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a b s t r a c t 

Communicating hydrocephalus is a known tumor-related syndrome associated with 

vestibular schwannoma, which can occur even in small tumor. Radiation has become a pop- 

ular primary treatment option for small schwannoma; however, little is known about the ef- 

ficacy and risk accompanying asymptomatic ventriculomegaly on images. We report a case 

of a 59-year-old woman who suffer from refractory communicating hydrocephalus after ra- 

diation for small vestibular schwannoma with asymptomatic ventriculomegaly. After the 

surgical removal of the tumor, hydrocephalus was gradually improved due to intermittent 

lumbar puncture and finally resolved without shunt placement. Surgical removal should be 

considered as the first option for the treatment, even if the patient is asymptomatic and the 

images revealed a small vestibular schwannoma with only slight ventricular enlargement. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Introduction 

Hydrocephalus associated with vestibular schwannoma is
well recognized condition, which is usually noncommunicat-
ing (obstructive) hydrocephalus related to tumor size but occa-
sionally communicating (nonobstructive) hydrocephalus un-
related to tumor size [1] . Communicating hydrocephalus is
considered to be a tumor-related syndrome due to elevated
cerebrospinal fluid (CSF) protein concentration secreted by the
tumor [2–4] . In some cases, it could be found as asymptomatic
ventriculomegaly associated with small vestibular schwan-
noma. For small vestibular schwannoma, radiation has in-
creasingly become a popular primary treatment option; how-
ever, little is known about the efficacy and risk of radiation
for the small vestibular schwannoma accompanying ventricu-
lomegaly on the images. 

Here, we report a case of communicating hydrocephalus
exacerbated and become refractory after radiation for vestibu-
lar schwannoma with ventriculomegaly on the preoperative
images, which was gradually improved and finally resolved on
the both clinically and radiographically after surgical removal
of the tumor without shunt placement. 

Case report 

A 59-year-old woman initially presented with decreased hear-
ing on the right side in another hospital. A magnetic res-
onance (MR) scan revealed a 20-mm tumor at the right
cerebellopontine angle accompanying mild ventriculomegaly
( Fig. 1 A-C). The diagnosis of the tumor was vestibular schwan-
noma because the MR scan showed the tumor was extended
into the internal auditory canal, which was strong homoge-
neous enhancement and created an acute angle with petrous
bone. Given the patient preference for radio surgery, the pa-
tient received gamma knife radiosurgery (GKRS; 8-Gy single
fraction). 

The patient developed headache and gait disturbance 5
months after GKRS. An MR scan demonstrated moderate tu-
mor growth with central necrosis, and with slightly more ven-
tricular enlargement ( Fig. 2 A-C), while the periventricular hy-
Fig. 1 – (A-C) An axial gadolinium-enhanced T1-weighted magne
showed a 20-mm (5.5 cm 

3 ) enhanced mass extending into the ri
ventriculomegaly. The appearance was consisted with a vestibul
perintensity area on fluid-attenuated inversion recovery MR
images was not revealed ( Fig. 2 D and E). A lumbar punc-
ture showed a high intracranial pressure (ICP) of 25 cm H 2 O
and an increased CSF protein concentration of 101 mg/dL. A
ventriculoperitoneal shunt (CERTAS; Codman, Raynham, MA)
was placed to treat the communicating hydrocephalus, and
the symptoms improved. However, the symptoms recurred 1
month after the procedure, with lumbar puncture revealing
the ICP of 30 cm H 2 O and the CSF protein concentration of
168 mg/dL. A shunt revision was performed but also failed to
manage the hydrocephalus because of the shunt dysfunction.
Then the patient was referred to our hospital for the treatment
of the enlarged tumor and concomitant refractory communi-
cating hydrocephalus. 

Neurological examination revealed mild consciousness
disturbance, Bruns nystagmus, right facial sensory distur-
bance, right facial palsy (House–Brackmann grade II), right
ear deafness, and gait disturbance. An MR scan showed fur-
ther exacerbated ventriculomegaly and enlarged tumor with
the development of necrosis ( Fig. 3 A-C). The tumor was com-
pressing the brain stem, and the fourth ventricle was shifted
but was not fully obstructed (Koos grade IV). To manage the
hydrocephalus, we urgently performed external ventricular
drainage. The ICP was 25 cm H 2 O, and the CSF protein level
collected from the drainage tube was 322 mg/dL. ( Fig. 4 ) 

Two weeks after, we performed surgical removal of the
tumor via retrosigmoid approach. The arachnoid was thick-
ened and partly yellow ( Fig. 5 A), and the tumor was gray-
ish, soft, and hemorrhagic ( Fig. 5 B). Subtotal tumor resec-
tion was performed except for anchoring of central nerve VII
( Fig. 5 C), and the external ventricular drainage system was re-
moved. Histopathological analysis revealed a necrotic region,
microvascular proliferations, and hemosiderosis in the tumor
tissues ( Fig. 5 D-G). 

