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Hydrocephalus following brain tumor surgery is found, although cause of hydrocepha-
lus is optimally eradicated. This study aimed to investigate factors associated with
development of postoperative hydrocephalus that requires shunt procedure and
generate predictive scoring model of this condition. Demographic, clinical, radio-
graphic, treatment, laboratory, complication, and postoperative data were collected.
Binary logistic regression was used to investigate final model for generating predictive
scoring system of postoperative hydrocephalus. A total of 179 patients undergoing
brain tumor surgery were included. Forty-five (25.1%) patients had postoperative
hydrocephalus that required shunt surgery. In univariate analysis, several factors were
found to be associated with postoperative hydrocephalus. Strong predictors of
postoperative hydrocephalus revealed in multivariate analysis included tumor recur-
rence before surgery (odds ratio [OR], 4.38; 95% confidence interval [Cl], 1.28-14.98;
p=0.018), preoperative hydrocephalus (OR, 6.52; 95% Cl, 2.44-17.46; p < 0.001), glial
tumor (OR, 3.76; 95% Cl, 1.14-12.43; p=0.030), metastasis (OR, 5.19; 95% Cl, 1.72-
15.69; p=0.004), intraventricular hemorrhage (OR, 7.08; 95% Cl, 1.80-27.82;
p=0.005), and residual tumor volume (OR, 1.05; 95% Cl, 1.01-1.09; p=0.007). A
cutoff predictive score with the best area under curve and optimum cutoff point was
utilized for discriminating patients with high risk from individuals with low risk in
occurrence of postoperative hydrocephalus. This study reported predictive factors
strongly associated with development of postoperative hydrocephalus. Predictive
scoring system is useful for identifying patients with an increased risk of postoperative
hydrocephalus. Patients classified in the high-risk group require closed surveillance of
the hydrocephalus.
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Prediction of Hydrocephalus after Brain Tumor Surgery

Introduction

Brain tumor is an entity of neurological disorders that causes
disability and mortality if appropriate treatment is delayed.
Various clinical manifestations are found in patients with
brain tumors, including progressive headache, visual im-
pairment, hearing deficit, seizure, behavioral changes, limb
weakness, and gait disturbance. Surgical resection of the
tumors with mass effect is still the essential treatment.
Radiation therapy and chemotherapy are required in neces-
sary cases.

Neurosurgical treatment of brain tumors aims to relieve
neurological symptoms caused by intracranial mass lesion,
improve quality of life and survival, reduce tumor burden
prior to adjuvant therapy, and obtain tissue diagnosis.l'2
Even though craniotomy with brain tumor resection is the
standard treatment of intracranial tumors, this procedure
carries a surgical risk, such as postoperative intracranial
hematoma, infection, or neurological deficits. Additionally,
the surgery can affect cerebrospinal fluid (CSF) dynamics and
cause permanent adverse alteration in CSF circulation which
may result in postoperative hydrocephalus.’-3

Hydrocephalus is a common neurological condition char-
acterized by abnormal CSF accumulation in the intracranial
cavity, mainly in the ventricular system. Patients with brain
tumors often have hydrocephalus related to obstructive
mechanism, but some patients suffer from communicating
hydrocephalus. Although hydrocephalus in several cases will
be resolved after tumor removal, some patients still have
chronic persistent ventricular enlargement following appro-
priate surgical relief of CSF pathway obstruction.*

Heterogeneous incidence of hydrocephalus after brain
tumor surgery has been reported, ranged from 7.3 to
46%.>~7 Studies on risk factors leading to permanent CSF
diversion following intracranial tumor surgery are scarce.
Generally, these risk factors include young age, extent of
tumor resection, surgical exposure of the ventricle, tumor
histopathology, and CSF infection.?>~’

The aim of this study was to investigate factors associating
with postoperative hydrocephalus that needed CSF shunt
implantation in patients undergoing brain tumor surgery.
Besides, the final model of multivariate analysis was used to
generate scoring system for predicting possibility of devel-
opment of postoperative hydrocephalus.

