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Evaluation of Pediatric Hydrocephalus: Clinical, Surgical, and Outcome

Perspective in a Tertiary Center

Abstract

Context: Pediatric hydrocephalus (PH) results in significant clinical and psychosocial morbidity in
pediatric population. Aims: The aims of the study are to evaluate clinical, surgical, and outcome
perspective of PH patients of age <12 years. Settings and Design: This is a retrospective cohort
study. Materials and Methods: This study includes 117 pediatric patients (age <12 years) of
hydrocephalus due to various etiology admitted in our department between September 2018 and
December 2020. Demographic profile, etiology, clinical presentation, management, complications
and postoperative outcome characteristics were evaluated. Survival analysis was done with respect to
etiology and age group. Statistical Analysis Used: P < 0.05 was considered statistically significant.
Unpaired #-test and Chi-square test were used. Kaplan—Meier curve plotting and survival analysis
were also done. Results: Male-to-female ratio was 1.3:1. Most frequent etiology of PH was
postinfectious (35%). Posterior fossa pilocytic astrocytoma (34.2%) was the most common neoplastic
etiology. Surgical procedure performed for PH was ventriculoperitoneal shunting (n» = 103), Ommaya
reservoir (n = 2) placement, and endoscopic third ventriculostomy (ETV) (n = 8). Mortality was
significantly (P = 0.0139) more in patients of neoplastic etiology. Cognitive deficits and delayed
developmental milestones were significantly (P < 0.05) more in congenital hydrocephalus etiology.
There was a nonsignificant difference in survival between age groups (P = 0.1971). However, a
significant survival difference was evident (P = 0.0098) for etiology. Conclusions: Disease-specific
mortality is main cause of mortality in PH. Neoplastic etiology PH has poor survival when compared
to others. Life-long routine controls are required to avoid future possible complications and enhance
better rehabilitation of the child.

Keywords: Congenital hydrocephalus, endoscopic third ventriculostomy, pediatric hydrocephalus,
postinfectious hydrocephalus, survival, ventriculoperitoneal shunt

Introduction comparison to developed world. Congenital
Pediatric  hydrocephalus (PH) (namely, hydrocep halus co I.1talns heterogs:nous
etiology comprising of primary

congenital, prematurity germinal matrix
bleed, postinfectious, and neoplastic) when
compared to adult patients of hydrocephalus is
more complicated and has significantly more
developmental and cognitive morbidities.
Hydrocephalus may be defined as “an active
dilatation of the ventricles resulting from
imbalance between cerebrospinal fluid (CSF)
production in ventricles and its absorption to

aqueductal stenosis (PAS), Dandy—Walker
malformation (DWM), germinal matrix
hemorrhage (GMH) and intrauterine
infections leading to gliosis, intraventricular
space-occupying lesions, X-linked
hydrocephalus and Chiari malformations,
neural tube defects, and many other
syndromic and genetic disorders.[*”

systemic circulation.”!) Acquired hydrocephalus in  pediatric
. - . . opulation is  commonl attributed
Hydrocephalus in pediatric population is popw . . noniy: .
havine hieh bidi d Htality. Th to intracranial infections, intracranial
aving high morbidity and mortality. 1he hemorrhage (especially intraventricular

prevalence of hydrocephalus in pediatric
population varies from 30 to 423 per
100,000 pediatric population in various
reported  studies®!  with  prevalence
been higher in developing nations in

hemorrhage [IVH] and subarachnoid bleed),
benign and neoplastic lesions.[

Computed tomography (CT) and magnetic
resonance imaging (MRI) of brain are
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the common radiological modalities for evaluating and
diagnosing PH [Figure 1]. Measuring ventricle size on MRI
or CT is quite helpful in cases of diagnostic dilemma.®
MRI is superior for evaluating ventricle size, etiological
diagnosis, endoscopic third ventriculostomy (ETV) patency,
and parenchymal changes. Sensitivity of CT scan when
compared to MRI is more for catheter tip localization if it
is used as an adjunct with neuronavigation.

Surgical modalities such as ventriculoperitoneal (VP) shunt,
ETV, and Ommaya reservoir (in selected cases) depend on
surgeon’s preference and indications.

In this study, we aim to evaluate clinical, surgical, and
outcome perspective of PH patients of age <12 years.
This study will hopefully serve the purpose of analyzing
hydrocephalus in pediatric population and its effects on
pediatric age groups.

Materials and Methods

This retrospective cohort study consisted of 117 pediatric
patients (age <12 years) of hydrocephalus due to various
etiologies admitted in our department between September
1, 2018, and December 30, 2020.

