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Posttraumatic Hydrocephalus in Pediatric Patients After Decompressive Craniectomy
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OBJECTIVE: The risk for developing posttraumatic hy-
drocephalus (PTH) is higher when patients undergo
decompressive craniectomy as part of their treatment. The
purpose of this study is to determine the prevalence of PTH
after decompressive craniectomy in pediatric patients and
determine associated risk factors that may lead to PTH.

METHODS: A retrospective analysis was conducted by
searching the Puerto Rico neurologic surgery database
from 2010 to 2019. All pediatric patients (1—18 years old) at
the University Pediatric Hospital of the Puerto Rico Medi-
cal Center who had traumatic brain injury and had a
decompressive craniectomy were included in the study.
Data were reviewed to determine if time to decompressive
craniectomy, side of decompressive craniectomy, gender,
mechanism of trauma, amount of subarachnoid hemor-
rhage, and time to cranioplasty were risk factors for the
development of PTH.

RESULTS: Incidence of PTH after decompressive cra-
niectomy was 21%. Neither gender, side of decompressive
craniectomy, mechanism of trauma, amount of subarachnoid
hemorrhage, time from trauma to decompressive craniectomy,
nor cranioplasty intervention had statistical significance for
developing PTH. Time from decompressive craniectomy to
cranioplasty was significant for development of PTH.

CONCLUSIONS: Longer time to cranioplasty was asso-
ciated with an increased likelihood of PTH. We recommend
performing cranioplasty as soon as possible to reduce
hydrocephalus development.

INTRODUCTION

osttraumatic hydrocephalus (PTH) is an active and pro-
gressive process of excessive cerebrospinal fluid (CSF)

accumulation due to fluid dynamic disturbances following
craniocerebral injury. The incidence of PTH has been previously
cited to occur from 0.7%—54%."> In the pediatric population,
PTH occurs in approximately 1%%°> of children who sustained a
traumatic brain injury (TBI) and is more common in those
younger than 1 year of age.* The risk for developing PTH is
higher when patients undergo decompressive craniectomy (DC)
as part of their treatment. Studies have shown that in pediatric
patients the incidence can range from 15%—40% after DC.°
Longer duration of coma, increased age, DC, and subarachnoid
hemorrhage (SAH) have been reported to increase the risk of
developing PTH.” The diagnosis of hydrocephalus requires the
demonstration of dilated ventricles without sulci enlargement
and the development of any associated clinical symptoms, such
as headache, nausea/vomiting, and decreased neurologic status.
PTH must be differentiated from ventricular enlargement
secondary to posttraumatic cerebral atrophy.

The etiology and associated risk factors of PTH must be
determined for proper treatment and prevention. Previous studies
have shown that factors such as altered intracranial pressure dy-
namics, mechanical blockage, or inflammation of the arachnoid
granulations by postsurgical debris may contribute to developing
hydrocephalus.” The arachnoid granulations function as pressure-
dependent 1-way valves from the subarachnoid space to the
draining venous sinuses, making it possible that disruption of
pulsatile intracranial pressure dynamics secondary to opening the
cranial vault results in decreased CSF outflow.® In cases of SAH
and traumatic intracranial hematoma, mechanical blockage or
inflammation of the arachnoid granulations might promote
hydrocephalus.®
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In pediatric patients, DC only provides benefit in select cases
and therefore should only be performed following strict guide-
lines. Although the mortality rate for children with severe TBI
remains high, DC is effective in reducing intracranial pressure and
is associated with good outcomes on appropriate cases.” The
purpose of this study is to determine the prevalence of PTH
after DC in pediatric patients and associated risk factors that
may lead to PTH.

