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Abstract The risk of developing a de novo shunt-dependent
hydrocephalus (HC) after undergoing a craniotomy for brain
tumor in adult patients is largely unknown. All craniotomies
for intracranial tumors at Oslo University Hospital in adult
patients ≥18 years of age during a 10-year period (2004–
2013) were included. None were lost to follow-up. Patients
who developed a shunt-dependent HC were identified by
cross-linking our prospectively collected tumor database to pa-
tients with a NCSP surgical procedure code of hydrocephalus
(AAF). Patients with pre-existing HC or ventriculoperitoneal
(VP) shunts were excluded from the study. A total of 4401
craniotomies were performed. Of these, 46 patients (1.0%) de-
veloped de novo postoperative HC requiring a VP shunt after a
median of 93 days (mean 115 days, range 6–442). Median age
was 62.0 years (mean 58.9 years, range 27.3–80.9) at time of
VP shunt surgery. Patients without pre-existing HC had a 0.2%
(n = 8/4401) risk of becoming VP shunt dependent within
30 days and 0.5% (n = 22/4401) within 90 days. Age, sex,

tumor location, primary/secondary surgery, and radiotherapy
were not associated with VP shunt dependency. Choroid plexus
tumors and craniopharyngiomas had increased risk of VP shunt
dependency. In this large, contemporary, single-institution con-
secutive series, the risk of postoperative shunt-dependency af-
ter craniotomies for brain tumors without pre-existing HC was
very low. This is the largest study with regards to de novo
postoperative shunt-dependency after craniotomies for patients
with intracranial tumors and can serve as a benchmark for
future studies.
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Introduction

Neurosurgical treatment of brain tumors aims at symptom
relief, improved quality of life, reduction of tumor burden
prior to adjuvant therapy, and improved survival, but also to
establish an exact tissue diagnosis [1–7]. However, cranioto-
mies are not without inherent risks, be they surgical mortality
[8–10], postoperative hematomas [10–12], infections [10, 13],
postoperative infarctions and neurological deficits [14], or
post-craniotomy CSF disturbances that lead to permanent
changes to CSF circulation dynamics [14, 15].

Hydrocephalus (HC) after craniotomies for intracranial
tumors have been reported in the past, but these have been
limited to specific tumor histologies and/or tumor locations
[16–18]. Studies on risk factors leading to permanent CSF–
diversion after intracranial tumors are scarce, but in the
pediatric population risk factors reported include younger
age [19, 20], surgical approach [15], tumor histology, and
infections [15, 19, 21]. However, there is a lack of knowledge
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in contemporary literature regarding the incidence of new-
onset HC development after undergoing a craniotomy in adult
patients without preoperative HC. In this study, based on our
prospectively collected database of all adult patients who
underwent craniotomies for intracranial tumors in a 10-year
period, we wanted to identify the incidence of, and risk factors
for, de novo shunt-dependency after craniotomies for intracra-
nial tumors in adult patients.

Materials and methods

Data collection

By reviewing our prospectively kept single-center database of
consecutive patients with CNS tumors, we identified adult
patients treated over a 10-year period (2004–2013).

The following data were recorded: age, sex, preoper-
ative HC, tumor location, primary or secondary
(repeated) resection, tumor histology, de novo postoper-
ative HC, post-craniotomy VP-shunt (yes/no), days from
craniotomy to shunt implantation, and postoperative
radiation-therapy (yes/no).

The preoperative images (CT and/or MRI) of the
cases were reviewed and evaluated by an experienced
neuroradiologist and neurosurgeon at time of surgery
and reviewed retrospectively by the first authors
(SAMH and BL) for the presence/absence of preopera-
tive HC, defined as radiological signs of ventricular
enlargement requiring surgical intervention. HC was
identified on CT or MRI as prominent temporal horns,
a transverse diameter of third ventricle >5 mm, balloon-
ing of frontal horn with periventricular hypodensity on
CT or T2 W MRI, and in instances of doubt, the ven-
tricular Evans index was used. Tumor location was di-
chotomized into supratentorial and infratentorial.

