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Abstract
The efficacy of tumor removal via craniotomies on preoperative hydrocephalus (HC) in adult patients with intracranial tumors is
largely unknown. Therefore, we sought to evaluate the effect of tumor resection in patients with preoperative HC and identify the
incidence and risk factors for postoperative VP shunt dependency. All craniotomies for intracranial tumors at Oslo University
Hospital in patients ≥ 18 years old during a 10-year period (2004–2013) were reviewed. Patients with radiologically confirmed
HC requiring surgery and subsequent development of shunt dependency were identified by cross-linking our prospectively
collected tumor database to surgical procedure codes for hydrocephalus treatment (AAF). Patients with preexisting
ventriculoperitoneal (VP) shunts (N = 41) were excluded. From 4774 craniotomies performed on 4204 patients, a total of 373
patients (7.8%) with HC preoperatively were identified. Median age was 54.4 years (range 18.1–83.9 years). None were lost to
follow-up. Of these, 10.5% (39/373) required permanent CSF shunting due to persisting postoperative HC. The risk of becoming
VP shunt dependent in patients with preexisting HC was 7.0% (26/373) within 30 days and 8.9% (33/373) within 90 days. Only
secondary (repeat) surgery was a significant risk factor for VP shunt dependency. In this large, contemporary, single-institution
consecutive series, 10.5% of intracranial tumor patients with preoperative HC became shunt-dependent post-craniotomy, yielding
a surgical cure rate for HC of 89.5%. To the best of our knowledge, this is the first and largest study regarding postoperative shunt
dependency after craniotomies for intracranial tumors, and can serve as benchmark for future studies.
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Introduction

Intracranial brain tumors may give rise to severe neurolog-
ical impairment if left untreated, and the primary treatment
is by tumor resection via craniotomy, which has been

established in numerous studies in the past and proven to
prolong life in patients harboring these potentially deadly
diseases [11, 24, 33, 44, 45, 65]. Nonetheless, apart from
increasing overall survival and improved quality of life [4,
29, 49], potential unwanted risks of surgery such as infec-
tions [39, 41], postoperative hematomas [22, 32, 39], neu-
rological sequelae [18, 34, 60], postoperative altered CSF
dynamics [27, 38], or surgical morbidity/mortality [4, 5, 18,
39] do not warrant definite cure for brain tumors.

Studies on perioperative hydrocephalus (HC) related to in-
tracranial tumor surgery have been reported in the past, but
these have been limited to specific tumor histologies and/or
tumor locations [8, 19, 47, 50]. Analyses of risk factors of de
novo postoperative HC with subsequent VP shunt dependen-
cy in brain tumor patients have been reported as well [26], and
risk factors for developing postoperative HC in the pediatric
population are reported to be younger age [12, 54], surgical
approach, tumor histology and infections [12, 27, 40], among
others. However, in contemporary literature, there is gap in
knowledge concerning incidence of preexisting HC and their
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surgical success rate of tumor resection. Furthermore, studies
on risk factors leading to permanent CSF diversion after sur-
gery for intracranial tumors are scarce, which is the primary
end-point of 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
preexisting HC, and risk factors for shunt dependency after
craniotomies for intracranial tumors in adult patients.

Materials and methods

Data collection

A prospectively kept single-center database of consecutive
patients with CNS tumors was reviewed over a 10-year period
(2004–2013).

The following data were recorded: age, sex, preoperative
HC, tumor location, tumor volume (cm3), primary or second-
ary (repeated) resection, histology (WHO classification), ven-
tricular entry (yes/no), post-craniotomy VP shunt (yes/no),
radiotherapy (yes/no), and days from craniotomy to shunt
implantation.

To identify patients who had persisting postoperative VP
shunt-dependent hydrocephalus (HC), we then cross-linked
the tumor database with our surgical procedure code database
using the Nordic Medico-Statistical Committee Classification
of Surgical Procedures (NCSP) codes for CSF-related proce-
dures (operation codes AAF).

