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Abstract Object: The authors ana-
lyze the factors that predispose to
persistent hydrocephalus in children
with posterior fossa tumors and com-
pare their results and treatment poli-
cy with those described in the litera-
ture, particularly with regard to the
higher postoperative shunt insertion
rates, which have led some authors
to the routine use of preoperative
third ventriculostomy. Methods: The
clinical records of 180 children treat-
ed for posterior fossa tumors in the
Department of Pediatric Neurosur-
gery of the National Institute of Neu-
rosurgery, Budapest, Hungary, be-
tween 1990 and 2000 were retro-
spectively reviewed. Conclusions:
The low postoperative shunt inser-

tion rate in our series (15.5%) led us
to believe that the routine use of pre-
operative third ventriculostomy is
not entirely justified. Factors such as
patient’s age and tumor type, which
showed a statistically significant as-
sociation with the postoperative
shunt requirement in our study,
should be considered when the deci-
sion regarding treatment is made.
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Introduction

It is well known that children with posterior fossa tumors
are predisposed to hydrocephalus [19]. A proportion of
the patients will require a CSF diversion procedure at
some time during the course of their illness. However,
the management of hydrocephalus in children with re-
sectable posterior fossa tumors is controversial [20].
Some authors advocate preoperative shunts [1, 2, 14],
but it is also reported that the insertion of a shunt in the
presence of a posterior fossa neoplasm can lead to up-
ward herniation and hemorrhage into the tumor [5, 11,
12], and to metastases in the peritoneal cavity [6]. Others
recommend external ventricular drainage (EVD) [8, 11,
15,17, 18].

In the last decade, neuroendoscopy became a routine
surgical tool in the hands of pediatric neurosurgeons [7,
9]. A recent study by Sainte-Rose et al. reports the rou-

tine use of preoperative third ventriculostomy in patients
with triventricular hydrocephalus due to space-occupy-
ing lesions of the posterior fossa [16].

In the Department of Pediatric Neurosurgery of the
National Institute of Neurosurgery, Budapest, Hungary,
we treat patients with posterior fossa tumors by carrying
out early surgery, which means direct excision of the tu-
mors, possibly followed by third ventriculostomy or
VCSF shunt placement in cases of persistent hydroceph-
alus. Preoperatively we use dehydration without steroids
and, if needed in an emergency, EVD.

In the present study we analyze the factors that pre-
dispose to persistent hydrocephalus and present our post-
operative shunt insertion rate. We excluded those few pa-
tients who had undergone a CSF shunting procedure pre-
operatively.
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Patients and methods

After excluding 6 shunted patients and 2 patients having under-
gone endoscopic third ventriculostomy preoperatively, we retro-
spectively reviewed the clinical records of 180 pediatric patients
who were operated on because of resectable posterior fossa tumors
in our department between January 1990 and December 2000. The
ages ranged from 3 months to 16 years. The mean was 7.4 years
and the median was 7 years. The majority of children were boys
(57%) and all of the patients underwent preoperative CT and/or
MRI. The radiological reports were reviewed. The extent of tumor
removal was determined according to the operation notes and the
postoperative imaging. The number and timing of EVD, ventric-
ulo-peritoneal shunts and endoscopic third ventriculostomies were
noted. We recorded all the postoperative complications that could
be related to CSF circulation disorders. The duration of follow-up
ranged from 1 to 12 years, with a mean of 6.5 years.

The ratios of children requiring postoperative shunts or endo-
scopic third ventriculostomies in different subgroups were com-
pared using the Fisher’s exact test. Relative risks (RR) and the
corresponding 95% confidence intervals (CI) were also calculated.
Statistical correction for multiple comparisons was not applied.

Results

Hydrocephalus on admission CT and/or MR scan was
documented in 137 patients (76%). In 129 patients (94%
of hydrocephalus group) it was associated with the
symptoms or clinical signs of raised ICP. Seven out of
the 43 patients without preoperative hydrocephalus de-
veloped hydrocephalus postoperatively. Histologically,
astrocytoma was the most common tumor (41%, n=74),
followed by medulloblastoma (39%, n=71), ependymo-
ma (11%, n=19) and others (8%, n=16).

Twelve shunts (6.7%) out of180 were inserted within
the first 6 postoperative weeks after primary posterior fos-
sa tumor surgery and there were 16 (8.9%) late shunt re-
quirements (between 2 and 83 months). Eight of these 16
patients who had late shunt requirement underwent shunt
insertion as a treatment for hydrocephalus due to local tu-
mor recurrence. One of these 8 children was shunted with-
out tumor resection due to non-resectable tumor recur-
rence, and 7 patients were reoperated for tumor resection.
Shunting occurred before (2 patients) or after (5 patients)
the resection. We noted 8 other late shunt requirements.
Two of these children developed tumor recurrence some
years after the late shunting procedure and were operated.