Materials and Methods

Patient Population

This study included patients with brain tumors who under-
went craniotomy and tumor resection at the Division of
Neurosurgery, Department of Surgery, Faculty of Medicine
Siriraj Hospital, Mahidol University from December 2017 to
March 2020. Patients with CSF diversion procedures, such as
ventriculoperitoneal (VP) shunting, lumboperitoneal shunt-
ing, endoscopic third ventriculostomy prior to the brain
tumor surgery; patients who underwent craniotomy for
other causes, such as vascular or traumatic cause; and
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patients who underwent stereotactic or endoscopic proce-
dures for the treatment of brain tumors were excluded from
this study. The protocol for this study was approved by the
Siriraj Institutional Review Board, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand.

Data Collection

The following data were collected, including demographic
characteristics (age, gender, history of recurrent brain tu-
mor) and clinical information (duration of presenting symp-
tom, increased intracranial pressure [ICP], neurologic deficit,
seizure, impairment of consciousness, cognitive impairment,
and ataxia). Preoperative radiographic data obtained from
cranial computerized tomography (CT) and/or magnetic
resonance image (MRI) consisted of presence of hydroceph-
alus, ventricular Evans’ index, tumor multifocality, tumor
volume, tumor location, midline shift, peritumoral vasogenic
brain edema, and pattern of tumor enhancement following
contrast injection. In this study, hydrocephalus was defined
as radiographic evidences of ventricular enlargement, in-
cluding Evans’ index more than 0.3, prominent temporal
horns of the lateral ventricle more than or equal to 5 mm in
axial images, dilatation of the third ventricle, stretching of
the corpus callosum and septum pellucidum, and periven-
tricular hypodensity on cranial CT or periventricular hyper-
intensity on cranial T2-weighted MRI or fluid-attenuated
inversion recovery image.

Intraoperative findings and postoperative cranial radio-
graphic images were reviewed to document the extent of
tumor resection. The extent of tumor resection was classified
as gross total (100%), subtotal (90-100%), and partial (less
than 90%) tumor resection. Ventricular exposure was
reviewed by using intraoperative record and postoperative
neuroimaging. Data of other postoperative treatment mo-
dalities, including chemotherapy and radiation therapy,
were also collected.

In patients with insertion of external ventricular drainage
(EVD) catheter, intraoperative ICP, postoperative ICP, and the
last 24-hour CSF output before removal of EVD catheter or
before shunt surgery were recorded. CSF analysis was per-
formed in most patients with EVD. Data of tumor histopa-
thology reported by experienced pathologist were also
gathered in statistical analysis.

In terms of postoperative data collection, they included
postoperative complication, such as intracranial hemorrhage
or meningitis. Data of residual tumor volume and location
were obtained from postoperative cranial imaging study.

Outcome Measurement

Outcome of this study included incidence of overall and new-
onset postoperative hydrocephalus that obligatorily required
CSF shunt procedures. Importantly, factors predicting occur-
rence of postoperative hydrocephalus with shunt surgery in
patients undergoing brain tumor resection were investigat-
ed. The new-onset postoperative hydrocephalus was defined
as development of hydrocephalus on postoperative neuro-
imaging in patients without hydrocephalus on preoperative
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neuroimaging. The criteria for consideration of shunt im-
plantation in our study included as follows:

1. Presence of radiographic evidence of hydrocephalus on
neuroimaging at least 2 weeks after appropriate brain
tumor resection.

2. Persistent high CSF pressure more than 20 cmH,0 mea-
sured from EVD or lumbar puncture at least 2 weeks
following the date of brain tumor surgery.

3. Presence of symptoms of hydrocephalus, such as head-
ache, gait disturbance, impaired memory or cognitive
function, during admission or in long-term follow-up.

