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Abstract

Background Cerebrospinal fluid (CSF) protein levels are
known to increase in patients with vestibular schwannomas
(VS) with concomitant hydrocephalus, however the only
information available on perioperative changes in CSF in
these patients comes from case reports. Here, we investigat-
ed the relation between CSF protein and hydrocephalus in a
large series of patients undergoing resection of VS.
Method We classified 376 patients undergoing resection for
VS at our institute into two groups, namely VS and no
hydrocephalus (control, =319) and VS with concomitant
hydrocephalus (n=57), and compared clinical parameters.
Among the 57 patients diagnosed with hydrocephalus, hy-
drocephalus status was examined by lumbar puncture in 20
patients with communicative hydrocephalus, and pre- and
postoperative scores in CSF properties were compared.
Results Patients in the hydrocephalus group were signifi-
cantly older than those in the control group (mean, 55.8 vs.
43.8 years), and had a longer disease duration (median, 76
vs. 12 months), larger tumors (median, 15.6 vs. 5.5 ml), and
a higher protein concentration in CSF (median, 147.3 vs.
65.1 mg/dl). Perioperative CSF samples of hydrocephalus
patients showed a significantly decrease in cerebrospinal
pressure after tumor removal (median, -75mmH20),
followed by a decrease in CSF protein (median, -
74.5 mg/dl). No patients required the placement of a shunt.
Conclusions Extended disease duration and elevated CSF
protein secondary to the presence of a tumor contribute to
the occurrence of hydrocephalus. Primary maximal tumor
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removal for VS with coexisting hydrocephalus avoids an
unnecessary shunt.
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Introduction

Vestibular schwannomas (VS) coexisting with hydrocepha-
lus account for 3.7-18 % of all cases of VS. Communicative
hydrocephalus is more frequent than obstructive hydroceph-
alus in these VS patients [1, 5-7, 19, 22, 25].

Obstructive hydrocephalus results from obstruction of the
4th ventricle or cerebral aqueduct by the mass effect of the
tumor and accompanying disruption of cerebrospinal fluid
(CSF) flow. Communicative hydrocephalus is reported to
result from a number of mechanisms, either alone or in
combination, including obstruction of CSF absorption at
the arachnoid granulation by protein leakage from the tu-
mor; a decrease in intracranial compliance due to adhesion
of the subarachnoid space; meningeal adhesion due to minor
hemorrhage from the tumor; and CSF malabsorption, likely
due to tumor cells and high fibrinogen concentration in the
CSF [7, 13]. However, the cause of communicative hydro-
cephalus associated with VS has not been described.

Hydrocephalus associated with VS is reported to be im-
proved after adequate tumor resection, and recent opinion notes
that hydrocephalus associated with VS is treatable by primary
tumor resection alone, without the need for a CSF shunt [1, 8,
13, 19]. Although the CSF protein level is known to increase in
hydrocephalus, perioperative changes in CSF in patients with
VS-associated hydrocephalus have not been characterized, ex-
cept for in several case reports [3, 6, 7, 13, 22].

Since 2004, we have routinely treated patients with hy-
drocephalus associated with VS by primary tumor resection
without CSF shunt surgery or 3rd ventriculostomy. Several
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patients with schedule-restricted surgeries were treated
by lumbar drainage or external ventricular drainage.
Here, we report the relation between CSF protein level
and hydrocephalus in these patients, and the improvement in
hydrocephalus and CSF properties.

Materials and methods

Between August 2007 and March 2012, 405 patients with
VS underwent surgery for tumor resection at Tokyo Metro-
politan Police Hospital. Among these patients, 29 were
excluded due to VS of neurofibromatosis type 2 (14 cases);
placement of a ventriculoperitoneal shunt at a different
hospital (two cases); difficulty in obtaining CSF for any
reason (nine cases); and limitation of the tumor to the
internal auditory meatus (four cases). The remaining 376
patients were classified into two groups (control, VS with no
hydrocephalus n=319 (84.8 %); hydrocephalus group, VS
with hydrocephalus, n=57 (15.2 %)) and their clinical pa-
rameters were compared with regard to sex, age, disease
duration, tumor size, CSF protein, consistency of tumor on
magnetic resonance imaging (MRI), and tumor resection
rate. Further, in 20 of the 57 patients with hydrocephalus
whose hydrocephalus status was checked by lumbar punc-
ture, we also compared perioperative changes in cerebrospi-
nal pressure, CSF protein, CSF sugar, and CSF chloride.