On these grounds we distinguish three categories of
postoperative shunts:

1. Direct primary postoperative shunts: 12 (6.7%)
2. Shunts due to tumor recurrence: 8 (4.4%)
3. Other late shunts: 8 (4.4%)

The 28 definitive postoperative CSF drainage procedures
(15.5%), simply called shunts, comprised 26 VP shunts
and 2 endoscopic third ventriculostomies (1 late). The
low number of endoscopic procedures was connected
with the instrumentation that was regularly available in
only the last 2 years of the period examined.

Table 1 Group of patients with “other late shunts”

Patient’s age ~ Period between Histopathological
(years) tumor removal and diagnosis

shunt placement

(months)
6 3 Medulloblastoma
9 13 Astrocytoma
6 2 Medulloblastoma
7 10 Glioblastoma
3 6 Medulloblastoma
6 11 Medulloblastoma
2 34 Plexus choroid carcinoma
3 83 Astrocytoma

Twenty-seven patients (27/180=14.9%) underwent
EVD: 13 preoperatively (8.3%), 2 intraoperatively (1%),
and 12 postoperatively (6.7%). Eleven out of the 27 had
a postoperative shunt.

The definitive postoperative CSF drainage procedure
(VP shunt or endoscopic third ventriculostomy) require-
ment was analyzed in the various groups of patients di-
vided into different categories. This analysis was per-
formed on direct primary postoperative shunts (1st cate-
gory), shunts due to tumor recurrence (2nd category),
and other late shunts (3rd category).

The mean age of patients requiring postoperative
shunts was lower (5.3 years) than those who did not re-
quire shunt placement (7.9 years). In the primary postop-
erative shunt category the mean age was 5.6 years, in the
tumor recurrence category 5.2 years, and in the case of
other late shunts 5.3 years. Thirty-one percent of the chil-
dren under 3 years of age required postoperative shunts
vs. 12% of the children over 3 years of age, which is a
statistically significant difference (p=0.0078, RR=2.68,
CI: 1.38-5.20). The ratios were 14% vs. 5% for the 1st
category (RR=2.96, CI: 1.00-8.77), 14% vs. 2% for the
2nd category (RR=6.90 CI: 1.73-27.53), and 3% vs. 5%
for the 3rd category (RR=0.59, CI: 0.08-4.60).

With regard to the tumor type, it was apparent that the
incidence of shunt insertions was found to be the highest
in children with ependymomas (37%, n=7), followed by
those in the mixed group (25%, n=4), which included 1
choroid plexus papilloma, 1 choroid plexus carcinoma,
1 glioblastoma, and 1 teratoma, those with medullo-
blastomas (17%, n=12), and the lowest was in patients
with astrocytomas (7%, n=5). The rates were significant-
ly different between these groups (p=0.007). In the case
of primary postoperative shunts the shunt insertion rate
was also highest in the group with ependymomas (11%),
followed by medulloblastomas (8%), and astrocytomas
(3%). In the tumor recurrence category the rate was 26%
for ependymomas, 3% for medulloblastomas, and 1% for
astrocytomas. The tendency was similar among the pa-
tients below 3 years of age. The histopathological diag-
nosis of the patients in the “other late shunts” category is
demonstrated in Table 1.
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Twenty-one (15.3%) of the children who showed hy-
drocephalus on their admission CT scan underwent post-
operative shunting, while 7 (16%) of the patients without
preoperative hydrocephalus required a shunt postopera-
tively (p=1.0000, RR=0.94, CI: 0.43-2.06). However, if
we consider primary shunts only, we find a closely sig-
nificant relationship: 8.7% (n=12) and 0%, respectively
(p=0.072). But 100% of the patients in the primary shunt
group had hydrocephalus on their admission CT, as did
63% (n=5) in the recurrence group and 50% (n=4) in the
other late shunt group.

The group without preoperative hydrocephalus con-
sisted of 43 patients and 4 of them were less than 3 years
old. Histologically, 44% had astrocytomas, 32% had
medulloblastomas, 19% had other types of tumor, and
5% had ependymomas. There were 3 patients with men-
ingitis. Seven children (16%) were shunted, 3 of whom
had medulloblastomas, 1 had an astrocytoma, 1 had a
glioblastoma, 1 had an ependymoma, and 1 had a plexus
carcinoma. The ages of these shunted patients ranged
from 1 to 12 years, and there were 3 patients (7%) below
3 years. One of the children who had meningitis was
shunted, and he was 1 year old.