Preoperative images (CT and/or MRI) were reviewed and
evaluated for the presence/absence of preoperative HC, de-
fined as radiological signs of ventricular enlargement. An ex-
perienced neuroradiologist and neurosurgeon assessed the
preoperative images at time of surgery, and later retrospective-
ly reviewed by the first author (SAMH). Prominent temporal
horns on CT or MRI were identified as HC, as well as a
transverse diameter > 5 mm, ballooning of frontal horn with
periventricular hypodensity on CT or T2-weighted/FLAIR
MRI. The ventricular Evans index was used in instances of
doubt. Tumor location was dichotomized into supratentorial
and infratentorial.

First craniotomy in a specific location was defined as pri-
mary craniotomy, 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 different/multiple locations.

For postoperative VP shunting, the patients were verified to
have undergone only one craniotomy in the final analysis.

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

Postoperative VP shunt timingwas reviewed in order to see
howmany patients became shunt dependent within 30 days, ≤
60 days, ≤ 90 days, and > 90 days post-craniotomy.

Statistical analysis

Chi-square (X2) test and Fisher’s exact test were used for com-
parison between categorical variables. Analysis of variance
and Student’s t test were used for continuous variables. An
analysis of means of proportions was used to detect tumor
histologies associated with significantly 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. A
univariate Cox regression analysis was subsequently run on
clinical and pathological criteria. Independent prognostic fac-
tors with a p value < 0.20 were assessed with a multivariate
stepwise Cox model. Box-plot was used supplementary to
visualize and compare radiotherapy to VP shunt dependency.
A p value < 0.05 was considered statistically significant. For
all statistical analysis, the statistical software program JMP
(version 9.03, SAS Institute Inc.) was used.

Ethical considerations

The study has been approved by the institutional ethics com-
mittee (Personvernombudets tilrådning 2013/14574).

Results

Population data

A total of 4815 craniotomies for intracranial tumors were per-
formed on 4204 patients (Fig. 1). Patients with preexisting VP
shunts were excluded, leaving a total of 4774 cases (Table 1),
of which 373 patients had preoperative HC (7.8%) for further
analysis. None were lost to follow-up.

Median patient age at time of craniotomy for intracranial
tumor surgery was 54.4 years (mean 52.7 years, range 18.1–
83.9 years). There were 196 males (52.5%) and 177 females
(47.5%) (Table 1).

All patients had preoperative MRI scans. The tumors were
located supratentorially in 186 cases (49.9%), while 187 of the
tumors (50.1%) were located infratentorially (Table 1).

At time of craniotomy for tumor resection, mean overall
tumor volume was 38.7 cm3 (range 1–247.5 cm3). Tumors
located supratentorially had a mean tumor volume of
53.3 cm3 (range 1–247.5 cm3), while infratentorially mean
tumor volume was 24.2 cm3 (range 2–115 cm3).

Primary craniotomies were performed in 332 cases
(89.0%), while 41 (11.0%) were secondary craniotomies
(Table 1).
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Of the 373 patients with preoperative HC, 148 (39.7%) had
ventricular entry during tumor resection.

Persisting postoperative HC and curative surgical
treatment

From the total of 4774 craniotomies, 85 patients developed
postoperative HC and became VP shunt dependent (Fig. 1).
Of these, 39 patients had persisting postoperative HC from the
373 patients (10.5%) with preoperative HC (Table 1), while
the rest of the 46 patients developed de novo postoperative
HC (Fig. 1).

In patients with persisting postoperative HC (n = 39), the final
ratio between craniotomies and patients was 1:1, and median
patient age at VP shunt surgery was 54.8 years (mean 55 years,

range 23.1–78.6) (Table 1). Neither age (p = 0.34) nor sex
(p = .61) was significantly associated with postoperative VP
shunt dependency for patients with preoperative HC. Curative
treatment of HC by tumor resection alone was achieved in the
rest of the 334 patients (89.5%) with preoperative HC.

Tumor location

Out of the 39 patients with postoperative VP shunt dependen-
cy, 24 patients (61.5%) had tumors located in the
supratentorial compartment, while 15 had infratentorial tu-
mors (38.5%) (Table 1). In both uni- and multivariate analysis,
there were no significantly associated risk factors with regard
to VP shunt dependency and tumor location (p = .12).