Primary craniotomy was defined as the first craniotomy in
a specific location, while all subsequent craniotomies in the
same location were defined as secondary. Hence, a patient
could have had more than one primary craniotomy, if operated
on multiple locations.

To identify patients who developed new-onset VP-
shunt dependent HC, we cross-linked the tumor data-
base with our surgical procedure codes database using
the Nordic Medico-Statistical Committee Classification
of Surgical Procedures (NCSP) codes for CSF-related
procedures (codes AAF).

Tumor histology was retrieved from our tumor database
and grouped accordingly with respect craniotomies without
and with new-onset postoperative HC.

With regards to postoperative radiotherapy, time to VP
shunt surgery was dichotomized into within 90 days and more
than 90 days post-craniotomy for comparison.

Statistical analysis

Comparison between categorical variables were performed
with Chi-square (X2) test and Fisher’s exact test. Analysis of
variance or independent samples t test were used for continu-
ous variables. An analysis of means of proportions was con-
ducted to detect tumor histologies associated with significant-
ly higher risk of VP shunt dependency. The Kaplan-Meier
method was used for time to VP shunt surgery, and the log-
rank test was conducted to compare VP shunt dependency to
different variables. Box-plot was used supplementary to visu-
alize and compare radiotherapy to VP shunt dependency. A p
value <0.05 was considered statistically significant. For all
statistical analysis, the software program JMP (version 9.03,
SAS Institute Inc.) was used.

Results

Population data

In this study, 4815 craniotomies for intracranial tumors were
performed in a total of 4204 adult patients. Excluded from
further analysis were craniotomies in patients with pre-
existing VP-shunts or pre-existing HC, leaving 4401 craniot-
omies (Fig. 1, Table 1). No patients were lost to follow-up.

Fig. 1 Flow chart illustrating the development of VP shunt dependency
in all patients whom underwent craniotomy for an intracranial tumor. HC
hydrocephalus, VP shunt ventriculoperitoneal shunt
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Median patient age at time of craniotomy for intracranial
tumor resection was 58.2 years (mean 56.3 years, range 18.0–
92.4). There were 2161 males (49.1%) and 2240 females
(50.9%).

Preoperative MRI was available for 3645 craniotomies
(82.8%), while 756 (17.2%) had only preoperative CT scans.

The tumors were located supratentorially in 3938 of the
craniotomies (89.5%) performed, while 463 of the tumors
(10.5%) were located infratentorially.

Primary craniotomies were performed in 3628 cases
(82.4%), while 773 (17.6%) were secondary craniotomies.

New-onset postoperative HC

Of the 4401 craniotomies performed in patients without pre-
operative HC, 46 patients (1%) needed a permanent CSF
shunt due to de novo postoperative HC (Fig. 1, Table 2).
The final ratio between craniotomies and patients was 1:1.

Table 1 Overview craniotomy
characteristics New-onset postoperative

HC (N/%)
Without new-onset
postoperative HC (N/%)

Total without
preoperative HC

(N/%)

Total 46 4355 4401

Age (median) 62.0a 58.1 58.2

Sex

Male 25 (54.3) 2140 (49.1) 2161 (49.1)

Female 21 (45.7)b 2215 (51.9) 2240 (50.9)

Tumor location

Supratentorial 44 (95.6) 3894 (89.4) 3938 (89.5)

Infratentorial 2 (4.4)c 461 (10.6) 463 (10.5)

Surgery

Primary 34 (73.9) 3594 (82.5) 3628 (82.4)

Secondary 12 (26.1)a 761 (17.5) 773 (17.6)

Histology

HGG 11 (23.9) 1392 (32.0) 1403 (31.9)

Meningioma 12 (26.1) 1156 (26.5) 1168 (26.5)

Metastasis 13 (28.3) 710 (16.3) 723 (16.4)

LGG 0 450 (10.3) 450 (10.2)

Other tumors 4 (8.7) 240 (5.5) 244 (5.5)

Schwannoma 2 (4.3) 88 (2.0) 90 (2.0)

Cavernous hemangioma 0 82 (1.9) 82 (1.9)