Statistical Analysis
The collected data were analyzed by using the Statistical
Package for the Social Sciences (SPSS) version 24.0. Numeri-
cal data were presented as either mean + standard deviation
or median (range). In univariate analysis of association
between the individual variable and occurrence of postoper-
ative hydrocephalus which required shunt surgery, either
Pearson’s chi-square or Fisher’'s exact test was used for
categorical data, and either independent sample t-test or
Mann-Whitney U test was utilized for numerical data. The
strength of association was calculated by using odds ratio
(OR) and 95% confidence interval (95% CI). A p-value of less
than 0.05 was signified as statistically significant level.
Regarding multivariate analysis of association between
multiple investigated parameters and occurrence of hydro-
cephalus that required shunt surgery, variables with a
p-value of less than 0.05 in univariate analysis were chosen.
Multiple linear regression analysis was performed to inves-
tigate chosen variables with collinearity. Parameters show-
ing collinearity that was defined as tolerance less than 0.2
and variance inflation factor more than 5 were excluded from
binary logistic regression analysis. After the exclusion, the
remaining parameters were analyzed using binary logistic
regression. Backward (Wald) selection predictor criteria
were used to determine the predictor in final model.
Shrinkage factor and overestimation of the area under
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receiver-operating characteristic curve (AuROC) were calcu-
lated via bootstrap internal validation. Discrimination and
calibration were considered for model performance. The
AuROC was used as the measure of model discrimination.
The Hosmer-Lemeshow test and calibration curve, agree-
ment between the predicted risk-score probabilities using
the final model and the actual observed probabilities, were
used to assess the model’s calibration. A predictive scoring
model was developed based on logistic regression coeffi-
cients with adjusted bootstrap internal validation from the
final multivariate model.

Finally, the ROC curve was presented to demonstrate the
performance of scoring predictive hydrocephalus for the best
cutoff point in terms of sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR+), negative likelihood ratio
(LR-), and AuROC.

Results

The study included one-hundred and seventy-nine patients
with brain tumor resection. There were 60 (33.5%) males and
119 (66.5%) females. The median age was 52 years (range: 0.2
to 82 years). Twenty-three (12.8%) patients underwent cra-
niotomy for the treatment of recurrent brain tumor. The
most common symptom was neurologic deficit found in 90
(50.3%) cases. Increased ICP was a common clinical manifes-
tation found in 89 (49.7%). The median duration of symptom
was 2 months (range: 1 day to 24 months). Tumor pathology
included 69 (38.5%) meningiomas, 25 (14%) metastases, 25
(14%) vestibular schwannomas, 14 (7.8%) glioblastomas, and
other 46 (25.7%) brain tumors.

On preoperative brain imaging, 81 (62.8%) individuals
developed hydrocephalus prior to brain tumor surgery.
The median preoperative ventricular Evans’ index was 0.27
(range: 0.10-0.57) and the median tumor volume was
19.4cm>® (range: 0.5-226cm>). In univariate analysis
(=Table 1), history of recurrent brain tumor prior to the
present surgery, duration of symptom, presence of

Table 1 Univariate analysis of association between parameters and postoperative hydrocephalus that required shunt surgery (n = 179)

Parameters Postoperative hydrocephalus with p-Value OR (95% Cl)
shunt surgery
Absent (n=134) | Present (n=45)
Demographic characteristics (n=179)
Tumor recurrence before surgery, n (%) 11 (8.2) 12 (26.7) 0.001° 4.07 (1.65-10.04)
Duration of symptom (months), median (range) | 2 (0.03-24) 1(0.06-12) 0.029°
Preoperative radiographic findings (n =179)
Preoperative hydrocephalus, n (%) 47 (35.1) 34 (75.6) < 0.001% | 5.72 (2.66-12.32)
Preoperative Evans’ index, median (range) 0.26 (0.10-0.57) | 0.33(0.14-0.43) | <0.001°
Intra-axial tumor location, n (%) 37 (27.6) 23 (51.1) 0.004° 2.74 (1.37-5.50)
Subcortical to deep location of tumor, n (%) 28 (20.9) 21 (46.7) 0.001° 3.31(1.62-6.80)
Midline tumor location, n (%) 31(23.1) 19 (42.2) 0.014° 2.43 (1.19-4.96)
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Table 1 (Continued)