One hundred and fifty-four patients (85%) had tumors
that involved the midline structures, and 16% of them re-
quired shunts (n=24: 11 primary (7%), 7 due to recur-
rence, 6 other late shunts) (RR=1.01, CI:0.38-2.68). In
the primary shunt group the tumor involved the midline
in 92% of the patients (n=11) vs. 8% (n=1) in whom the
midline was not involved. The shunt rate was 75% (n=6)
vs. 25% (n=2) in the recurrence shunt group and 88%
(n=7) vs. 12% (n=1) in the group with other late shunts.
Eleven patients had tumors that exclusively involved the
cerebellar hemisphere, and none of them required postop-
erative shunt insertion. Sixty-four percent (n=7) of these
patients had pilocytic astrocytomas, and the remaining
36% (n=4) had medulloblastomas. The observed differ-
ences between different localizations of tumors in pa-
tients requiring shunts were not statistically significant.

According to the extent of tumor excision, we found
that the shunt requirement was higher when a partial ex-
cision was achieved (18%, i.e., 8% primary, 5% recur-
rence, 5% others), than in cases of macroscopically com-
plete excision (14%: i.e., 6% primary, 4% recurrence,
4% others). The difference was not significant (p=0.41,
RR=0.76, CI: 0.39-1.50). There was a bigger difference
between the shunt requirements with regard to the extent
of tumor excision in patients with astrocytomas (children
with complete tumor removal had 4.3% shunt insertion
rate compared with 11% following partial removal)
(RR=0.38, CI: 0.07-2.15).

Thirteen patients (7%) who developed postoperative
CSF leak through the wound had a shunt insertion rate of
31% (n=4, p>5%, RR=2.14, CI: 0.87-5.24). In this
group there were no primary shunts, but there were 2
shunts due to recurrence, and 2 other late shunts.

We noted 13 children (7%) who had postoperative pseu-
domeningoceles with a shunt insertion rate of 23% (n=3,
i.e., 3 primary shunts; p>5%, RR=1.52, CI: 0.53—4.38).

Among the 17 patients (9.7%) who had meningitis,
18% (n=3) required shunts: 1 primary shunt (6%) and 2
due to recurrence (12%) (p>5%, RR=1.12, CI: 0.38-3.31).
From a histological point of view, we found 1 ependymo-
ma (14% of shunted ependymomas), 1 medulloblastoma
(8% of shunted medulloblastomas), no astrocytomas, and
1 malignant teratoma in the meningitis group.

Examining the different postoperative complications
in the subgroup of patients below 3 years, we found
higher rates: 14% (n=5) and 12% (n=4) for liquorrhea
and meningitis, respectively, and 12% (n=4) for pseudo-
meningoceles, but none of these elevated percentages of
postoperative complications were statistically significant
(RR=2.59, CI: 0.90-7.43; RR=1.38, CI:0.48-3.94;
RR=1.82, CI:0.59-5.56, respectively). Otherwise in this
subgroup the patients with meningitis had a higher shunt
insertion rate (total 50%: 1 primary shunt, 17%; 2 due to
recurrence).

Children who underwent preoperative or postopera-
tive EVD (n=27) had a shunt insertion rate of 41% com-
pared with 11% of those who did not have EVD. This is
a statistically significant difference (RR=3.67, CI:
1.94-6.94). The patients requiring definitive postopera-
tive shunts had the EVD in place for 19.1 days on aver-
age, compared with 8.2 days among children who did
not require shunts. Children having EVD in place for
8 days or less had a shunt insertion rate of 21.4%; those
who required EVD for longer than 8 days had a shunt in-
sertion rate of 62% (p=0.054).

Discussion
Shunt rate and timing, tumor recurrence

We had 12 patients (6.7%) out of the 180 patients who
required direct primary postoperative shunts within 6
postoperative weeks. Eight patients (4.4%) were shunted
due to tumor recurrence and 8 were other late shunts
(4.4%). Even the overall 15.5% shunt insertion rate is
lower than the 17-40% rate reported in more recent stud-
ies [3, 4, 13, 14, 16, 17], but with regard to the 6.7% rate
of direct postoperative shunts we found a large differ-
ence. Only the 6.7% of the patients who underwent pos-
terior fossa tumor removal developed hydrocephalus that
required shunts directly after tumor removal. With re-
gard to the postoperative natural shunt requirement, it is
important to separate this group of early shunts from
those that were realized because of tumor recurrence.
Tumor recurrences that are in the early stages and have
not yet been diagnosed radiologically, may play a role in
the development of other late hydrocephalus that re-
quires a shunt.
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Age at diagnosis

The age at tumor diagnosis was found to be a significant
predictor of postoperative shunt placement. The lower
mean age of shunted patients and the higher shunt inser-
tion rate in patients below 3 years show that the young
children have a more express inclination to develop hy-
drocephalus that requires a shunt. Our results are similar
to those reported in several other series [3, 10, 13].