Fig. 1 Flow chart demonstrating
pre- and postoperative
hydrocephalus (HC) in all
patients whom underwent
craniotomy for intracranial
tumors, with subsequent VP shunt
dependency. a: patients with de
novo postoperative HC and shunt
dependency, adopted from
Hosainey et al. [26]
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Tumor volume

Mean tumor volume was 31.7 cm3 (range 3.2–115 cm3) in all
39 patients whom became VP shunt dependent. Tumor vol-
ume was not a significant risk factor for VP shunt dependency
(p = .24) in neither univariate nor multivariate analysis.

Primary vs secondary surgery

Thirty patients (77%) underwent primary craniotomy, while 9
patients (23%) had secondary (repeat) surgery. Secondary

(repeat) surgery was a statistically significant risk factor for
VP shunt dependency in the univariate analysis only (OR 2.8,
CI [1.2–6.5], p < .05).

Histology

Out of the 39 patients with postoperative VP shunt dependen-
cy, the tumor histologies were as follows in descending order:
10 high-grade gliomas (25.6%), 9 meningiomas (23.0%), 5
metastatic tumors (12.8%), 4 ependymomas (10.3%), 4 other
tumors (10.3%), 2 low-grade gl iomas (5.1%), 2

Table 1 Overview characteristics
Characteristics Total Preoperative HC (N/%) Persisting HC (N/%)

Craniotomies 4774 373 39

Age (median) 58.0 54.4 54.8

Sex

Male 2357 (49.4) 196 (52.5) 19 (48.8)

Female 2417 (50.6) 177 (47.5) 20 (51.2)

Tumor location

Supratentorial 4264 (89.3) 186 (49.9) 24 (61.5)

Infratentorial 510 (10.7) 187 (50.1) 15 (38.5)

Tumor volume (mean cm3) 38.7 31.7

Surgery

Primary 3960 (83.0) 332 (89.0) 30 (77.0)

Secondary 814 (17.0) 41 (11.0) 9 (23.0)

Histology

HGG 1485 (31.1) 82 (22.0) 10 (25.6)

Meningioma 1238 (25.9) 70 (18.8) 9 (23.0)

Metastasis 813 (17.0) 90 (24.1) 5 (12.8)

LGG 471 (9.9) 21 (5.6) 2 (5.1)

Other tumors 266 (5.6) 22 (6.0) 4 (10.3)

Schwannoma 109 (2.3) 19 (5.1) 1 (2.6)

Cavernous hemangioma 85 (1.8) 3 (0.8) 0

Lymphoma 75 (1.6) 1 (0.3) 0

Hemangioblastoma 68 (1.4) 21 (5.6) 0

Ependymoma 58 (1.2) 16 (4.3) 4 (10.3)

Craniopharyngioma 42 (0.9) 11 (2.9) 2 (5.1)

Pituitary adenoma 26 (0.5) 2 (0.5) 1 (2.6)

PNET 23 (0.5) 8 (2.1) 0

Choroid plexus tumor 15 (0.3) 7 (1.9) 1 (2.6)

Ventricular entry 148 (39.7) 21 (53.8)

Radiotherapy 2575 (53.9) 187 (50.1) 19 (48.7)

VP shunt dependent 39 (10.5)a

Within 30 days 26 (7.0)

Between 30 and 60 days 6 (1.6)

Between 60 and 90 days 1 (0.3)

More than 90 days 6 (1.6)

CT, computed tomography; MRI, magnetic resonance imaging; HGG, high-grade glioma; LGG, low-grade
glioma; PNET, primitive neuroectodermal tumor; VP shunt, ventriculoperitoneal shunt
a Percentage from 373 patients with preoperative HC
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craniopharyngiomas (5.1%), 1 choroid plexus tumor (2.6%), 1
pituitary adenoma (2.6%), and 1 schwannoma (2.6%)
(Table 1). Histology was not significantly associated with
VP shunt dependency in neither uni- nor multivariate analysis
(Fig. 2).