Parameters Postoperative hydrocephalus with p-Value OR (95% Cl)
shunt surgery
Absent (n=134) | Present (n=45)
Intraventricular tumor location, n (%) 14 (10.4) 11 (24.4) 0.019° 2.77 (1.15-6.66)
Peritumoral vasogenic brain edema, n (%) 99 (73.9) 43 (95.6) 0.002° 7.60 (1.75-33.03)
Heterogeneous tumor enhancement, n (%) 82 (61.2) 38 (84.4) 0.004° 3.44 (1.43-8.28)
Treatments (n =179, except for
postoperative CSF pressure)
Partial tumor resection, n (%) 11 (8.2) 11 (24.4) 0.004° 3.62 (1.45-9.06)
Ventricular exposure, n (%) 14 (10.4) 13 (28.9) 0.003° 3.48 (1.49-8.14)
Postoperative CSF pressure (cmH,0), 11.7+3.5 16.8+5 0.017°
mean + SD (n=68)
Tumor pathology (n =179)
Glial tumor, n (%) 15(11.2) 12 (26.7) 0.012° 2.89 (1.23-6.76)
Meningioma, n (%) 58 (43.3) 11 (24.4) 0.025° 0.42 (0.20-0.91)
Metastasis, n (%) 16 (11.9) 11 (24.4) 0.0432 2.39 (1.01-5.62)
Postoperative complications (n =179)
Intraparenchymal hemorrhage, n (%) 5(3.7) 7 (15.6) 0.012° 4,75 (1.43-15.83)
Intraventricular hemorrhage, n (%) 6 (44.8) 11 (24.4) < 0.001% | 6.90 (2.38-20.01)
Subdural hygroma, n (%) 12 (9) 0 (0) 0.039° N/C
Residual tumor (n =179)
Residual tumor volume (cm?), median (range) 0 (0-57.2) 1.3 (0-80) 0.006°
Residual tumor in intra-axial location, n (%) 13 (9.7) 11 (24.4) 0.012° 3.01 (1.24-7.32)
Residual tumor in subcortical to 9 (6.7) 8(1.78) 0.039° 3.00 (1.08-8.33)
deep location, n (%)

Abbreviations: Cl, confidence interval; CSF, cerebrospinal fluid; EVD, external ventricular drainage; n, number; N/C, not calculable; OR, odds ratio; SD,

standard deviation.

ap-Value < 0.05 indicates statistically significant association.

Factors not associated with postoperative hydrocephalus that required shunt surgery including

- Demographic characteristics (n =179): age (p =0.448), gender (p=0.073), symptoms of increased intracranial pressure (p =0.212), neurologic
deficit (p=0.212), seizure (p =0.484), impaired consciousness (p=0.281), cognitive impairment (p =0.740), and ataxia (p = 0.240).

- Preoperative radiographic findings (n =179): multifocal tumors (p=0.061), tumor volume of resected tumor (p =0.634), supratentorial tumor
location (p =0.129), infratentorial tumor location (p =0.077), cortical tumor location (p =1.000), and midline shift (p=0.115).

- Treatments (n =179, except for intraoperative CSF pressure and 24-hour CSF output): gross total tumor resection (p =0.901), intraoperative CSF
pressure (n=>51, p=0.996), chemotherapy (p =0.160), radiation therapy (p =0.145), and 24-hour CSF output from EVD (n=74, p=0.133).

- CSF analysis (n =72, except for CSF lactate): CSF red blood cell (p=0.991), CSF white blood cell (p =0.073), CSF protein (p =0.693), CSF sugar
(p=0.501), and CSF lactate (n =48, p=0.673). CSF analysis was mostly performed within a week after brain tumor surgery.

- Tumor pathology (n=179): vestibular schwannoma (p =0.084) and hemangioblastoma (p =0.320).

- Postoperative complications (n = 179): subarachnoid hemorrhage (p =0.573), subdural hemorrhage (p =1.000), meningitis (p =0.681),
pseudomeningocele (p=0.357), and CSF leak (p =0.573).