On day 1 postoperatively, the symptoms of hydrocephalus
did not improve immediately and computed tomography
showed ventricular size was almost no change ( Fig. 6 A); the
ICP was 45 cm H 2 O and the CSF protein level was 155 mg/dL
by lumbar puncture ( Fig. 4 ). However, the ICP and CSF protein
level gradually decreased by repeated lumbar puncture, and
her symptoms gradually improved ( Fig. 4 ). Her consciousness
became clear and she walked steadily. She was discharged 24
days after the surgery without a shunt procedure. At the 5-
tic resonance images. At the time of the first admission, it 
ght internal auditory canal accompanying mild 

ar schwannoma. 
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Fig. 2 – (A–C) At the 5 months after radiation, axial gadolinium-enhanced T1-weighted magnetic resonance images 
demonstrated moderate tumor growth about 30 mm with central necrosis, and with slightly more ventricular enlargement. 
(D and E) At the 5 months after radiation, axial fluid-attenuated inversion recovery magnetic resonance imaging confirmed 

that there was no periventricular hyperintensity area. 

Fig. 3 – (A-C) Axial gadolinium-enhanced T1-weighted magnetic resonance images. When the patient was referred to our 
hospital, it revealed further exacerbated ventriculomegaly and tumor expansion to about 35 mm with the development of 
necrosis. The tumor was compressing the brain stem and shifting the fourth ventricle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

month follow-up, she had no symptoms, and the ventricle size
decreased throughout the follow-up period on computed to-
mography findings. ( Fig. 6 B) 

Discussion 

We have reported a case of refractory communicating hydro-
cephalus after GKRS for small vestibular schwannoma with
asymptomatic ventriculomegaly on the preoperative images.
For the enlarged tumor and refractory hydrocephalus after
GKRS, we performed surgical removal of the tumor as the
definitive treatment. Hydrocephalus was gradually improved
and finally resolved on the both clinically and radiographically
after tumor removal without shunt placement. 

The incidence of hydrocephalus for vestibular schwan-
noma ranges from 3.7% to 18.0% of cases [5–7] , and 3.0% to
14.0% of cases after GKRS [ 2 ,3 ,8–10 ]. GKRS has become a pop-
ular primary treatment option for small vestibular schwan-
noma up to approximately 25 mm in diameter. However the
risk of developing hydrocephalus after GKRS might be high.
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Fig. 4 – This diagram shows the perioperative intracranial 
pressure (ICP; black dot) and cerebrospinal fluid protein 

level (white square). First, the protein level gradually 

decreased; the ICP slightly decreased thereafter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pathogenesis of the development of hydrocephalus af-
ter treatment is not yet fully understood. Three potential
mechanisms have been suggested, namely, compression of
the fourth ventricle, protein shedding by a tumor necrosis
and plugging of arachnoid granulation resulting in malabsorp-
tion, and alterations of CSF flow dynamics in basilar cisterns
[ 2 ,5 ,7 ,11 ,12 ]. In our case, communicating hydrocephalus was
exacerbated and become refractory after radiation by increas-
ing the CSF protein. Therefore, GKRS may exacerbate these
events. 

Previous reports have suggested that the risk factors for
developing hydrocephalus are the tumor volume [ 3 ,10 ], Koos
grade [10] , female sex [ 2 ,3 ], and the apparent diffusion coeffi-
cient (ADC) value of the tumor [1] . A large tumor with a high
Koos grade causes not only obstructive hydrocephalus but also
communicating hydrocephalus. Frischer et al reported the risk
of hydrocephalus was 0.6% for patients with Koos grade II neu-
romas, 2.8% for those with Koos grade III, and 9.1% for those
with Koos grade IV [10] . The CSF protein concentration is cor-
related with the development of hydrocephalus, as is the tu-
mor size [4] . Also, the mean ADC value of the tumor were re-
lated to the association of hydrocephalus [1] . They described
that the cut-off for the tumor ADC value according to the re-
ceiver operating characteristic curve analysis was 1.35 × 10
mm-3 mm 

2 /s. In our case, the tumor rapidly increased from
20 to 35 mm in 5 months, the tumor deformed the brain stem
and shifted the fourth ventricle (Koos grade IV), and the pa-
tient was female and the mean ADC value of the tumor was
1.52 × 10 −3 mm 

2 /s; therefore, the risk of hydrocephalus was
high. We propose that tumor removal, not GKRS, should be
considered in patients with a vestibular schwannoma accom-
panied by risk factors for developing hydrocephalus, even if
the tumor is relatively small and the patient is asymptomatic.