This retrospective cohort study was done in two phases:
a cross-sectional phase where the patients included in
the sample were evaluated for the following described
variables and a follow-up phase at hospital discharge and
at subsequent outpatient department (OPD) visits by the
patient. Each patient was evaluated in terms of demographic
profile, etiology of hydrocephalus, clinical presentation,
management, CSF diversion procedures used, complications,
and postoperative outcome characteristics. Survival analysis
was also done with respect to etiology and age group of PH.

Medical and surgical records submitted in medical record
section of our institute were used to collect data of these
117 patients retrospectively. Follow-up data were collected
from OPD records.

Cerebrospinal fluid diversion procedure

We used medium pressure VP shunt (Chhabra shunt) either
bacterial resistant (silver impregnated) or nonmedicated for
VP shunting. Ommaya reservoir was used in few patients of
septic meningitis and IVH with HCP which was converted
to permanent shunt after resolution of IVH and CSF
infection. ETV was done in some patient of PAS, neoplasm,
and postinfectious hydrocephalus. Choice of CSF diversion
procedure was decided by senior author preferences. All
procedures were done under general anesthesia under
neuronavigation guidance. CSF collected during the
surgery was sent for analysis. Assessment of shunt function
was done by history (headache, vomiting, convulsions),
neurological examination (vision, motor, and sensory), local
examination (inspection and palpation of shunt system and
testing of shunt pump for refill), and CT/MRI scans. Shunt
complications were managed accordingly.

Statistical analysis

The data were summarized using medians/mean and counts
and percentages. Differences of significance were evaluated
by unpaired #-test and Chi-square test. Kaplan—-Meier curve
was plotted for survival analysis with respect to age group
and etiology of PH. Survival analysis was done using
Log-rank (Mantel-Cox) test (MCT), Log-rank test for
trends (LTT), and Gehan—Breslow-Wilcoxon test (GBW).
Values with P < 0.05 were considered statistically significant.
GraphPad Prism software was used for statistical analysis.

Results

A total of 117 pediatric patients (age <12 years) were
admitted during the study period. Out of these patients,
50 patients were female and 67 patients were males and
male-to-female ratio was 1.3:1. Number of pediatric patients
with age <1 year was 23, between 1 and 6 years was 51 and
between 6 and 12 years was 43. Most common etiology of PH
was postinfectious (35%) (septic —9.4%; tubercular—25.6%)
followed by neoplasm (32.5%) and aqueductal stenosis
(12.8%) [Table 1]. Among neoplastic etiologies, posterior
fossa pilocytic astrocytoma (13, 34.2%) was most common
followed in succession by medulloblastoma (11, 28.9%),
craniopharyngioma (6, 15.8%), intraventricular tumor
(4, 10.5%), and brainstem glioma (4, 10.5%). Out of
all patients, 12 patients of neoplasm, 14 patients of
posttuberculous meningitis hydrocephalus, and 6 patients
of shunt block were operated on emergency basis due
to rapid neurological deterioration and features of raised
intracranial tension. Emergency VP shunting was done in all
of them.

Most common symptoms were general irritability (52.1%)
and headache (49.6%) [Table 2]. Most common signs

Figure 1: Noncontrast computed tomography scan axial sections of brain
of a child showing. (a) Posterior fossa tumor compressing 4t ventricle
leading to hydrocephalus; (b) Postinfectious hydrocephalus with dilatation
of all ventricles; (c) Dandy—Walker malformation with large posterior fossa
cyst communicating with 4t ventricle and hydrocephalus; (d) Primary
aqueductal stenosis with dilatation of third and lateral ventricles but
normal 4" ventricle
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were progressive increase in head circumference (31.6%),
bradycardia  (27.3%), and  hypertension  (27.3%)
[Table 2 and Figure 2].

Of 117 patients, 114 patients (97.5%) underwent

surgical intervention while three patients (2.5%)
were managed conservatively (neonates with GMH
leading to hydrocephalus). Most common surgical

procedure performed for addressing hydrocephalus was
VP shunting (n = 103, 90.3%) followed by Omaya
reservoir (n = 2, 1.7%) and ETV (n = 8, 7%). Mean
duration of follow-up was 7.2 months with range of
1-13 months.