- Residual tumor (n=179): presence of residual tumor (p =0.239), residual tumor in supratentorial location (p=0.869), residual tumor in
infratentorial location (p = 0.080), residual tumor in cortical location (p = 0.370), residual tumor in midline location (p = 0.755), and residual tumor
in intraventricular location (p =0.120).

hydrocephalus on preoperative cranial imaging, greater pre-
operative ventricular Evans’ index, intra-axial tumor, tumor
arising in subcortical to deep location, tumor located in
midline location, intraventricular tumor, peritumoral vaso-
genic brain edema, heterogeneous tumor enhancement
following intravenous contrast injection, partial tumor re-
section, ventricular exposure, higher postoperative CSF
pressure, glial tumor, tumor excluding meningioma, metas-
tasis, intraparenchymal brain hemorrhage, intraventricular

hemorrhage, absence of subdural hygroma, higher residual
tumor volume, residual tumor in intra-axial location, and
subcortical to deep location were significantly associated
with postoperative hydrocephalus which required shunt
surgery.

Regarding hydrocephalus, 45 (25.1%) of 179 patients had
postoperative hydrocephalus with shunt surgery. New-onset
postoperative hydrocephalus was found in 11 (11.2%) of 98
patients without preoperative hydrocephalus. Of 81 patients
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Table 2 Multivariate analysis for factors associated with postoperative hydrocephalus with shunt surgery

Parameters Crude OR (95% ClI) p-Value Adjusted OR (95% ClI) p-Value
Tumor recurrence before surgery 4.07 (1.65-10.04) 0.001° 4.38 (1.28-14.98) 0.018°
Preoperative hydrocephalus 5.72 (2.66-12.32) < 0.001° 6.52 (2.44-17.46) < 0.001°
Glial tumor 2.89 (1.23-6.76) 0.012° 3.76 (1.14-12.43) 0.030°
Metastasis 2.39 (1.01-5.62) 0.043° 5.19 (1.72-15.69) 0.004°
Intraventricular hemorrhage 6.90 (2.38-20.01) < 0.001° 7.08 (1.80-27.82) 0.005?
Residual tumor volume - 0.006° 1.05 (1.01-1.09) 0.007°
Abbreviations: Cl, confidence interval; OR, odds ratio.
?p-Value < 0.05 indicates statistically significant association.
who had preoperative hydrocephalus, 47 (58%) had complete ROC curve
relief of hydrocephalus following brain tumor surgery. Of 45
patients with shunt surgery, 43 (95.6%) and 2 (4.4%) under- 1.0
went VP and lumboperitoneal shunt procedures, respective-
ly. The median duration between brain tumor surgery and
shunt procedure was 26.5 days (range: 7-1,182 days). There 0.8
was no statistical difference in duration of EVD placement
between the groups with and without postoperative hydro-
cephalus (p =0.480). 2
o ) ) . £ 067
In multivariate analysis, three factors, including tumor S
arising in intra-axial location, subcortical to deep location, =
and residual tumor in intra-axial location, had collinearity in = AuROC = 0.871
linear regression analysis. Therefore, they were excluded » 047
from binary regression analysis. Binary logistic regression
model showed that tumor recurrence before surgery (OR,
4.38; 95% CI, 1.28-14.98; p=0.018), preoperative hydro- 0.2+
cephalus (OR, 6.52; 95% CI, 2.44-17.46; p<0.001); glial
tumor (OR, 3.76; 95% CI, 1.14-12.43; p=0.030), metastasis
(OR, 5.19; 95% CI, 1.72-15.69; p=0.004), intraventricular 0.0 : : - -
hemorrhage (OR, 7.08; 95% CI, 1.80-27.82; p=0.005), and 00 0.2 0.4 06 08 1.0
residual tumor volume (OR, 1.05; 95% CI, 1.01-1.09; 1 - Specificity

p=0.007) were significantly associated with occurrence of
postoperative hydrocephalus which required shunt surgery
(=Table 2). The ROC curve of binary logistic regression model
is presented in =Fig. 1 (AuROC, 0.871; 95% CI, 0.81-0.93;
p <0.001).

The Hosmer-Lemeshow test and calibration curve are
presented in =Fig. 2. The final model included six factors
(5 qualitative factors and 1 quantitative factor). A scoring
system for prediction of development of postoperative
shunt-dependent hydrocephalus was generated and is dem-
onstrated in =Table 3. The optimum cutoff score for discrim-
inating a high and low probability of postoperative
hydrocephalus was 5. This cutoff score showed the best
AuROC (0.78) and the optimum value of sensitivity (73.3%),
specificity (82.8%), with a PPV of 58.9, NPV of 90.2, LR+ of
427, and LR— of 0.32 (~Table 4).