Ventricular entry

Twenty-one patients (53.8%) had ventricular entry during tu-
mor resection, while 18 patients (46.2%) did not. Ventricular
entry did not reach statistical significance in neither the uni-
variate (p = .056) nor multivariate analysis.

Radiotherapy

From the 39 patients with persisting postoperative HC, 19
patients (48.7%) had postoperative radiotherapy.
Postoperative radiotherapy was not significantly associated
with VP shunt dependency (p = .88) in neither univariate nor
multivariate analysis (Fig. 3).

Timeline

The patients with persisting postoperative HC received VP
shunts after a median of 21 days (mean 41.2 days, range 6–
198 days) (Fig. 4). The cumulative risk of becoming VP shunt
dependent in patients with preexisting HC was 7.0% (26/373)
within 30 days and 8.9% (33/373) within 90 days. Six patients
had very late VP shunt implantation (> 90 days postoperative-
ly) (Table 1).

Discussion

The main surgical treatment modality of brain tumor-
associated HC is achieved by careful planning of tumor resec-
tion via craniotomy when indicated and in cases of persistent
HC despite tumor removal, alternative surgical treatments for
evident relief of HC include permanent CSF diversion with
endoscopic third ventriculostomy (ETV) and/or VP shunt
placement, for which their values and efficacies have been
discussed in numerous studies [8, 15, 36, 43, 53, 54, 58].
Recently, we reported on the incidence and risk factors for
postoperative VP shunt dependency in brain tumor patients
without preoperative HC and observed that 0.5% of adult
patients developed de novo postoperative HC requiring per-
manent CSF diversion within 90 days after surgery [26]. With
the primary aim of studying persisting HC post-craniotomy
requiring surgical intervention, in this current study, we fo-
cused on adult patients with preexisting HC prior to brain
tumor surgery and found that only 7.8% of the patients had
preoperative HC (373/4774). This is a much lower overall
incidence in adults than observed in pediatric popula-
tions (32.5%) [27]. Other studies have reported inci-
dences of preoperative HC ranging from 2.9 to 83.0%
[8, 12, 20, 21, 43, 50, 52, 58], but these have been
limited by patient group, tumor location, and histology
(Table 2).

We observed that the cumulative risk of developing persis-
tent VP shunt-dependent HC was 7.0% (26/373) within
30 days and 8.9% (33/373) within 90 days. In our study,
neither age, sex nor tumor location was significantly

Fig. 2 Analysis of means of
proportions for histology and VP
shunt dependency. The shaded
area represents the 95%
confidence interval for the
proportion of VP shunt
dependency of each histological
type. Green dots indicate non-
significance. HGG, high-grade
glioma; LGG, low-grade glioma;
PNET, primitive neuroectodermal
tumor
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associated with a risk of persistent HC requiring VP shunts
postoperatively. In contrast, younger age and tumor location
have been demonstrated to be a significant risk factor for
postoperative HC in pediatric patients [27, 66]. Considering
the Monroe-Kelly doctrine, a possible theory for persisting
postoperative HC might be related to the craniotomy causing
a vicious cycle with obstruction of subarachnoid CSF path-
ways causing impaired venous drainage [55], which will fur-
ther cause cell death and axonal damage [14, 16, 25], brain
elasticity alterations [31], edema [6], and ultimately progres-
sion to permanent changes to CSF dynamics and cerebral
autoregulation.

In our study, 39/373 patients (10.5%) required permanent
CSF diversion, while the remaining 334 were successfully
treated by craniotomy, yielding a cure rate for HC of 89.5%
with tumor resection alone. A similar surgical success rate was
reported by in the abovementioned study by Hosainey et al. in
pediatric patients with intracranial tumors, where tumor resec-
tion cured patients with preexisting HC in 86.6% of the total
[27]. Pirouzmand et al. reported that only tumor removal was
required without any further treatment of their preoperative
HC in 18/27 patients (67%) in their series of patients with
cerebellopontine angle tumors, although limited to vestibular
schwannomas [50]. Culley et al. reported 97 out of 117 (83%)