Lymphoma 0 74 (1.7) 74 (1.7)

Hemangioblastoma 0 47 (1.1) 47 (1.1)

Ependymoma 0 42 (1.0) 42 (1.0)

Craniopharyngioma 2 (4.3) 29 (0.7) 31 (0.7)

Pituitary adenoma 1 (2.2) 20 (0.4) 21 (0.5)

PNET 0 18 (0.4) 18 (0.4)

Choroid plexus tumor 1 (2.2) 7 (0.2) 8 (0.2)

Radiotherapy 22 (47.8)a 2367 (54.4)

VP shunt dependent 46 (1.0)

Within 30 days 8 (0.2)

Between 30 and 60 days 10 (0.2)

Between 60 and 90 days 4 (0.1)

More than 90 days 24 (0.5)

HGG high-grade glioma, LGG low-grade glioma, PNET primitive neuro-ectodermal tumor, HC hydrocephalus,
VP shunt ventriculoperitoneal shunt
a p = 0.2 (Fishers exact test, two-sided)
b p = 0.6 (Fishers exact test, two-sided)
c p = 0.1 (Fishers exact test, two-sided)
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Median age at time of VP shunt surgery was 62.0 years (mean
58.9 years, range 27.3–80.9). Neither age (p = 0.2) nor sex
(p = 0.6) were significantly associated with postoperative VP
shunt-dependency (Table 1).

Tumor location

Of the 46 patients with postoperative VP shunt-dependency,
44 patients (95.6%) had tumors located in the supratentorial
compartment, while 2 had infratentorial tumors (4.4%)
(Table 1). There was no significant association between VP
shunt-dependency and tumor location (p = 0.1).

Primary vs secondary surgery

Thirty-four patients (73.9%) underwent primary craniot-
omy, while 12 had secondary surgery (26.1%) (Table 1).
Undergoing a secondary craniotomy was not significant-
ly associated with postoperative VP shunt-dependency
(p = 0.2).

Tumor histology

Out of the 46 patients with postoperative VP shunt-de-
pendency, the tumor histologies were 13 metastatic tu-
mors (28.3%), 12 meningiomas (26.1%), 11 high grade
g l i omas ( 23 . 9%) , 4 o t h e r t umo r s ( 8 . 7%) , 2
craniopharyngiomas (4.3%), 2 schwannomas (4.3%), 1
choroid plexus tumors (2.2%), and 1 pituitary adenoma
(2.2%) (Table 1).

Radiotherapy

Twenty-two out of 46 (47.8%) patients with de novo postop-
erative HC underwent postoperative radiotherapy.
Postoperative radiotherapy was not significantly associated
with VP shunt-dependency (p = 0.2) (Table 1).

With respect to timing of VP-shunting relative to radiother-
apy, 14/22 patients had VP shunt implantation more than
90 days after surgery, while 8/22 patients had within 90 days
post-craniotomy (Table 2). This difference was not statistical-
ly significant (Fig. 4).

Timeline

The patients with de novo postoperative HC received VP
shunts after a median of 93 days (mean 115 days, range 6–
442) (Fig. 2). The cumulative risk of becoming VP shunt
dependent in patients without pre-existing HC was 0.2%
(n = 8/4401) within 30 days and 0.5% (n = 22/4401) within
90 days. Twenty-four out of 46 patients (0.5%) had very late
VP shunt implantation (>90 days postoperatively) (Table 1).

Discussion

During the study period, a total of 4815 craniotomies
for intracranial tumors were performed in adult patients.
Patients with pre-existing VP-shunts and patients with
pre-existing HC were excluded from further analysis,
as their inclusion would have overestimated the true risk
of developing a de novo postoperative HC due to the
craniotomy per se.