Table 1: Etiology of pediatric (<12 years) hydrocephalus

(n=117)

Etiology Number of patients, n (%)
Neoplasm 38 (32.5)
Aqueductal stenosis 15 (12.8)
Dandy-Walker malformation 5(4.3)
Postinfectious 41 (35)
Septic 11(9.4)
Tubercular 30 (25.6)
Posttraumatic 3(2.6)
GMH in premature infants 3(2.6)
Failed shunt 11 (9.4)
Spina bifida with HCP 1(0.9)

HCP - Hydrocephalus; GMH — Germinal matrix hemorrhage

Table 2: Clinical presentation

Clinical presentation Number of
patients, n (%)

Poor feeding 31 (26.5)
Vomiting/nausea 43 (36.7)
General irritability 61 (52.1)
Drowsiness 44 (37.6)
Seizure 27 (23.1)
Impaired eye movements 4(3.4)
Bradycardia 32 (27.3)
Hypertension 32(27.3)
Prominent scalp veins 29 (24.8)
Loss of vision 17 (14.5)
Headache 58 (49.6)
Double vision 2(1.7)
Loss of bladder control 6(5.1)
Personality changes 3(2.6)
Loss of memory 13 (11.1)
Progressive increase in head circumference 37 (31.6)
Bulging of the fontanels 26 (22.2)
Neck pain 12 (10.3)
Transient blurring of vision 10 (8.5)
Spastic weakness of lower limbs 6(5.1)
Failure of upward gaze 31(26.5)
Sunset sign 31 (26.5)
Cranial nerve VI palsy 2(1.7)

VI - Abducens nerve

Surgical outcome resulted in uneventful recovery of
hydrocephalus in 60.5% patients. Patients with neoplastic
etiology were either operated in the same setting
(13, 34.2%) or operated in second setting after CSF
diversion procedure (25, 65.8%). Most common shunt
related complications were shunt obstruction (11.6%)
followed by shunt infection (5.8%) and shunt
extrusion (4.8%) [Table 3 and Figure 2b-d]. In this
PH cohort, disease-specific mortality was 10.5% and
shunt-related mortality was 1.7% [Table 3].

Chronic headache (18.8%), loss of vision (14.5%),
seizure (11.1%), and cognition deterioration (11.1%) were
common clinical morbidities that persisted after CSF
diversion procedures or conservative management. Most

common psychosocial outcome evident during follow-up
was school drop (29%) [Table 3].

On analyzing PH outcome in relation to etiology, mortality
was significantly (P = 0.0139) more in patients of neoplastic
etiology. Cognitive deficits (P = 0.0151) and delayed
developmental milestones (P < 0.0001) were significantly
more in congenital hydrocephalus etiology (aqueductal
stenosis and DWM). Shunt failure, shunt infection,
recovery, neurological deficits, seizure, vision loss, and
chronic headache were not significantly associated with
etiology of PH [Table 4].

Aqueductal stenosis (P = 0.0445), DWM (P = 0.0022),
and GMH (P = 0.0019) as an ectiology to PH were
significantly more in the age group of <1 year [Table 5].
Psychosocial morbidity was significantly (P = 0.0015)
more in age groups 1-6 years and 6-12 years [Table 5].
There was no significant difference (P > 0.05) in terms
of shunt complications, ETV failure, neurological
morbidity, and mortality between the three age
groups [Table 5].

Figure 2: (a) A child with progressive hydrocephalus showing increased
head size and sunset sign; (b) Shunt migration and per rectal appearance
in a child; (c) Distal ventriculoperitoneal shunt catheter extrusion in right
hypochondrial region.; (d) Top view of head of an infant with shunt over
drainage resulting in sunken fontanel
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On comparing type of shunt and its complication, shunt
infection was significantly less (P = 0.0236) in patients in
whom silver-impregnated shunt was used when compared
with standard shunt. No significant difference was
observed with respect to shunt block, shunt extrusion, shunt
disconnection, shunt migration, and shunt over drainage
between the two types of shunt used [Table 6].

Table 3: Outcome of pediatric hydrocephalus
management
Number of patients, n (%)

Outcome characteristics
Surgical outcome (n=114)

Uneventful recovery 69 (60.5)
VP shunting (n=103)
Shunt obstruction 12 (11.6)
Shunt infection 6(5.8)
Shunt migration 2(1.9)
Shunt extrusion 5(4.8)
Shunt kinking 2(1.9)
Shunt disconnection 1(1)
Shunt over drainage 2(1.9)
Subdural hematoma 1()
ETV (n=8)
ETV failure 2 (25)
Total mortality
Disease specific 12 (10.5)
Shunt related 2(1.7)
Clinical morbidity (n=117)
Cognition deterioration 13 (11.1)
Motor system 9(7.7)
Vision 17 (14.5)
Seizure 13 (11.1)
Chronic headache 22 (18.8)
Neuroendocrine problem 3(2.6)
Psychosocial outcome
School drop 34(29)
Social integration impairment 23 (19.6)
Delayed developmental 22 (18.8)
milestones

VP — Ventriculoperitoneal; ETV — Endoscopic third ventriculostomy

Age group in relation to mortality was plotted in
Kaplan—Meier survival curve [Figure 3a]. There was
nonsignificant survival difference between three age groups
using MCT (P = 0.1971), LTT (P = 0.0758), and GBW
test (P = 0.4166).

