symptoms were resolved after

surgery. MRI showed no residual tumor progression or hy-

drocephalus (Fig. 1F and G) 8 years after surgery.

Case 2: A 56-year-old woman at diagnosis

The patient presented with left facial sensory distur-

bance, leading to a diagnosis of left 28-mm solid VS of

Koos grade IV (Fig. 2A). She had lost her left hearing. She

underwent an intentional subtotal TR to preserve the fa-

cial nerve function. Because of the rapid residual tumor

growth (Fig. 2B), a second TR was performed 15 months

after surgery. The histopathological diagnosis of the second

surgery was a schwannoma with a Ki-67 index of approxi-

mately 2%-3% in the highest area and partial hemorrhage.
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Fig.　2　Case 2.

MRI at diagnosis of vestibular schwannoma (A) showed a tumor measuring 28 mm. At the time of the second surgery (B), the tu-

mor size was 28 mm. By the time of GKS (C), the tumor size was 18 mm. MRI at 5 years after the diagnosis (D) showed the tumor

regrew to 27 mm, and CT scan (E) revealed the ventricular enlargement, leading to the final tumor removal. CT scan (F) and MRI

(G) confirmed no recurrence of the residual tumor nor hydrocephalus 12 years after the third surgery.

CT: computed tomography; GKS: Gamma Knife surgery; MRI: magnetic resonance imaging

No karyorrhexis or malignant findings were present.

Planed GKS (12 Gy in the periphery) was applied 6 months

after the second surgery when the tumor diameter was 18

mm (Fig. 2C). The residual tumor showed rapid growth,

and the patient developed gait disturbance 2 years after

GKS. Computed tomography scans demonstrated progres-

sive ventricular enlargement with progressive tumor

growth 3 years after GKS (27-mm tumor, Fig. 2D and E).

The patient underwent subtotal TR (resection rate 80%)

preserving facial nerve function. The histopathology of the

third surgery revealed a benign schwannoma with a Ki-67

index of less than 2% in the highest area. The proliferation

of collagen fibers and degenerated hyaline fibers, presumed

to be tissue reactions following GKS, as well as neutrophil

infiltration around blood vessels, were observed. No kary-

orrhexis or malignant findings were present. Both hydro-

cephalus and the symptoms resolved after the third sur-

gery. MRI showed no tumor recurrence or hydrocephalus

(Fig. 2F and G) 12 years after the third surgery.

Discussion

Hydrocephalus after GKS for VS occurs because of the

elevated CSF protein due to tumor necrosis and impaired

CSF absorption.5) Additionally, in cases of large tumors,

compression of the fourth ventricle may lead to impaired

CSF circulation, contributing to hydrocephalus.6) CSF diver-

sion, i.e. shunt placement, is a standard treatment. How-

ever, unnecessary shunt placement should be avoided be-

cause the shunt placement causes a lifelong risk of shunt

malfunction and infection. In some cases, hydrocephalus

can be resolved after TR alone, making shunt surgery un-

necessary. We presented two VS cases with hydrocephalus

after GKS and TR alone resolved hydrocephalus with long-

term tumor control.

VS treated with GKS involves transient tumor progres-

sion; tumor volume increases by an average of 27% at 6

months and typically shrinks to its original size at 12

months after GKS.7) Some of the patients had persistent tu-

mor growth more than 1 year after GKS and required TR

in approximately 2%-3% of the patients.8,9) In the present

two cases with tumors growing for over a year after GKS

and developing the symptomatic hydrocephalus, we per-

formed TR to resolve the hydrocephalus and to expect

long-term tumor control.

The hydrocephalus in treatment-naive VS patients is

mostly resolved by TR without CSF diversion.10) Both in-

tracranial pressure and CSF protein reduce after TR.11) In

the present cases, TR might be associated with decreased

CSF protein, improved CSF absorption, and resolving hy-
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drocephalus.

The larger the VS at the time of GKS, the higher the in-

cidence of hydrocephalus after GKS.12) The larger the tumor

at the time of hydrocephalus onset, the greater the effect

of TR on reducing CSF protein and improving CSF absorp-

tion; it may increase the hydrocephalus resolution rate. A

higher TR rate correlates with a higher hydrocephalus cure

rate.11)

In a report on cases of VS larger than 25 mm treated

with GKS, 20.4% (11 out of 54 cases) developed hydro-

cephalus; however, none of these cases exhibited tumor

enlargement.8) Similarly, in other studies, approximately

5.0% (11 out of 211 cases) developed hydrocephalus, but

the tumor control rate was 100%.13) These two reports sug-

gest that hydrocephalus following GKS is not necessarily

associated with tumor growth after GKS. However, we be-

lieve that not only the presence or absence of final tumor

growth but also transient expansion after GKS could influ-

ence the development of hydrocephalus. In cases of tran-

sient tumor expansion, elevated CSF protein levels during

the expansion phase may persist and potentially contribute

to hydrocephalus.

In cases where hydrocephalus develops after GKS for VS,

previous reports and the present cases suggest that such

tumors are often relatively large at the time of GKS (ap-

proximately 20-25 mm or larger). Even in the absence of

tumor growth, TR may improve CSF protein levels, offering

potential benefits for hydrocephalus management. This ef-

fect is expected to be particularly pronounced in cases

with tumor growth. However, physicians performing GKS

tend to avoid invasive treatments, which may lead to hesi-

tation in proceeding with TR for hydrocephalus in the ab-

sence of tumor growth. Further investigation is necessary

to address this issue and develop appropriate solutions.

Shunt placement is the safe and effective treatment of

idiopathic normal pressure hydrocephalus with a success

rate of 82%.14) However, complications such as mortality

(0.2%), and morbidity (8.2%), including subdural hema-

toma (4.5%), intracerebral hemorrhage (0.2%), and infec-

tion (3.5%), are reported, with a shunt revision rate of

13%.14) In a study comparing ventriculoperitoneal (VP)

shunts and lumboperitoneal (LP) shunts, there was no dif-

ference in effectiveness or severe adverse events between

the two groups; however, shunt revisions were more fre-

quent in the LP shunt group (7%) compared to the VP

shunt group (1%).15) Shunt malfunction and infection pose

lifelong risks. In the present two cases, TR resolved the hy-

drocephalus after GKS without CSF diversion and thereby

eliminated the lifelong risks indigenous to shunt place-

ment.

GKS increases the risk of postoperative facial palsy and

hearing impairment in the TR because GKS causes fibrosis

and adhesion between the tumor and surrounding struc-

tures.16) The residual tumors after salvage surgery for GKS-

treated VS commonly demonstrated tumor shrinkage, and

subtotal TR should be considered to avoid the additional

deficit. In the present two cases, TR preserved facial nerve

function without any new neurological deficit. Although

TR was subtotal (achieving 80-90% TR), hydrocephalus was

successfully resolved, and the residual tumors did not

show regrowth during the 8 to 12-year follow-up period.

These findings suggest that achieving a substantial extent

of TR, such as 80-90%, might serve as a critical guideline

for treatment, even without pursuing total resection.

Conclusion

Considering the chance of resolving the hydrocephalus

without CSF diversion, TR may offer an effective initial

treatment for VS patients with hydrocephalus and progres-

sive tumor progression after GKS.

Informed Consent

Informed consent was obtained from all patients in-

cluded in this case report.
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