Most case reports have indicated that a shunt procedure
is the preferred treatment for communicating hydrocephalus
due to a vestibular schwannoma [5] . In another study, patients
with communicating hydrocephalus after GKRS for a vestibu-
lar schwannoma who underwent a shunt procedure gener-
ally had a good clinical course [ 3 ,13 ]. The incidence of hy-
drocephalus due to a vestibular schwannoma after tumor re-
moval reportedly ranges from 0.40% to 0.68% of cases [ 8 ,14 ].
That is, tumor removal is known to not always resolve hy-
drocephalus, and shunt procedure may be required [15] . How-
ever, our patient developed shunt dysfunction twice and tu-
mor enlargement, so we performed tumor removal. In previ-
ous reports, patients with preoperative hydrocephalus usually
underwent a shunt procedure within about 1 week after tu-
mor removal [16] . The use of repeated lumbar puncture with
the intention to avoid the need for a shunt, although is not a
widespread practice, it is a long-known strategy. In the present
case, we could avoid a shunt procedure by repeated lumbar
puncture in the early period after tumor removal. The CSF
protein concentration decreased and the ICP improved within
several days. Her symptoms gradually improved. Therefore,
we propose that surgical removal of a vestibular schwannoma
should be considered as an optimal strategy for refractory
shunt dysfunction. Hydrocephalus after tumor removal can
be managed by repeated lumbar puncture in the early post-
operative days before considering shunt placement. 
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Fig. 5 – An intraoperative finding showed that (A) the arachnoid was thickened and partly yellow (arrow) and (B) the tumor 
was grayish, soft, and hemorrhagic (arrow). (C) Postoperative axial gadolinium-enhanced T1-weighted magnetic resonance 
images confirmed subtotal resection of the tumor (arrow head) except for anchoring of central nerve VII. Histological 
microphotographs showed the typical pattern of a schwannoma with (D) palisading nuclei (hematoxylin and eosin (H&E) 
stain, ×400), (E) necrosis (arrow, H&E stain, ×40), (F) vascular proliferation (H&E stain, ×100), and (G) hemosiderosis (arrow, 
H&E stain, ×100). 
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Fig. 6 – Axial computed tomography scan was performed 

on postoperative days 1 (A) and 155 (B). The ventricle size 
decreased throughout the follow-up period. 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

Communicating hydrocephalus can be exacerbated and be-
come refractory after radiation for vestibular schwannoma by
increasing the CSF concentration. Surgical removal of the tu-
mor should be considered as the first option for the treatment,
even if the patient is asymptomatic and the images revealed
a small vestibular schwannoma with only slight ventricular
enlargement. 

R E F E R E N C E S  

[1] Taniguchi M, Nakai T, Kohta M, Kimura H, Kohmura E. 
Communicating hydrocephalus associated with 

small-to-medium-sized vestibular schwannomas: clinical 
significance of the tumor apparent diffusion coefficient map.
World Neurosurg 2016;94:261–7. 
doi: 10.1016/j.wneu.2016.07.012 .

[2] Cauley KA, Ratkovits B, Braff SP, Linnell G. Communicating 
hydrocephalus after gamma knife radiosurgery for vestibular
schwannoma: an MR imaging study. AJNR Am J Neuroradiol 
2009;30(5):992–4. doi: 10.3174/ajnr.A1379 .

[3] Han JH, Kim DG, Chung HT, Paek SH, Park CK, Kim CY, et al. 
The risk factors of symptomatic communicating 
hydrocephalus after stereotactic radiosurgery for unilateral 
vestibular schwannoma: the implication of brain atrophy. Int
J Radiat Oncol Biol Phys 2012;84(4):937–42. 
doi: 10.1016/j.ijrobp.2012.01.048 .

[4] Fukuda M, Oishi M, Kawaguchi T, Watanabe M, Takao T, 
Tanaka R, et al. Etiopathological factors related to 
hydrocephalus associated with vestibular schwannoma. 
Neurosurgery 2007;61(6):1186–92 discussion 1192-1193. 
doi: 10.1227/01.neu.0000306096.61012.22 .

[5] Pirouzmand F, Tator CH, Rutka J. Management of 
hydrocephalus associated with vestibular schwannoma and 

other cerebellopontine angle tumors. Neurosurgery 
2001;48(6):1246–53 discussion 1253-1254. 
doi: 10.1097/00006123- 200106000- 00010 .

