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Purpose: Cranioplasty itself is believed to have therapeutic effects on hydrocephalus.
The goal of this study was to evaluate the hypothesis that not every patient with hydro-
cephalus after decompressive craniectomy needs cerebrospinal fluid diversion, and that
cranioplasty should be performed before considering cerebrospinal fluid diversion.
Methods: Data were collected from 67 individual traumatic brain injury patients who
underwent cranioplasty between January 1, 2019 and December 31, 2019. Patients’ clin-
ical and radiographic progression was reviewed retrospectively based on their medical
records.

Results: Twenty-two of the 67 patients (32.8%) had ventriculomegaly on computed
tomography scans before cranioplasty. Furthermore, 38 patients showed progressive
ventriculomegaly after cranioplasty. Of these 38 patients, only six (15.7%) showed wors-
ening neurologic symptoms, which were improved by the tap test; these patients even-
tually underwent ventriculoperitoneal shunt placement.

Conclusions: Cerebrospinal fluid diversion is not always required for radiologically
diagnosed ventriculomegaly in traumatic brain injury patients after decompressive
craniectomy. A careful clinical and neurologic evaluation should be conducted before
placing a shunt.
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INTRODUCTION

Decompressive craniectomy (DC) is frequently performed
in patients with severely increased intracranial pressure
due to several conditions, including traumatic brain inju-
ry (TBI) [1-6]. During the recovery period, cranioplasty
(CP) is often indicated for protective and cosmetic pur-
poses [2]. Furthermore, cranial defects that occur after
DC can lead to syndrome of the trephined and additional
injury [7,8].

Meanwhile, many patients also show hydrocephalus af-
ter DC; post-traumatic hydrocephalus has been reported
to occur in 0.7-86% of patients [9,10]. The mechanism
of hydrocephalus after DC has not been clearly identified,
but in addition to the initial insult, a large cranial defect
could lead to turbulence in the hydrodynamics of cere-
brospinal fluid (CSF) circulation and cerebral perfusion
due to exposure to atmospheric pressure, followed by
hydrocephalus [11-15]. If the aforementioned hypothesis
is true, CP itself has therapeutic effects on hydrocephalus
[12,13,16]. However, the current indications for CP and
various CSF techniques for diversion, including ventricu-
loperitoneal shunt (VPS) placement, are largely subjective
and based on personal or institutional preferences. In
some cases, CP and VPS are performed simultaneously
despite the well-known risks and complications of VPS.
We hypothesized that not every patient with hydrocepha-
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lus after DC needs VPS, and that CP should be performed
before considering VPS.

METHODS

Data were collected from 71 individual TBI patients who
underwent CP in a regional trauma center of Pusan Na-
tional University Hospital between January 1, 2019, and
December 31, 2019. Of the 71 patients, four patients who
underwent CP were excluded because of postoperative in-
fections. As a result, 67 patients were enrolled. Radiologic
data and patients’ neurologic progression were reviewed
retrospectively through their electronic medical records.
To evaluate of the necessity of VPS placement, the size
of the ventricle and the patient’s neurologic condition
were checked. Hydrocephalus after TBI was defined as
1) an Evans index greater than 0.3 on brain computed
tomography (CT); 2) a progressive increase in ventricular
size; 3) periventricular white matter showing low density
on CT; and 4) neurologic improvement after the with-
drawal of CSF via a tap test (Fig. 1). The neurologic evalu-
ation was performed using the Rancho Los Amigos scale.
CP was performed on all patients using autologous
bone stored in the bone bank. To compare ventricu-
lomegaly before and after CP, the Evans index (the largest
width of the frontal horns to the maximal biparietal di-

Fig. 1. (A) Computed tomography (CT) images showing progressive ventriculomegaly. The maximal biparietal diameter was checked on the initial CT
images. (B, C) The largest width of the frontal horns was measured on similar slices before and after cranioplasty.
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ameter measured in the same CT slice) was checked just
before CP and about 1 month after CP. Because of skull
bone defects after DC, the maximal biparietal diameter

Table 1. Characteristics of patients in the present study

Characteristics Value
Number of patients 67
Male 49
Female 18
Mean age (years) 495
Mean time from DC to CP in days 66.6
Mean time from CP to VPS in days 130
Pathology
ICH 48
IVH 14
SAH 49
SDH 52
EDH 21
Calvarial fracture 45
Basal skull fracture 20

DC: decompressive craniectomy, CP: cranioplasty, VPS: ventriculoperi-
toneal shunt, ICH: intracranial hemorrhage, IVH: intraventricular hemor-
rhage, SAH: subarachnoid hemorrhage, SDH: subdural hemorrhage, EDH:
epidural hemorrhage.
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was measured on the initial CT scan at the time of admis-
sion. A tap test was performed in patients with worsening
neurologic symptoms or advanced hydrocephalus on
follow-up CT. Approximately 50 cc of CSF was removed
from the patient through a lumbar puncture. If the tap
test led to symptom improvement, it could be predicted
that VPS placement would have positive effects. There-
fore, when a patient showed neurologic improvement af-
ter the tap test, VPS placement was performed. Otherwise,
the patient was monitored at the outpatient department
on a regular basis.

Correlations between various radiographic parameters
regarding the degree of ventriculomegaly and VPS were
examined using the Mann-Whitney test. The Fisher exact
test was employed to analyze correlations between the
prevalence of preoperative ventriculomegaly and VPS. All
statistical analyses were conducted with the SPSS statisti-
cal software package version 22.0 (IBM Corp., Armonk,
NY, USA). A p-value of less than 0.05 was considered to
indicate statistical significance.

RESULTS

The patient characteristics are summarized in Table 1.