Discussion

Hydrocephalus is a common neurological condition coexist-
ing with intracranial tumors. It can occur as a result of the
tumors or can be encountered as a consequence following
surgical treatment of brain tumors. Several brain tumors

Fig. 1 The receiver-operating characteristic (ROC) curve of binary
logistic regression showing area under the ROC curve (AuROC)
=0.871; 95% confidence interval [Cl], 0.81-0.93; p <0.001.

bring about significant mass effect, obstruction of intracra-
nial CSF pathway, or elevated ICP. These sequelae negatively
impact to cerebral venous outflow and intracranial hemody-
namics, and then may result in development of hydrocepha-
lus. Some patients without preoperative hydrocephalus or
increased ICP may develop new-onset hydrocephalus after
surgery of the tumors, although mass effect caused by the
tumors is surgically treated.’

Incidence of hydrocephalus in patients with brain tumors
varies from study to study. Fischer et al reported that 7.3% of
patients with glioblastoma developed postoperative hydro-
cephalus and required VP shunt implantation.® In regard to
meningioma, Tahara et al found higher incidence of hydro-
cephalus associated with petroclival and posterior cranial
fossa meningiomas, accounting for 13.3 and 16.6%, respec-
tively.® Postoperative hydrocephalus following surgery of
pediatric posterior cranial fossa tumors was encountered
in 28.6 to 46% of patients.”® Our study showed a relatively
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Logistic model for Hydrocephalus with shunt surgery, goodness-of-fit test ~ J-eo=1078 -
CITL =-0.159 7
(Table collapsed on quantiles of estimated probabilities) ESgiz%&gB /,i;/
(There are only 8 distinct quantiles because of ties) . ) ’ A
3 "
Group Prob Obs_1 Exp 1 Obs_0 Exp 0 Total ////
-
/
2 0.0338 2 1.4 39 39.6 41 & ﬂ/////
3 | 0.0374 0 0.4 10 9.6 10 3 P N e Reference
4| 0.1328 1 1:3 15 | 14.7 16 g i & Groups
6 | 0.1856 5 6.1 30 | 28.9 35 2+ 2l 95% Cls
7 | 0.3889 4 3.6 1 | 11.4 15 o P Lowess
P
8 0.5420 11 9%d: 7 8.9 18 '
9 | 0.6773 9| 9.6 7| 6.4 16 = J 7
10 | 0.9638 13 13.5 3 2.5 16 %{/_///
p
(=2 /% 1
number of observations 167 AAi*T‘H+rHHT‘LT‘rrﬂ"TuHLHT*ﬁJ‘ij““¥fLML‘LI;

number of groups = 8 T T T T T T
Hosmer-Lemeshow chi2(6) = 2.04 0 3 4 6
Prob > chi2 = 0.9158 Expected

Fig. 2 The Hosmer-Lemeshow test (A) and calibration curve (B) for the assessment of the model’s calibration. AUC, area under the curve; Cl,
confidence interval.

Table 3 Predictive scores of postoperative hydrocephalus  high incidence of preoperative hydrocephalus (45.3%).
requiring shunt procedure Shunt-dependent postoperative hydrocephalus was found
in 25.1% of total cases. Preexisting hydrocephalus is likely to

HEENE S be cured with eradication of intracranial mass lesion. In our
Tumor recurrence before surgery patients with preoperative hydrocephalus, most of them
Absent 0 (58%) gained complete relief of hydrocephalus after brain
Present tumor resection. In the literature review, new-onset postop-

5,10

erative hydrocephalus was found in 5.9 to 8% of patients.