[6] Tanaka Y, Kobayashi S, Hongo K, Tada T, Sato A, Takasuna H. 
Clinical and neuroimaging characteristics of hydrocephalus 
associated with vestibular schwannoma. J Neurosurg 
2003;98(6):1188–93. doi: 10.3171/jns.2003.98.6.1188 .

[7] Briggs RJ, Shelton C, Kwartler JA, Hitselberger W. 
Management of hydrocephalus resulting from acoustic 
neuromas. Otolaryngol Head Neck Surg 1993;109(6):1020–4. 
doi: 10.1177/019459989310900608 .

[8] Jeon CJ, Kong DS, Nam DH, Lee JI, Park K, Kim JH. 
Communicating hydrocephalus associated with surgery or 
radiosurgery for vestibular schwannoma. J Clin Neurosci 
2010;17(7):862–4. doi: 10.1016/j.jocn.2009.12.004 .

[9] Rogg JM, Ahn SH, Tung GA, Reinert SE, Noren G. Prevalence of
hydrocephalus in 157 patients with vestibular schwannoma. 
Neuroradiology 2005;47(5):344–51. 
doi: 10.1007/s00234- 005- 1363- y .

[10] Frischer JM, Gruber E, Schoffmann V, Ertl A, Hoftberger R, 
Mallouhi A, et al. Long-term outcome after Gamma Knife 
radiosurgery for acoustic neuroma of all Koos grades: a 
single-center study. J Neurosurg 2018;2:1–10. 
doi: 10.3171/2017.8.JNS171281 .

[11] Gardner WJ, Spitler DK, Whitten C. Increased intracranial 
pressure caused by increased protein content in the 
cerebrospinal fluid; an explanation of papilledema in certain 

cases of small intracranial and intraspinal tumors, and in 

the Guillain-Barre syndrome. N Engl J Med 

1954;250(22):932–6. doi: 10.1056/NEJM195406032502202 .
[12] Steenerson RL, Payne N. Hydrocephalus in the patient with 

acoustic neuroma. Otolaryngol Head Neck Surg 
1992;107(1):35–9. doi: 10.1177/019459989210700106 .

[13] Mohammed TA, Ahuja MS, Ju SS, Thomas J. Normal pressure 
hydrocephalus after gamma knife radiosurgery for vestibular
schwannoma. J Postgrad Med 2010;56(3):213–15. 
doi: 10.4103/0022-3859.68634 .

[14] Whitmore RG, Urban C, Church E, Ruckenstein M, Stein SC, 
Lee JY. Decision analysis of treatment options for vestibular 
schwannoma. J Neurosurg 2011;114(2):400–13. 
doi: 10.3171/2010.3.JNS091802 .

[15] Bailo M, Boari N, Franzin A, Gagliardi F, Spina A, Del 
Vecchio A, et al. Gamma knife radiosurgery as primary 
treatment for large vestibular schwannomas: clinical results 
at long-term follow-up in a series of 59 patients. World 

Neurosurg 2016;95:487–501. doi: 10.1016/j.wneu.2016.07.117 .
[16] Prabhuraj AR, Sadashiva N, Kumar S, Shukla D, Bhat D, 

Devi BI, et al. Hydrocephalus associated with large vestibular
schwannoma: management options and factors predicting 
requirement of cerebrospinal fluid diversion after primary 
surgery. J Neurosci Rural Pract 2017;8:S27–32. 
doi: 10.4103/jnrp.jnrp _ 264 _ 17 .

https://doi.org/10.1016/j.wneu.2016.07.012
https://doi.org/10.3174/ajnr.A1379
https://doi.org/10.1016/j.ijrobp.2012.01.048
https://doi.org/10.1227/01.neu.0000306096.61012.22
https://doi.org/10.1097/00006123-200106000-00010
https://doi.org/10.3171/jns.2003.98.6.1188
https://doi.org/10.1177/019459989310900608
https://doi.org/10.1016/j.jocn.2009.12.004
https://doi.org/10.1007/s00234-005-1363-y
https://doi.org/10.3171/2017.8.JNS171281
https://doi.org/10.1056/NEJM195406032502202
https://doi.org/10.1177/019459989210700106
https://doi.org/10.4103/0022-3859.68634
https://doi.org/10.3171/2010.3.JNS091802
https://doi.org/10.1016/j.wneu.2016.07.117
https://doi.org/10.4103/jnrp.jnrp_264_17

	Refractory communicating hydrocephalus after radiation for small vestibular schwannoma with asymptomatic ventriculomegaly: A case report
	 Introduction
	 Case report
	 Discussion
	 Conclusion
	 References