Fig. 3 VP shunt timing and
radiotherapy. Red box-plots show
interquartile ranges for each
group with their corresponding
median (horizontal red line in the
middle of the box). Black
horizontal line shows mean days
of VP shunting, whereas black
dots show each day of VP
shunting

Fig. 4 Time of VP shunt
postoperatively in patients with
persisting postoperative HC
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pediatric patients with preoperative HC due to posterior fossa
tumors that 35% required postoperative shunting, but they did
not find preoperative HC as a significant risk factor for post-
operative shunting [12]. Greganov et al. reported that 53 out of
400 patients (13.3%) presented with HC at admission, of
whom 48 did not require additional HC treatment (87.5%)
[21]. Although HC was present at admission, this study was
restricted to vestibular schwannomas only, similar to other
studies [46, 50]. Likewise, Nanda et al. reported in their study
of complications of petroclival meningiomas that 8 out of 50
patients (16%) developed HC and required VP shunt place-
ment, but whether HC was present before surgery or not has
not been specifically stated [48] (Table 2).

Tumor volume was not significantly associated with shunt
dependency in our study. Riva-Cambrin et al. also reported in
their pediatric series of posterior fossa tumors that tumor vol-
ume was not significantly associated with postoperative HC
[54]. In a study by Fischer et al. on risk factors of HC after
resection and adjuvant radiochemotherapy in GBM patients,
average tumor volume was 58.6 cm3 in 11 patients whom
developed communicating HC after tumor resection, com-
pared to 35.1 cm3 in the remaining 140 patients without HC
[19]. They found an insignificant trend towards frontal tumor
location and large tumor volume (p = .115), but this study was
restricted to glioblastoma patients only. In comparison, with
regard to volume as a space occupying lesion (compare brain
tumors as space occyping lesions), this is in contrast to intra-
cranial hemorrhagic lesions as reported by Hsu et al. of pa-
tients with spontaneous cerebellar hemorrhage [28], where
initial hydrocephalus at admission and hematoma volume

was demonstrated to be independent significant risk factors
for VP shunt dependency. This discrepancy might be ex-
plained by the difference in the natural course of rather slowly
growing intracranial tumors resulting in gradual adaptation to
changes in CSF dynamics compared to hemorrhagic lesions
that may increase in size rather rapidly and eventually cause
obstruction by hemorrhaging intraventricularly from the brain
parenchyma.

Interestingly, secondary (repeat) surgery was significantly
associated with persisting postoperative HC and subsequent
VP shunt dependency (p < .05), as opposed to in the pediatric
population where it was not associated with persisting post-
operative HC [27]. Likewise, for development of de novo
postoperative HC, secondary (repeat) surgery has not been
shown to be a significant risk factor for VP shunt dependency
[26]. There were 9 out of 39 patients whom underwent sec-
ondary (repeat) surgery in our study, which has been shown to
prolong survival in patients with HGGs in numerous studies
[3, 5, 9, 10, 23, 56, 61, 64, 68], metastatic tumors [2, 62], and
LGGs [1, 51], among others. Nonetheless, surgical complica-
tions after reoperation such as decline in KPS [42], increased
rate of morbidity and mortality [23, 42, 67], CSF leak and
delayed wound healing [35, 37], infections [13, 17, 35, 41],
and neurological worsening [10] have also been reported.
Montano et al. reported that ventricular opening was a risk
factor for communicating hydrocephalus when the analysis
was restricted to patients undergoing ≥ 2 operations for tumor
removal [47].

Interestingly, histology was not shown to result in higher
risk of VP shunt dependency in this study, whose effect we

Table 2 Literature comparison on studies of postoperative VP shunting after surgery for brain tumors

Authors and year Patients Cases Histology/tumor type Tumor location Incidence preoperative
HC (N/%)

Postoperative
VP shunting (N/%)

Gerganov et al. [21] Adults 400 Vestibular schwannoma Posterior fossa 53 (13.3%) 3 (5.7%)

Fukuda et al. [20] Adults 68 Vestibular schwannoma CP angle 16 (23.5%) 2 (12.5%)