Preoperative hydrocephalus This study showed that 11 of 98 patients (11.2%) without

Absent 0 preoperative hydrocephalus develop de novo postoperative
Present 3 hydrocephalus. Most of new-onset postoperative hydro-
Glial tumor cephalus often develops in the acute postoperative period'’
we also found the same result and all of them required shunt

No 0 operations in subsequent period.
Yes 2 Regarding univariate analysis of this study, several vari-
Metastasis ables were associated with occurrence of shunt-dependent
No 0 postoperative hydrocephalus. Recurrent brain tumor was a
Ves significant factor associated with postoperative hydroceph-

alus. Our result corresponded with a study conducted by
Montano et al.> They reported that all of 45 glioblastoma

Intraventricular hemorrhage

Absent 0 patients who underwent twice craniotomies or more signif-

Present 3 icantly developed postoperative hydrocephalus (p = 0.0006).

- Patients with recurrent brain tumors carry a greater risk of
Residual tumor volume (cm?) Volume (cm?)/10 x 1 yas

occurrence of hydrocephalus. Adhesion of the arachnoid
Total predictive score > 5 indicating high probability of postoperative ~ mater over the surface of the brain and in the basal cistern
hydrocephalus. likely plays a major role as a cause of hydrocephalus.’

Table 4 ROC curve analysis

Cutoff total Sensitivity (%) Specificity (%) PPV NPV LR+ LR— AuROC (95% CI)
predictive score

>3 91.1 53 39.4 94.7 1.94 0.17 0.72 (0.66-0.78)
>4 75.6 81.3 57.6 90.8 4.05 0.30 0.78 (0.71-0.86)
>5 73.3 82.8 58.9 90.2 4.27 0.32 0.78 (0.71-0.85)
>6 60 90.3 67.5 87.1 6.18 0.44 0.75 (0.67-0.83)

Abbreviations: AuROC, area under receiver operating characteristic curve; LR —, negative likelihood ratio; LR +, positive likelihood ratio; NPV,
negative predictive value; PPV, positive predictive value.
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Presence of preoperative hydrocephalus represented by
ventricular enlargement and high ventricular Evans’ index
was strongly associated with development of postoperative
hydrocephalus in both univariate and multivariate analyses.
Patients with preexisting hydrocephalus may have persis-
tent ventricular enlargement although potential causes of
hydrocephalus are adequately treated. This phenomenon is
possibly caused by chronic disturbance of CSF dynamics and
impaired compliance of the ventricular wall.

A study showed a higher risk of postoperative shunting in
patients with brain tumors involving the midline structures.'?
We also found the similar outcome in univariate analysis of
preoperative brain imaging. Tumor arising in the midline
location, intraventricular location, presence of vasogenic brain
edema around the tumors, and heterogeneous contrast en-
hancement of the neoplastic lesions significantly increased risk
of postoperative hydrocephalus. Nevertheless, these param-
eters had no significant association in multivariate analysis.

In terms of treatment of brain tumors, partial tumor
resection and greater volume of residual tumor significantly
increased risk of postoperative hydrocephalus. Extent of
tumor resection was an important factor in prediction of
requirement of postoperative shunt implantation as
reported in several studies.””>'3 Therefore, an attempt of
complete tumor resection is helpful to diminish risk of
postoperative hydrocephalus and shunt requirement. Radi-
ation therapy is a major factor influencing development of
hydrocephalus following surgical treatment of various types
of brain tumor,® but not in our study. Function of intracra-
nial structures is changed by radiation effects. Fibrosis of
arachnoid granulation and alteration of cerebral vascular
tissue subsequently result in progressive hydrocephalus.'*

In some patients undergoing brain tumor resection, the
cerebral ventricle can be unintentionally exposed during
surgery. When the ventricle is opened, protein and blood
precipitate from surgical site enter the ventricular system,
and could result in impaired CSF absorption, leading to the
onset of communicating hydrocephalus.® Ventricular expo-
sure was a significant variable associating with postopera-
tive hydrocephalus in our univariate analysis, but not in
multivariate analysis.

A study of Kazan et al showed a correlation between longer
duration of increased ICP symptoms and requirement of
postoperative VP shunt implantation. Also, patients with
higher postoperative ICP had a higher rate of shunt depen-
dence.’ We found similar result in univariate analysis, but not
in multivariate analysis. On the other hand, intraoperative ICP,
duration of EVD placement, and results of CSF profile study
were not associated with postoperative hydrocephalus; these
results were consistent with a study of Kumar et al.'?