The cumulative risk of developing a de novo shunt-
dependent HC postoperatively was 0.2% (n = 8/4401) within
30 days and 0.5% (n = 22/4401) within 90 days. Interestingly,
we did not find that age, sex, or tumor location was signifi-
cantly associated with increased risk of ultimately becoming
shunt-dependent, in contrast to a similar study by Hosainey
et al. where younger age and infratentorial tumor location
were significant risk factors for postoperative HC in pediatric
patients [15]. Although limited to only benign tumors and
different risk factors were considered, Bekelis et al. reported
postoperative-treated HC rate of 4.2%, which was linked to
surgical intervention [22]. In their study, increased atheroscle-
rotic burden (prior stroke, coronary artery disease) and coag-
ulopathy were associated with higher rate of HC. However,
the time from surgical intervention until HC treatment was not
stated. A theoretical explanation for development of new-
onset postoperative HC in our study can possibly be related
to the tumor burden on the brain, which may results in altered
venous outflow and changes to intracerebral hemodynamics
[23, 24], even after tumor resection.

Table 2 VP shunting and radiation therapy

VP shunt (N/%)

Count ≤90 days >90 days No VP shunt

Radiation therapy

Yes 8 (36.4) 14 (63.6) 2367 (54.4)

No 14 (58.3) 10 (41.7) 1988 (45.6)

Total 22 24 4355

Fig. 2 Time to VP shunt implantation postoperatively
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In our study, repeat surgery was not significantly associated
with shunt-dependent postoperative HC, in contrast to a study
by Montano et al. where ≥2 craniotomies for GBM removal
was performed in 45 of 124 patients (36.2%) and all patients
developed communicating HC (p = 0.0006). Additionally,
ventricular opening was a risk factor for communicating hy-
drocephalus when the analysis was restricted to patients un-
dergoing ≥2 operations for tumor removal [17]. However,
their study was restricted to patients who underwent surgery
and adjuvant radio-chemotherapy for glioblastoma.

With respect to histology, the highest risk for de novo post-
operative VP shunt-dependency was found in choroid plexus
tumors (12.5%) and craniopharyngiomas (6.5%), both of
which were significant (Fig. 3). These tumors often extend
into ventricular compartments, and craniotomies with ventric-
ular entry for tumor resection has been reported to be associ-
ated with increased risk of postoperative HC [16, 17, 25].

There were only 2 of 90 patients (2.2%) with vestibular
schwannomas who became shunt-dependent in our study.
This is comparable and slightly higher than the rate of
shunting in a study by Pirouzmand et al. [18], where only
2 of 173 patients (1%) whom underwent microsurgical
removal of their tumors had new-onset postoperative
HC. However, this study included only patients with
vestibular schwannomas.

In our series, only 12 of 1161 patients (1.0%) with menin-
giomas became shunt-dependent. In the literature, both intra-
ventricular and skull base meningiomas have been reported to
be associated with shunt-dependency [26, 27]. Burkhardt et al.
reported de novo postoperative HC in 35 out of 594 patients
(5.9%), but limited their analysis to skull base meningiomas
[26]. Some published studies have not found an association

between tumor histology and postoperative shunting [18, 19],
whereas others have [20, 28]. These studies however, are lim-
ited by patient group, tumor location, and specific histologies.

Patients with de novo postoperative HC received VP-
shunts after a median of 93.0 days (mean 115 days, range 6–
442) (Fig. 2). The majority of patients that required VP
shunting more than 90 days postoperatively had either high-
grade gliomas or metastatic tumors (52.2%). As they received
postoperative chemotherapy and/or radiotherapy, these pa-
tients might be considered to have become shunt-dependent
because of the adjuvant therapy rather than the surgical inter-
vention. However, we did not find radiotherapy as a statisti-
cally significant risk factor for developing shunt-dependency
(p = 0.2), although there was a trend towards VP shunting
>90 days post-craniotomy and radiotherapy (Fig. 4).
Radiation-induced HC has been reported with respect to brain
tumors [29–31], albeit limited by patient group and histology.
Furthermore, these studies have mainly been concerned with
clinical outcome. In their study of 257 patients where 21 pa-
tients (8%) developed postoperative HC and all required
shunting, Duong et al. reported that prior radiation therapy
increased risk of developing HC, but this study was limited
to cranial base surgeries for tumor resections [32]. Inamasu
et al. reported that of the 50 patients with supratentorial ma-
lignant glioma patients receiving fractionated whole-brain ra-
diotherapy, 5 patients (10%) developed communicating HC
postoperatively and were treated with shunt-surgery from 2
to 15 months after surgery [33]. Nonetheless, this study
assessed mainly clinical outcome, similar other studies [34,
35]. Elevated CSF pressure resulting in HC due to fibrosis
of arachnoid granulations that reduce CSF outflow after radio-
therapy has been reported [31].Montano et al. reported in their