Tumor size was measured on MRI images (Achieva 1.5
and 3 Tesla; Philips, Amsterdam, Netherlands) using commer-
cially available software (Centricity PACS; GE Healthcare,
Little Chalfont, UK). Tumor diameter was measured in milli-
meters in a plane parallel to the pyramidal bone, perpendicular
to the pyramidal bone on axial MRI images, and vertically on
coronal MRI images, and tumor volume was calculated (ml).
Disease duration of tumors was defined as the period from the
development of initial symptoms to the correct diagnosis of
VS; this datum was treated as a missing value in patients
whose tumors were found incidentally and in those whose
onset of initial symptoms was not accurately known. Tumor
consistency was classified into two types by MRI findings, a
solid type consisting entirely of a solid component, and cystic
type which included a cystic component. Several surgical
approaches were employed, namely the lateral suboccipital
approach in 371 cases, middle fossa approach in two, and
translabyrinthine approach in three. Hydrocephalus was eval-
uated on CT images of the head using the Evans index, the
ratio of the maximal width of the frontal horns to the maximal
diameter of the inner table of the skull at the same level, with a
ratio of 0.3 or greater defined as hydrocephalus.

CSF was obtained from the cerebellomedullary cistern or
cisterna magna intraoperatively after dural incision. In this
procedure, a 5-ml syringe with the external cylinder of a 20-
gauge indwelling needle was used to withdraw the CSF sample
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under vacuum pressure immediately after opening the
cerebellomedullary cistern or cisterna magna, with care taken
to avoid contamination with blood. We also evaluated the shape
of the 4th ventricle and aqueduct on MRI images, and classified
cases showing any obstruction to the passage of CSF as ob-
structive hydrocephalus. Since 2009, we have performed lum-
bar puncture and obtained a CSF sample both before and 2 or
3 weeks after tumor resection surgery for patients with VS with
communicative hydrocephalus with the consent of patients.
Perioperative lumbar puncture was performed in the lateral
position and cerebrospinal pressure was measured at rest. Ob-
structive hydrocephalus patients were excluded to avoid tonsil-
lar herniation. This study was approved by the institutional
review board (IRB) of Tokyo Metropolitan Police Hospital.

Statistical analysis

Variables were analyzed by the Chi-squared test, Mann—
Whitney test and Spearman’s rank correlation coefficient,
and those in subgroup analysis by Wilcoxon signed-rank
sum test and the paired ¢ test. All analyses were conducted
using SPSS version 11 (SPSS INC. Chicago, IL USA).

Results

On comparison of clinical parameters with the control
group, patients in the hydrocephalus group was significantly
older and had a longer disease duration, larger tumors, and
higher protein concentration in the CSF (Table 1). Results
showed a significant correlation between tumor size and
CSF protein level (r=0.70, p<0.01) (Fig. 1).

Table 1 Patient characteristics

Control Hydrocephalus
group
No. of patients 319 57
Sex (male/female) 136/183 26/31
Mean age in years, £SD 43.8+12.1 55.8+12.3*
Median disease duration in 12 (1-276) 76 (1-300)*

months (range)

Median tumor size in milliliter 5.5 (0.2-—41.8) 15.6 (2.5-53.5)*

(range)

Median CSF* protein in mg/dl ~ 65.1 (11-601) 147.3 (29.6-708.2)*
(range)

Tumor consistency (S/C)° 197/122 29/28

Mean tumor resection rate, +SD 97.8+3.2 96.2+4.7*

Control, group without hydrocephalus; hydrocephalus group, group
with hydrocephalus