Etiology of PH in relation to mortality was plotted in
Kaplan—Meier survival curve [Figure 3b]. Significant
difference in survival between etiology was seen on
using MCT (P = 0.0098*), LTT (P = 0.0035*), and GBW
test (P = 0.0254).

Discussion

PH may affect normal brain development proportionate to
time and duration of this pathology. HCP results in damage
to ependymal layer, white matter ultrastructural changes,
changes in cerebral circulation and metabolic activities,
gliotic changes in the cortex, and injury to axons.['®!!!

In this study, male children were more commonly affected
when compared with females and male-to-female ratio was
1.3:1. Various studies have reported male preponderance in
cases of hydrocephalus in pediatric population.!'>!3

Most common causes of PH were postinfective (35%)
followed by neoplasm (32.5%) in our study. Worldwide,
postinfectious HCP is the most frequent etiology of
neonatal and PH.I''1 However, in developed countries,
posthemorrhagic HCP is the most frequent etiology of
neonatal HCP.I'

HCP is present in more than half of pediatric brain tumor cases
at diagnosis and as the second most common comorbidity
at presentation.'¥ We found that posterior fossa pilocytic
astrocytoma (34.2%) was the most common neoplastic
etiology causing PH followed by medulloblastoma (28.9%).
Other causes of PH are ependymomas, choroid plexus
tumors, pineal region tumors (also can cause aqueductal
compression).'®! According to some authors, ETV is the
intervention preferred for posterior fossa tumors with HCP
after tumor resection. VP shunting should be done in case

Table 4: Outcome analysis based on etiology

Outcome characteristic ~ Neoplasm (38) Aqueductal stenosis (15) Postinfectious (41) Posttraumatic (3) DWM (5) P
Shunt obstruction (12) 2 2 7 1 0 0.3055
Shunt infection (6) 1 0 5 0 0 0.3177
ETV failure (2) 0 1 1 - - 0.1546
Uneventful recovery (69) 22 13 27 2 5 0.1596
Mortality (14) 11 0 3 0 0 0.0139*
Neurological deficit (9) 7 1 1 0 0 0.1214
Cognitive deficit (13) 3 3 4 0 3 0.0151*
Seizure (13) 9 1 2 1 0 0.0679
Vision loss (17) 11 2 5 0 0 0.1930
Delayed developmental 4 8 7 1 5 <0.0001*
milestones (22)

Chronic headache (22) 11 1 8 1 1 0.4707

*Significant (P<0.05). DWM — Walker malformation; ETV — Endoscopic third ventriculostomy
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Table 5: Age distribution in relation to etiology, management, and outcome

Patients characteristics <1 year (23) 1-6 years (51) 6-12 years (43) P
Etiology
Neoplasm (38) 4 21 15 0.1353
Aqueductal stenosis (15) 6 7 2 0.0445%*
DWM (5) 4 1 0 0.0022*
Postinfectious (41) 6 15 20 0.1350
Posttraumatic (3) 0 1 2 0.4894
Germinal matrix
Hemorrhage (3) 3 0 0 0.0019*
Failed shunt (11) 0 5 4 0.3021
Spina bifida with HCP (1) 0 1 0 0.5207
Management
Conservative (3) 3 0 0 0.8149
Surgical (114)
Ventriculoperitoneal
Shunt (103) 18 45 41
Ommaya reservoir (2) 0 1
ETV (8) 2 5 1
Complications
Shunt obstruction (12) 1 6 5 0.5809
Shunt infection (6) 0 2 4 0.2304
Shunt extrusion (5) 1 3 2 0.9472
Neurological morbidity (9) 2 4 3 0.9679
ETV failure (2) 0 1 1 0.5134
Mortality
Disease specific (12) 1 4 7 0.2358
Shunt related (2) 0 1 1 0.7725
Psychosocial morbidity (34) 0 16 18 0.0015*

*Significant (P<0.05). DWM — Walker malformation; ETV — Endoscopic third ventriculostomy; HCP — Hydrocephalus

Table 6: Shunt complication analysis in relation to type
of shunt catheter used
Shunt complications  Silver impregnated Standard P

shunt (51) shunt (63)
Shunt block (12) 5 7 0.8211
Shunt infection (6) 0 6 0.0236%*
Shunt extrusion (5) 2 3 0.8275
Shunt disconnection (1) 0 1 0.3662
Shunt migration (2) 1 1 0.8800
Shunt over drainage (2) 1 1 0.8800

*Significant (P<0.05)

of ETV failure.'” However, we prefer to do VP shunting in
all posterior fossa tumors with HCP presenting in emergency
before tumor resection. We do simultaneous VP shunting in
elective surgery of posterior fossa tumor with HCP or ETV
for HCP persisting after postfossa tumor resection depending
on senior author preference.