Fig. 3 Analysis of means of proportions for histology and VP shunt
dependency. Shaded area represents the 95% confidence interval for
the proportion of VP shunt dependency for each histology type. Red
dots indicate statistical significance at 5% level, green dots represent

non-significance. Choroid plexus tumors and craniopharyngiomas
showed significant association with VP shunt dependency. HGG high-
grade glioma, LGG low-grade glioma, PNET primitive neuro-ectodermal
tumor
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study regarding communicating hydrocephalus following sur-
gery and adjuvant radio-chemotherapy for glioblastoma pa-
tients that 7 out of 124 patients (5.6%) developed HC requir-
ing VP-shunts [17]. Likewise, in the aforementioned study by
Fischer et al., 11 out of 154 patients (7.1%) received VP
shunts after surgery for glioblastoma, where 4 and 7 patients
received VP shunts before and after radiation therapy, respec-
tively [16]. Median time to VP shunt implantation after initial
surgery (tumor resection) was 110 days. These studies how-
ever, were limited to glioblastoma patients only.

Strength of the study

The total number of patients and restriction of data to one
centralized health-care center (Oslo University Hospital),
thereby reducing confounding effects of differences in medi-
cal practices and health care access, are the main strengths of
this study. We have also avoided the selection bias inherently
present in large multicenter studies. The neurosurgical catch-
ment area is a well-defined geographical area and no patients
were lost to follow-up. We did not find any other large-scale
studies with primary outcome of determining shunt-
dependency by including all intracranial tumors regardless
of patient group, histology, or tumor locations to compare
our study with, which demonstrates the uniqueness of our
study. There is no selection bias as the study includes all cra-
niotomies performed for a histologically verifiable intracranial
tumor within the study period. Our study design is a retrospec-
tive analysis of a prospectively collected database. Lastly, by
crosslinking our tumor database with the registry for neuro-
surgical procedures, we have included all craniotomies
targeting the primary outcome of shunt-dependency.

Limitations of the study

The retrospective collection of data not included in our pro-
spective database is the foremost limitation of this study. In
absence of age-adjusted normal values and due to lack of
comparability across the different imaging modalities, image
analysis was not performed in an automatized manner. Even
though imaging with CT and/or MRI was available for all
patients included in the study, identification of the presence
or absence of preoperative hydrocephalus may have been
prone to differences in analyzing the images depending on
the observer. Other preoperative variables such as tumor size,
peritumoral edema, postoperative infections, ventricular entry,
and adjuvant chemotherapy were not included in the analyses,
which may impact the status of postoperative HC in patients
whom underwent tumor resection. Despite being a large study,
the low number of patients with postoperative HC may not be
sufficient to avoid a statistical type II error, thus failing to
identify true prognostic factors. Most published studies are
limited to a certain patient group, tumor histologies and/or
tumor locations, thereby making direct comparisons to our
study difficult.

Conclusions

In this large, contemporary, single-institution consecutive se-
ries, the risk of postoperative shunt-dependency after craniot-
omies for brain tumors in adult patients without pre-existing
HC was only 0.2% (8/4401) within 30 days and 0.5% (22/
4401) within 90 days. This report can serve as a benchmark
for future studies.

Fig. 4 Timing of VP shunt and
radiation therapy (black
horizontal line shows mean days
to VP shunt surgery, 115 days).
Red box-plot shows interquartile
ranges for each group with their
corresponding group median
(horizontal red line in the middle
of the boxes).Green diamond plot
represents summary measure and
the 95% confidence interval for
each group with their
corresponding group mean
(horizontal green line inside each
diamond plot in the middle). Blue
connecting line of the means from
both groups is shown for
comparison
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