Total number of patients

67
Lesser than 0.3 Larger than 0.3
Evans index 45 22
Change of Evans inde | | | |
bgefore g R ftelr X Decrease Equal Increase Decrease Equal Increase
) 10 7 28 8 3 10
cranioplasty
Neurologic status ‘ ‘ ‘
improvement 2 2 1 1
via tap test | | | |

Fig. 2. Progression of ventriculomegaly before and after cranioplasty.

238 https://doi.org/10.20408/jti.2020.0072

Ventriculoperitoneal shunt
6



The male-to-female ratio was 49:18 and the mean age
was 49.5 years (range 8-78 years). Twenty-two of the 67
patients (32.8%) had an Evans index greater than 0.3 on
preoperative CT scans, and 38 (56.7%) showed an in-
creasing ventricle size about 1 month after CP. During
careful follow-up, only six of these patients (15.7%, 8.9%
of enrolled patients) showed worsening neurologic symp-
toms that were improved by the tap test. These patients
underwent VPS (Fig. 2). No complications were reported.

The mean Evans index of these six patients was 0.361
before they underwent CP (Table 2). The patients’ ven-
triculomegaly improved somewhat after CP and before
VPS placement, as the mean Evans index value decreased
to 0.358. The size of the ventricle decreased in two pa-
tients, stayed the same in one patient, and increased in
three patients after CP.

Table 2. Characteristics and progression of six patients who
underwent VPS placement

Case No. Age/sex Evans index
Before CP After CP

1 61/M 0160 002
2 2I/M 0299 0321
3 65/F 0380 0324
4 45/M 0382 0382
> 53/F 0455 0478
g 24/M 0493 0421
Mean 448 0.361 0.385

VPS: ventriculoperitoneal shunt, CP: cranioplasty, M: male, F: female.
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No statistically significant differences were found in the
degree of ventriculomegaly according to whether patients
underwent VPS placement. The largest width of the fron-
tal horn and Evans index were compared, both before and
after CP. We were unable to find statistically significant
differences in the prevalence of ventriculomegaly (Ev-
ans index greater than 0.3) before CP between these two
groups (Table 3).

DISCUSSION

The mechanism of hydrocephalus after DC was briefly
described in the Introduction section, but in more detail,
hydrocephalus occurring after DC may be presumed to
be due to several factors. These factors have been reported
to be 1) neuronal cell loss and severe atrophy of the brain
parenchyma due to local destructive or ischemic lesions,
2) adhesive arachnoiditis of the basal cisterns, 3) blood
blockage and dysfunction of the arachnoid granules, and
4) internal displacement of the scalp and reduction in
CSF flow in the convexity due to the gradient between
the atmospheric pressure and the intracranial pressure
[10,17,18]. It is also assumed that the size of the ventricle
will gradually increase to a certain critical point due to
factors 1), 2), and 3), which persist after CP. In this study,
38 out of 67 patients (56.7%) showed ventricular enlarge-
ment after CP. However, only six of them developed pro-
gressive, clinically evident hydrocephalus. This suggests
that CP itself could act as a defense against atmospheric

Table 3. Radiographic characteristics of the patients who underwent VPS placement

VPS Without VPS p-value

Number of patients 6(9.0) 61(91.0)
Mean value of largest width of frontal horn (mm)

Before CP 49,000 38967 0.067

After CP 48500 41607 0.132
Mean value of Evans index

Before CP 0.361 0.287 0.056

After CP 0.358 0.307 0.121
Number of patients with an Evans index greater than 0.3 before CP 4(66.7) 18 (29.5) 0.852

Values are presented as number (%).
VPS: ventriculoperitoneal shunt, CP: cranioplasty.
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pressure and promote the recovery of CSF flow, thereby
exerting a therapeutic effect on hydrocephalus [13,19].
Therefore, radiographic evidence of ventriculomegaly
itself cannot be an absolute indication for VPS. Instead,
each individual patient’s clinical and neurologic progres-
sion must be taken into consideration. As a consequence,
we did not proceed with VPS in all patients, even in those
with ventriculomegaly. The authors also strongly recom-
mend making a clinical diagnosis through the tap test.
A positive response to the withdrawal of CSF has been
reported to have a positive predictive value in the range of
73-100% [20-22]. In addition, VPS has well-known com-
plications, such as wound healing problems, bleeding,
malfunction, and infections [23,24]. It was also reported
that when CP and VPS placement were performed simul-
taneously, the complication rate was higher than that of
staged surgery [11,25].

In this study, authors were unable to find a statistically
significant difference in prevalence of ventriculomegaly
before CP or in the degree of ventriculomegaly according
to whether patients eventually underwent VPS placement.
Furthermore, two patients who did not have ventricu-
lomegaly before CP had a gradual increase in ventricle
size on follow-up CT and eventually required a VPS.
Therefore, careful neurologic examinations throughout a
sufficient follow-up period are advised for every patient
who undergoes CP.

The current study has several limitations. First, this
study examined a small number of patients in a retro-
spective manner. Second, the follow-up period was rela-
tively short. Post-traumatic hydrocephalus is a gradually
progressive condition, and therefore much longer-term
follow-up is necessary to investigate the progress of hy-
drocephalus after CP. Further randomized prospective
studies with a larger sample size are required to assess the
possible indications for VPS placement after DC.

Nonetheless, our findings suggest that VPS placement
is not always required for radiologically diagnosed ven-
triculomegaly in head trauma patients after DC. A careful
clinical and neurologic evaluation should be conducted
before placing a VPS.
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CONCLUSION

Our results suggest that a VPS is not necessarily required
for ventriculomegaly after DC in TBI patients. Perform-
ing both CP and VPS placement can also lead to various
complications. Therefore, CP should be performed first
and a VPS can be considered after careful observation in
selected patients with progressive radiographic findings,
worsening neurologic status, and a positive tap test.
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