*CSF: cerebrospinal fluid

S, tumor consists of a solid component only; C, tumor includes a
cystic component

#p<0.01
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Fig. 1 Correlation between CSF protein level and tumor size in the
two groups. Tumor size and CSF protein level were strongly correlat-
ed, and tumor size and CSF protein level were significantly correlated
(correlation coefficient 0.70, p<0.01)

Subgroup analysis

Thirty-one (54.3 %) of the 57 patients with hydrocephalus had
symptoms of hydrocephalus. Symptoms improved after sur-
gery in all 31 cases, and no patient required placement of a
shunt. Evaluation of hydrocephalus status at a mean of 4.0+
1.4 months after surgery showed a mild decrease in the Evans
index, from 0.3540.03 to 0.32+0.03 (»<0.01) (Fig. 2).
Perioperative CSF samples were obtained by lumbar tap
and suction from the cerebellomedullary cistern in 20 of the
57 patients with hydrocephalus (Table 2). Among them,
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Fig. 2 Perioperative change in the Evans index. The Evans index
significantly decreases after tumor removal (p<0.01)

perioperative cerebrospinal pressure was less than 15 mmH,0
in five cases (25 %), between 15 and 20 mmH,O in 5 (25 %),
and greater than 20 mmH,O in 10 (50 %), demonstrating a
trend towards higher-than-normal levels. Cerebrospinal pres-
sure decreased after tumor removal (median -75 mmH20, p<
0.01) (Fig. 3a), as did CSF protein (median —74.5 mg/dl, p<
0.01) (Fig. 3b). In contrast, CSF sugar and chloride showed no
significant perioperative changes (Fig. 3c, d). Among all 57
cases, tumor removal rate was greater than 95 % in 50
(87.7 %) cases, from 90 to 95 % in three (5.3 %) cases, and
less than 90 % in four (7.0 %) cases.

No significant difference in CSF protein level was seen
between CSF obtained before tumor removal by lumbar tap
and that obtained from the cerebellomedullary cistern
during resection (162.1+113.0 mg/dl vs. 162.5+
125.7 mg/dl, p>0.05).

Discussion

In this study, we confirmed that primary maximal tumor
removal for VS with coexisting hydrocephalus can avoid the
necessity of a CSF shunt. Patients with hydrocephalus were
older and had larger tumors and significantly higher CSF
protein levels than control patients. The efficacy of surgery
for tumor removal in VS with coexisting hydrocephalus was
confirmed by the finding of a perioperative decrease in cere-
brospinal pressure and CSF protein. These findings indicate
that an extended disease duration and elevated CSF protein
secondary to the presence of the tumor contribute to the
occurrence of communicative hydrocephalus.

Among a total of 376 patients with VS in this series, 57
(15 %) had concomitant hydrocephalus. Although 45 (79 %)
of these were diagnosed with communicative hydrocephalus
and 12 (21 %) with obstructive hydrocephalus, a definitive
diagnosis was not usually possible because we did not
perform a flow study of CSF, and some cases diagnosed as
obstructive hydrocephalus may in fact have had character-
istics of communicative hydrocephalus.

Results indicated that VS patients with hydrocephalus
were significantly older than those without hydrocephalus,
and had a longer disease duration, larger tumors, and a
higher CSF protein concentration. These findings are con-
sistent with those of previous studies [1, 7, 8, 19-22, 25,
27]. Distribution was highest in those in their 40s in the
control group, and in those in their 50s and 60s in the
hydrocephalus group. This age distribution of hydrocepha-
lus towards older patients is considered due to the decreased
ability of aged patients to absorb CSF, which results from
the proliferation of arachnoid cells even when protein levels
in CSF are only mildly increased, and longer disease dura-
tion [25]. In the present study, patients with hydrocephalus
were significantly older and had a longer disease duration
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Table 2 Characteristics of 20
patients who underwent lumbar
puncture before and after

surgery

4CSF: cerebrospinal fluid

Pre-op Post-op
No. of patients presenting the symptoms of hydrocephalus 15 0
Mean Evans index, £SD 0.36+0.03 0.33+0.03*
Mean CSF? pressure in mmH20, +SD 20.4+6.9 12.6+£3.6*
Median CSF protein in mg/dl (range) 126.2 (35-546.6) 35.5 (7.4-146.5)*
Median CSF sugar in mg/dl (range) 67 (51-121) 67 (55-143)
Mean CSF chloride in mEq/l, £SD 122.242.3 120.1£3.6