Reddy et al. [52] Adults and
children

3817 Malignant and benign tumors Supra- and infratentorial 219 (5.7%) 56 (30%)

Culley et al. [12] Children 117 All tumors Posterior fossa 97 (83%) 34 (35%)

Pirouzmand et al. [50] Adults 284 Vestibular schwannoma CP angle 34 (13%) 5 (14.7%)

Sainte-Rose et al. [58] Children 206 All tumors Posterior fossa 149 (72.3%) 20 (13.4%)

Hosainey et al. [26] Children 381 All tumors Supra- and infratentorial 124 (32.5%) 24 (19.3%)

Nanda et al. [48] Adults 50 Petroclival meningomas Petroclivus N/A 8 (16%)

Von Lehe et al. [66] Children 174 All tumors Supra- and infratentorial N/A 47 (27%)

Miyakoshi et al. [46] Adults 376 Vestibular schwannoma CP angle 57 (15.2%) 0

Castro et al. [8] Adults 841 Glioblastoma Supra- and infratentorial 24 (2.9%) 64 (8%)a

Marx et al. [43] Adults 243 All tumors Infratentorial 52 (21%) 3 (5.7%)

Search terms (in combination and/or single term) used in literature search for comparison: brain tumor, CSF diversion, craniotomy, hydrocephalus (HC),
preoperative HC, postopeative HC, ventriculomegaly, VP shunt

N/A, not available
a Shunting of some patients were due to delayed postoperative HC later in the course of their disease, although without preoperative HC
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expected to reach statistical significance. This is in contrast to
patients with de novo postoperative HC where choroid plexus
tumor and craniopharyngiomas increase the risk of postoper-
ative VP shunt dependency [26]. Ependymomas had the
highest proportion of risk for postoperative VP shunt depen-
dency (25%), although non-significant (Fig. 3). Conversely,
significant correlation between tumor type and subsequent
need for shunt has been found with ependymomas and me-
dulloblastomas [27, 54, 59]. These tumors either line the ven-
tricular wall or extend into ventricular compartments, and cra-
niotomies for tumor resection with ventricular entry have been
reported to be associated with increased risk of postoperative
HC [19, 30, 47]. Some studies have reported an association
between histology and postoperative shunting [7, 54, 58],
while others have not [12, 50]. However, these studies are
limited by patient group, tumor location, and histology.

Twenty-one out of the 39 patients with persisting postop-
erative HC had ventricular entry during tumor resection.
Ventricular entry was not a significant risk factor for shunt
dependency in our study, albeit noteworthy in the univariate
analysis as a risk factor (p = .56). Nevertheless, ventricular
entry has been reported to be associated with increased risk
of postoperative HC with subsequent VP shunt implantation
in previous reports [19, 30, 47].

Ten patients out of 82 with HGG, 9/70 patients with me-
ningioma and 5/90 patients with metastasis became VP shunt
dependent (Table 1). Six patients (1 HGG, 3 meningioma, 1
metastasis, and 1 pituitary adenoma) had VP shunt surgery >
90 days post-craniotomy. The patients with malignant tumors
received chemotherapy and/or radiotherapy postoperatively as
routine follow-up treatment for malignancy. Therefore, these
patients are not considered to have become VP shunt depen-
dent due to surgery per se. Also, 19 out of the 39 patients with
persisting postoperative HC underwent postoperative radio-
therapy. Loss of brain tissue and elevated CSF pressure
resulting in HC due to fibrosis of the arachnoid granulations
reducing CSF outflow after radiotherapy has been reported
[63], but we did not find radiotherapy as a significant risk
factor for postoperative VP shunt dependency in this study
(Fig. 4), as also indicated by a similar study on patients with
development of de novo HC after craniotomy for intracranial
tumors [26]. In their study of HC after tumor resection of
glioblastoma patients by Fischer et al. [19], 11 out of 151
patients (7.28%) developed communicating HC and required
VP shunt implantation. Of these, 4 patients were shunted be-
fore radiotherapy, while the remaining 7 patients received im-
plantation after radiotherapy. However, they emphasized that
since all 151 patients received radiotherapy, radiotherapy-
induced fibrosis could not be considered a risk factor for the
development of communicating HC. To elucidate this issue, a
separate analysis of intracranial tumor patients and their re-
spective timing of postoperative radiation therapy is
warranted.