METHODS

This study was performed at the University Pediatric Hospital of
the Puerto Rico Medical Center and approved by the University of
Puerto Rico Medical Sciences Campus Institutional Review Board.
A retrospective analysis was conducted by searching the neuro-
logic surgery database from November 2010 to March 2019. In-
clusion criteria for the study consisted of the following: pediatric
patients (1—18 years old) who had TBI and had undergone DC and
patients required to have a head computed tomography (CT) scan
or a brain magnetic resonance imaging at least 6 months after DC.
Clinical and imaging data were reviewed from patient’s charts to
determine if time to DC, side of DC, gender, mechanism of
trauma, amount of SAH on the initial head CT scan, and time to
cranioplasty were risk factors for the development of PTH. PTH
was defined and confirmed by radiologic evidence of progressive
ventricular dilatation (Evans index of at least 0.3) and the presence
of clinical deterioration resulting in neurologic worsening over
time. The amount of SAH for each case was determined using the
Morris-Marshall classification using the initial head CT scan.’
Cranioplasty was defined as the surgical repair of a defect or
deformity of the skull using an autologous bone graft, which
was previously saved in the patient’'s abdomen or an allograft
mesh. Uniform criteria and indications for DC were used for the
entire series and study time frame. Similar uniform criteria for
cranioplasty were used. The endpoint for the surveillance for
hydrocephalus was until the cranioplasty was performed. To
determine the relationship between the variables of interest and
development of posttraumatic hydrocephalus, Fisher exact test
and Pearson point-biserial correlation were estimated for cate-
gorical and continuous variables, respectively. A P value <o.05 was
considered statistically significant. Statistical analysis was per-
formed using R (version 3.4.4).

RESULTS

A total of 39 patients who had TBI and underwent DC were
identified between 2010 and 2019 in the Puerto Rico Medical
Center Neurological Surgery database. Of these patients, only 34
had clinical and radiologic follow-up at 6 months. The sample
mean age was 12.6 (SD = 5.2) years and consisted of g females
(26%) and 25 males (74%). In 15 cases, the DC was performed on
the right side, in 17 cases it was on the left. One bifrontal and 1
bilateral DCs were performed (Table 1). The mechanisms of
trauma were widely varied; motor vehicle and pedestrian
accidents were the most frequent. The amount of SAH was also
widely varied in each case. Twenty-four (70%) cases had a cra-
nioplasty procedure performed after DC. A patient was deemed
ready for the cranioplasty as soon as he or she was medically stable
to undergo general anesthesia, was free of any infectious source,

Table 1. Demographics; Sample Consisted of 34 Cases of

Decompressive Craniectomy

Characteristic Number %
Sex
Female 9 265
Male 25 /315
Side
Left 17 50.0
Right 15 44.1
Bifrontal 1 29
Left and right 1 29
Cranioplasty
Yes 24 705
No 10 29.4
Hydrocephalus
Yes 7 206
No 27 79.4
Mechanism
All-terrain vehicle 4 11.8
Bicycle 1 29
Ground-level fall 2 519
Gunshot wound 3 8.8
Horse 3 8.8
Moto 5 14.7
Motor vehicle accident 8 235
Pedestrian 7 206
Unknown 1 29
Subarachnoid hemorrhage grade
0 4 11.8
1 " 324
2 8 2315
3 2 519
4 9 26.4

and brain swelling had decreased to the point where the skin flap
was soft and slightly below the bone edge to accommodate the
graft. A few patients received the cranioplasty during the initial
hospitalization, but the majority were performed during a subse-
quent hospitalization. If a patient developed permanent hydro-
cephalus before the cranioplasty, he or she was treated with a
shunt and underwent cranioplasty as soon as possible. Ten pa-
tients did not have a cranioplasty performed because they died
sometime after the inclusion criteria of the 6-month radiologic
follow-up was met or the parents did not consent for the surgery
due to the critical comatose state of their child. Seven (21%) pa-
tients developed PTH after DC.
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Table 2. Risk Factors for Posttraumatic Hydrocephalus Patients

Hydrocephalus
Yes No
Risk Factor Number % Number % P Value
Sex 1
Female 2 22.2 7 71.7
Male 5 20.0 20 80.0
Side 0.4025
Left 5 294 12 705
Right 2 13.3 13 81.2
Cranioplasty 0.3943
Yes 4 16.7 20 83.3
No 3 30.0 7 700
Mechanism 0.2664
All-terrain vehicle 1 250 3 75.0
Bicycle — — 1 100
Ground-level fall — — 2 100
Gunshot wound 2 66.7 1 333
Horse — — 3 100
Moto — — B 100
Motor vehicle accident 2 250 6 75.0
Pedestrian 1 14.3 6 85.7
Unknown 1 100 = 0
Subarachnoid hemorrhage grade 0.6642
0 1 250 3 75.0
1 4 36.4 7 63.6
2 1 12.5 7 87.5
3 = = 2 100
4 1 1.1 8 88.8