£p<0.01

than controls. Nevertheless, the finding of young patients
with this condition appears to discount the theory that most
patients with hydrocephalus are elderly as a result of aging-
dependent adhesion of the arachnoid.

In this study, hydrocephalic symptoms improved after
surgery in all 31 patients and no patient required a perma-
nent CSF shunt, although two patients required transient
CSF drainage to control symptoms. One patient underwent
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Fig. 3 Perioperative change in pressure of CSF, CSF protein, CSF

sugar, and chloride. A: cerebrospinal pressure measured by lumbar
puncture showed a significant postoperative decrease (p<0.01). B:
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lumbar drainage before surgery and another patient received
external ventricular drainage after surgery. We therefore
concluded that tumor resection should be conducted first,
and that doing so should obviate the need for unnecessary
shunt placement.

Among studies reporting that tumor excision contributes
to the improvement of hydrocephalus associated with VS [1,
5, 8, 13, 19, 25], the incidence of patients who required
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CSF protein level showed a significant decrease (p<0.01) after tumor
resection. C and D: no significant perioperative differences were seen
in CSF sugar or chloride levels
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shunt placement after tumor removal ranged from 3.8 % to
29.2 % [8, 19, 25]. In the present study, the high tumor
removal rate may have contributed to the control of hydro-
cephalus, with greater than 95 % resection in 50 cases
(87.7 %), 90-95 % in three (5.3 %), and less than 90 % in
four (7.0 %). The 4th ventricle and cerebral aqueduct were
clearly visualized on MRI images, and symptoms were
improved after tumor resection in all cases.

Several studies have reported hydrocephalus secondary
to procedures using gamma knife for VS [6, 11, 15]. Gamma
knife procedures may exacerbate hydrocephalus in cases
with a previously enlarged ventricle. Considering the possi-
bility of complications with a CSF shunt, we consider that
primary tumor resection is the first choice of hydrocephalus
associated with VS, even in aged patients.

Several theories have been proposed to explain the mech-
anism of hydrocephalus associated with VS, including ob-
struction of absorption of CSF at the arachnoid granulation
by protein leakage from the tumor; adhesion of the subarach-
noid space causing a decrease in intracranial compliance;
malabsorption of CSF due to tumor-induced arachnoiditis;
meningeal adhesions due to recurrent tumor bleeding; and
malabsorption due to tumor cells and a high fibrinogen
concentration in CSF [7, 13, 22]. No definitive explanation
has yet been proposed, however.

Several recent studies have reported that CSF protein levels
are elevated in patients with VS and concomitant hydroceph-
alus [3, 6, 7, 13, 22], and the theory that elevated CSF protein
obstructs the absorption of CSF at the arachnoid granulation is
widely accepted. Spinal tumors, consisting mainly of
schwannomas and gliomas, are also associated with hydro-
cephalus, and we consider that the mechanism of this hydro-
cephalus is the same as that with VS, on the basis that CSF
protein level is similarly elevated to that with VS, and because
the hydrocephalus improves after tumor resection. These
studies reported that glioma-associated hydrocephalus re-
quires CSF shunting after tumor removal in all cases due to
the dissemination of tumor cells, a finding that does not occur
with spinal schwannoma [24]. Several studies reported that
elevated CSF protein obstructs absorption of CSF, and that
spinal tumors decrease compliance of the caudal spinal por-
tion, which in turn decreases overall compliance of the CSF
space [16, 17, 24]. Against this, however, malabsorption of
CSF at the arachnoid granulations does not explain enlarge-
ment of the ventricles without dilatation of the subarachnoid
space; nor does it explain normal pressure hydrocephalus,
given that obstruction at the arachnoid granulations should
increase intracranial pressure. Further, CSF protein levels
were not particularly high in some of our patients with hydro-
cephalus, but were relatively high in some patients in the
control group (Table 1). Greitz et al. therefore consider that
enlargement of the ventricles cannot simply be explained by
reference to disturbed absorption at the arachnoid granulations