This study showed that glial tumor and brain metastasis
were major factors predicting occurrence of postoperative
hydrocephalus, whereas patients with meningiomas were
unlikely to develop the hydrocephalus. Incidence of postop-
erative hydrocephalus in glioma patients was 7.3% and
leptomeningeal dissemination of the tumor is a predictive
factor of the hydrocephalus.® The majority of hydrocephalus
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in brain metastasis is found to be coincide with leptome-
ningeal metastasis and the metastatic lesions are usually
multiple or located in deep-seated location where surgical
removal could be incomplete. Metastatic tumor cells and
high protein level in CSF have major role in impairment of
CSF absorption and eventual occurrence of hydrocepha-
lus."'® Furthermore, choroid plexus tumor and craniophar-
yngioma usually extend into the ventricular compartments,
and ventricular approach for removing these tumors has an
increased risk of postoperative hydrocephalus.'’

Intraventricular hemorrhage after brain tumor resection
was a strong predictor of shunt-dependent hydrocephalus in
our study. Blood products clog the arachnoid villi, obstruct
the CSF pathway, bring about inflammation and scar forma-
tion of the CSF cisterns, and eventually result in development
of postoperative hydrocephalus.!” By the way, some studies
including ours reported incoherence between CSF infection,
CSF leak, and requirement of shunt placement.®® On the
contrary, some authors showed an increased risk of hydro-
cephalus in patients with postoperative CSF infection. Men-
ingitis causes acutely elevated ICP, scar formation of the CSF
cisterns, and arachnoid granulation, leading to functional
impairment of CSF circulation, absorption, and development
of hydrocephalus.”

Finally, the authors created a scoring model for predicting
chance of development of postoperative hydrocephalus. The
ROC curve was presented to demonstrate the performance of
predictive scores for analysis of the most appropriate cutoff
score. The predictive scores are useful for investigating
patients who have a great risk in occurrence of postoperative
hydrocephalus and predicting requirement of CSF shunt pro-
cedure in the future. Moreover, the scoring system is helpful to
identify patients who need closed clinical and radiographic
surveillances of postoperative hydrocephalus. Based on datain
this study, the appropriate period of closed surveillance for
development of hydrocephalus in the high-risk patients should
be at least 1 year after brain tumor surgery.

The strengths and limitations of this study should be
mentioned. In terms of the strengths, our study included
patients with clear definition of hydrocephalus and certain
indications of shunt placement for the treatment of hydro-
cephalus after brain tumor surgery. In addition, the predic-
tive scoring model showed predictive scores and optimum
cutoff point that was helpful for identifying brain tumor
patients with high risk for developing postoperative hydro-
cephalus. On the other hand, the major limitations of the
study were heterogeneities in patients’ age, tumor location,
and pathology. Differences of age, tumor location, and pa-
thology may influence the occurrence of hydrocephalus after
brain tumor surgery. Additionally, our study was conducted
retrospectively, and some data were unavailable in some
patients. For example, CSF analysis was not routinely per-
formed, and its data was available in 72 of 179 patients.
However, we tried to collect and verify the data for reducing
the bias. Furthermore, in a rare number of patients with
hydrocephalus, the duration between brain tumor surgery
and shunt placement was more than 2 years. In such cases,
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the occurrence of hydrocephalus might be caused by other
etiologies, such as normal pressure hydrocephalus in elderly
patients.

Conclusions

Incidence of postoperative hydrocephalus was 25.1% of
patients undergoing brain tumor surgery. The strong pre-
dictors of postoperative hydrocephalus that needed shunt
procedure included recurrent tumor before brain tumor
surgery, preoperative hydrocephalus, glial tumor, brain me-
tastasis, intraventricular hemorrhage, and residual tumor
volume. Predictive scores using optimum cutoff point are
useful for detecting patients susceptible to develop postop-
erative hydrocephalus. Closed surveillance of clinical and
radiographic status of hydrocephalus in high-risk patients
should be advocated, and CSF shunt procedure is considered
when obvious evidence of hydrocephalus is encountered.
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