We analyzed the 7 cases that developed PTH with 5 different
variables to determine if gender, side of DC, mechanism of
trauma, amount of SAH on the initial head CT scan, or cranio-
plasty had an association with the development of hydrocephalus,
but no statistically significant association for developing PTH was
found (Table 2). Using point-biserial correlation, we evaluated if
age, time from traumatic event to DC (days), and time to cra-
nioplasty (days) were statistically significant. Our findings
demonstrated that mean age for the nonhydrocephalus group was
13.3 and 11.9 for the PTH group, respectively, with a P value of
0.577 (Table 3). In the PTH group, time from trauma to DC
showed a mean of 1.0 days and in the nonhydrocephalus group
there was a mean of 2.2 days with a P value of 0.333. Time from
DC to cranioplasty was measured between the PTH and the

nonhydrocephalus group, and the average time in days was
272.3 in the PTH group and 127.5 in the nonhydrocephalus
group with a P value of 0.034.

DISCUSSION

TBI is one of the most common causes of death and disability in
young people. In a recent meta-analysis including adult and pe-
diatric patients, it was reported that PTH in patients undergoing
DC was 17.7%.° Our results demonstrate that the incidence of PTH
after DC was 21% in pediatric patients, which is smaller when
compared with 37.6% reported by the meta-analysis by Fattahian
et al,® when only the pediatric population was included. Others
have reported a pediatric incidence of PTH in 29%—42% of the
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Table 3. Association Between Variables and Development of Posttraumatic Hydrocephalus

Hydrocephalus

Risk Factor Yes Mean (SD) No Mean (SD) Correlation Coefficient P Value
Age 11.9 (6.6) 133 (5.7) —0.101 0.577
Time to decompressive craniectomy (days) 1.0 (1.3) 2.2 (3.0) —0.174 0.333
Time to cranioplasty (days) 272.3 (121.2) 127.5 (116.5) 0.433 0.034

patients with DC.”">" Several studies have shown significant
factors that may lead to PTH after DC. Honeybul and Ho™
found that the development of hydrocephalus was associated
with low-admission Glasgow Coma Scale score and subdural
hygroma on head CT. Poor Glasgow Coma Scale score (<8) or the
severity of brain injury and older age (>65) has also been impli-
cated for high incidence of PTH.” Our study data comprise
exclusively a pediatric population. We tried to determine if time
to DC and/or time to cranioplasty had any effect in PTH in this
pediatric population. Randomized controlled trials have shown
that younger age is associated with shunt-dependent hydroceph-
alus after DC."* In our study we found that neither gender, age,
side of DC, mechanism of trauma, amount of SAH on the initial
head CT scan, nor cranioplasty had any statistical significance as
a risk factor for developing hydrocephalus. Our results depicted
a tendency that linked earlier DC with the PTH group, with the
patients who developed PTH having an average time from initial
trauma to DC of 1 day in comparison with the
nonhydrocephalus group of 2.2 days, as shown in Table 3. It is
important to note that an earlier DC is usually associated with a
greater severity of the brain injury, which may contribute to the
development of PTH.

Patients who underwent earlier cranioplasty were most
commonly found in the nonhydrocephalus group. The average in
days from DC to cranioplasty was 127.5 in the non-PTH group in
comparison with 272.3 in the PTH group. Our findings correlate
with previous studies performed by Bonow et al* in children and
Nasi et al® in adults, who showed that delayed cranioplasty was
associated with a greater increased likelihood of PTH. Early
cranioplasty in children who require craniectomy may reduce the
risk for PTH.* We think that the cause of PTH after DC is
multivariate, and several risk factors may influence its
development.
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