alone without dilatation of the subarachnoid space [9]. Protein
levels in CSF obtained from the cerebellomedullary cistern
were significantly higher in the communicative hydrocepha-
lus group than in the controls. Preoperative cerebrospinal
pressure with communicative hydrocephalus was somewhat
higher than normal, at greater than 200 mmH,O in ten cases
(50 %), from 150 to 200 mmH,O in five (25 %), and less than
150 mmH,O0 in five (25 %). A number of these cases (n=10)
were categorized as normal-pressure hydrocephalus.

Postoperative lumbar puncture showed a significant de-
crease in cerebrospinal pressure and CSF protein below nor-
mal in all cases (Fig. 3a). Thirty-one (54.3 %) of the 57
patients with hydrocephalus had symptoms of hydrocephalus,
all of whom experienced a postoperative improvement in
symptoms and significant shrinkage of ventricular size. This
finding indicates a relationship between ventricular enlarge-
ment and increased CSF protein. Regarding the temporal
relationship of these two findings, we speculate that protein
elevation precedes ventricular enlargement, on the basis that
median CSF protein of the control group was slightly higher
(65.1 mg/dl) than normal. With regard to mechanism, protein
elevation in CSF is considered due to protein leakage from the
tumor or produced by the tumor [2, 4]. The strong correlation
between CSF protein and tumor size indicates that enlarge-
ment of the tumor is a factor in increased CSF protein.

The circulation theory describes the dynamic state of
CSF circulation and is now widely accepted. This theory
states that CSF is produced mainly by the choroid plexus
and then flows through the ventricles along specific path-
ways to the subarachnoid space where it is absorbed through
Pacchionian granulations into venous sinuses. In recent
years, however, accumulating evidence has suggested that
the cerebral parenchyma is permeable and exchanges water
with the vascular system via aquaporin 4 (AQP4) channels
[9, 12, 18]. The AQP4 channel is a membrane protein that
promotes the transfer of water by an osmotic pressure gra-
dient, and is expressed on ependymal cells lining the lateral
ventricles, the end feet of astrocytes that contact
microvessels, and endothelial cells of capillary vessels [10,
23, 26]. Elevation of intraventricular osmotic pressure
causes water movement into the ventricles, resulting in their
enlargement [14]. We speculate that the osmotic pressure
gradient is enlarged by elevation of CSF protein, which then
increases water movement from the brain parenchyma to
ventricles via AQP4 channels to thereby result in ventricular
enlargement. The osmotic pressure gradient decreases after
tumor removal, suppressing water movement into the ven-
tricles and thereby improving the hydrocephalus.

Several limitations of this study warrant mention. First,
CSF protein was not analyzed. Investigation of the consis-
tency of CSF protein would help answer why CSF protein
increases in VS. Second, as a clinical study, we did not
investigate the mechanism of occurrence of communicative
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hydrocephalus. A more comprehensive understanding of
this mechanism requires additional research.

Conclusions

We demonstrated the efficacy of tumor resection in VS with
concomitant hydrocephalus by examining perioperative de-
creases in cerebrospinal pressure and CSF protein. Our pa-
tients with hydrocephalus were older than the control group,
and had larger tumors and significantly higher CSF protein
levels. We consider that an extended disease duration and
elevated CSF protein levels secondary to the presence of the
tumor contribute to the occurrence of hydrocephalus. Primary
maximal tumor resection in VS with concomitant hydroceph-
alus avoids an unnecessary CSF shunt.
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