In our series, 26 out of 373 patients (7.0%) with preopera-
tive HC became VP shunt dependent within 30 days postop-
eratively and cumulatively, 33 patients (8.9%) required VP
shunt within the first 90 days (Fig. 1). Comparatively, in the
abovementioned study by Fischer et al., 4 of 11 glioblastoma
patients with postoperative HC had VP implantation <
30 days, while the remaining were shunted 66–728 days post-
operatively (median 110 days) [19]. Similarly, Roth et al. re-
ported that 16/530 patients (3%) received VP shunt placement
from 3 weeks to 10 months postoperatively, with improve-
ment of cognitive function in 11 patients [57]. Our overall
low rate of shunt dependency can be explained by our inclu-
sion of all craniotomies with intracranial tumors regardless of
location or histology.

Strength of the study

Oslo University Hospital, consisting of two hospitals
(Rikshospitalet and Ullevål), is a centralized health care
center and has a population-based referral of patients
from a well-defined region of Norway with approximate-
ly 2.8 million inhabitants. Hence, the total number of
patients and data restriction to one center reduces possi-
ble confounding effects of differences in access to health
care services. Also, we have avoided the selection bias
inherently present in large multicenter studies, as there is
only one neurosurgical unit performing these surgeries in
a well-defined geographical area. Additionally, its design,
setting, and clinical follow-up contribute greatly to its
exclusivity. We did not find any other large-scale studies
with primary outcome of shunt dependency post-
craniotomy by including all intracranial tumors regard-
less of patient group, histology or tumor locations to
compare our study with, which demonstrates the unique-
ness of our study. There is no selection bias as the study
includes all craniotomies performed for a histologically
verifiable intracranial tumor with the study period. Our
study design is a retrospective analysis of a prospectively
collected database. Additionally, by cross-linking our tu-
mor database with the registry for neurosurgical proce-
dures, we have included all craniotomies targeting the
primary outcome of shunt dependency. Lastly, we obtain-
ed complete follow-up and to the extent of our knowl-
edge, this is the largest study with regard to postopera-
tive shunt dependency after craniotomies for patients
with intracranial tumors in adults.

Limitations of the study

Its retrospective design is the foremost limitation of this
study. Perioperative infections as potential risk for VP
shunt dependency were not accounted for in the analyses.
Another limitation is that our study included only
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craniotomies for brain tumors and did not include
endonasal surgeries for removal of tumors located in the
pituitary area as potential risk factor for VP shunt depen-
dency. Postoperative hemorrhage after tumor surgery was
not included in the analysis of our study. Also, temporary
drainage of CSF such as lumbar drainage, insertion of
external ventricular drainage prior to permanent shunting
was not included in the risk factor analyses of our study,
which might have affected the outcome with respect to
postoperative permanent CSF shunting. Image analysis
was not performed in an automatized manner, due to lack
of comparability across the different imaging modalities
in absence of age-adjusted normal values and due to lack
of comparability across the different imaging modalities.
Despite availability of CT and/or MRI for all patients
included in the study, identification of the presence or
absence of preoperative/postoperative hydrocephalus
may have been limited by human error. Although being
a large study, the number of patients may be so low in the
final analyses, that statistical type II error may arise, thus
failing to identify a true prognostic factor. Direct compar-
isons to our study were difficult as most reported studies
are biased with limitations to certain patient groups, tumor
histologies and/or locations.

Conclusions

In this large, contemporary, single-institution consecutive
series of all adult patients with intracranial tumors re-
quiring surgery, the incidence of preoperative HC was
7.8%. Of the total, tumor resection alone yielded a sur-
gical successful cure rate for HC of 89.5%. The risk of
shunt dependency in patients with persisting postopera-
tive HC was only 7.0% (26/373) within 30 days and
8.9% (33/373) within 90 days, where secondary
(repeat) surgery was the only statistically significant risk
factor. This report can serve as benchmark for future
studies.
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