Tumor type

In our study we found significant correlation between tu-
mor type and the subsequent need for a shunt. The shunt
requirement was the highest among ependymoma cases,
followed by medulloblastomas, and the lowest was
among patients with astrocytomas. This is in agreement
with the data reported by Kumar and colleagues [10], but
other investigators found no significant correlation [3,
4]. The same tendency was observed in the subgroup be-
low 3 years of age.

Preoperative hydrocephalus

While most of the children had hydrocephalus at the
time of diagnosis, the presence of preoperative hydro-
cephalus has not been found to be a significant factor for
predicting the need for shunt placement, and even if the
issue is restricted to primary shunts, only a marginal sig-
nificance was found. These results are similar to those
reported in other studies [3, 4, 17]. We had 137 patients
presenting hydrocephalus on the preoperative imaging
and 84.7% of them did not require any shunts after tu-
mor resection. If we had performed endoscopic third
ventriculostomy in all 137 patients, it would have led to
116 unnecessary operations.

Tumor location

In our series there was no statistically significant differ-
ence between the shunt requirements of patients with tu-
mors involving vs. not involving the midline. This is
consistent with the findings of some authors [4, 17], but
other investigators have found a statistically significant
difference [13]. We also had 11 patients whose tumors
exclusively involved the cerebellar hemispheres and
none of them required shunt insertions. Histologically,
the majority of these were pilocytic astrocytomas (64%)
and the rest were medulloblastomas.

Extent of resection

The extent of tumor resection, as determined by the sur-
geons’ comments in the operative reports and the postop-
erative imaging, was not a statistically significant predic-
tor of the need for a postoperative shunt. These results
are similar to those reported by Cully et al. [3], but other
studies report a statistically significant correlation [4,
10]. Stein et al.’s [19] evaluation of patients with astro-
cytomas, which was carried out before the routine use of
CT and MRI imaging, reported exactly the reverse.

Pseudomeningocele, CSF leak, and infection

Examining the complications we found that in the direct
postoperative shunt group there was a higher shunt inser-
tion rate in patients with pseudomeningoceles and men-
ingitis who were below 3 years. There was also a higher
incidence of postoperative CSF leak and meningitis in
children below 3 years. But the observed differences
were not statistically different. This is in disagreement
with the study of Cully et al., but similar to the results of
Kumar et al. [10].

External ventricular drainage

In contrast to other studies [3, 4, 10], there was a statisti-
cally significant difference between the use of ventricu-
lar drainage and the postoperative shunt requirement.
Children who underwent preoperative or postoperative
EVD had a higher shunt insertion rate than those who
did not have EVD. The correlation was near significant
in the case of the duration of the EVD. Children having
EVD in place for 8 days or less had a lower shunt inser-
tion rate than those who required EVD for longer than
8 days.

Conclusion

We manage hydrocephalus due to posterior fossa tumors
in children by early craniotomy for excision of the tu-
mor. Preoperatively we use dehydration without steroids
and emergency EVD in children in a critical condition
because of hypertensive hydrocephalus.

In this retrospective analysis the low age at diagnosis,
the tumor type, and the presence EVD were statistically
significant predictors for postoperative shunt requirement.
By contrast, preoperative hydrocephalus, tumor location,
extent of tumor resection, postoperative pseudomeningo-
cele, and CSF leakage or infection showed no significant
association with subsequent shunt requirement.

The low postoperative shunt insertion rate in our se-
ries (15.5% all together, 6.7% separated from tumor re-
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currence group and other late shunts) is rare enough to
think that the routine use of the preoperative third ven-
triculostomy is not absolutely justified. The decision
about whether to use it should not be based exclusively
on the presence of preoperative hydrocephalus. Other
factors like patient age and tumor type potentially influ-

encing shunt requirement should also be considered. We
do not debate the effectiveness of the third ventriculosto-
my in the management of hydrocephalus in children with
posterior fossa tumors, but we think that preoperatively
it should only performed in patients with a known high
risk of needing such an intervention.
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