In our study, 27.3% of patients underwent emergency
VP shunting. Most common etiology implicated in
emergency shunting was postinfective (43.75%) followed
by neoplastic (37.5%) due to features of raised Intracranial
tension (ICT). Various studies have also shown increased
rates of emergency VP shunting in postinfective and
neoplastic PH.%

Survival proportions: Age related survival in pediatric hydrocephalus

100: 3 s -=- <1year
E E - - 1-6 years
H —— 6-12 years
3
w
£ 50
@

I~
o
o
0] T T T 1
0 50 100 150 200
Days

Survival proportions: Etiology related survival in pediatric hydrocephalus

100 -=- Neoplasm

. -2~ Aqueductal stenosis

—— Postinfective

Percent survival
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2
1

T T 1
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E Days

Figure 3: Kaplan—-Meier survival curve (a) Age-related survival;
(b) Etiology-related survival

More common presentations of PH in our study
were irritability, headache, drowsiness, vomiting, and
progressive increase in head size. Clinical manifestations
depend on the status of cranial sutures and fontanels.
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Before their closure, the child mainly presents with
progressively increasing head circumference and bulging of
the fontanels. After their closure, the chief presentations are
related to raise intracranial pressure levels manifesting as
headache nausea/vomiting, bradycardia, hypertension, and
loss of vision.?!]

In our study, we managed three patients of GMH
in premature neonate conservatively which resolved
spontaneously. Intraventricular hemorrhage in premature
babies results in posthemorrhagic ventricular dilation.
Some cases may get self-resolved and may not require any
procedural intervention if resolution of IVH occurs without
any secondary changes in CSF pathways. Temporary
intraventricular reservoirs with intermittent CSF tapping
may be used in neonates with progressively increasing HCP
and IVH. Rate of conversion to VP shunting depends on the
degree of posthemorrhagic PH with about 20% of grade 3
and 40% of grade 4 hemorrhage requiring VP shunting.?*

Most common surgical intervention used in our study was
VP shunting (90.3%) followed by ETV in eight patients
and Ommaya reservoir in two patients. VP shunts are the
most common CSF diversion devices available. Although
it significantly improves the outcome of PH patients,
the complication rates with resultant increased mortality
or morbidity remain high at present.['**?! ETV is also
gaining popularity for PH. Early infancy, postinfectious
hydrocephalus, and patients with partial choroid plexus
cauterization (CPC) may show less favorable results to
endoscopic treatment.””! When compared with VP shunting,
ETV is having higher failure with relative risk being
40% higher than VP shunting at 3-month follow-up.>®
ETV with CPC has shown decreased chance of ultimate VP
shunt dependence by 26%.

In our study, post-CSF diversion procedures, majority
(60.5%) of patients showed uneventful resolution of
hydrocephalus. Etiology of the disease process guided the
ultimate outcome in these cases.

Shunt complications range from mechanical problems
(namely, shunt blockage, shunt migration, shunt extrusion,
and shunt disconnection); flow- related issues (CSF
over drainage) resulting in subdural hematoma/hygroma,
low-pressure headache, cranial deformity, slit ventricle
syndrome, and secondary craniostenosis; abdominal end
complications, namely ascites, pseudocyst, hydrocele,
and visceral perforations; to shunt infections.?3% In
our study, most common shunt complication was shunt
obstruction (11.6%), followed by shunt infection (5.8%)
and shunt extrusion (4.8%). Studies had reported that shunt
infection rates vary from 3% to 15%.2'%2 Overall shunt
failure rates at 1 month and 1 year are about 13% and
29%, respectively.

In our study, the use of silver-impregnated shunt
(BR Chhabra shunt) was having significantly less shunt
infection when compared with standard shunts. However,

there was no difference in terms of shunt block, shunt
extrusion, shunt disconnection, shunt migration, and
shunt over drainage between the two types of shunt used.
Shunt catheters may be standard, silver impregnated
or antibiotic impregnated. Evidence regarding their
comparative effectiveness is lacking®®¥! and choice of shunt
catheter depends on economic condition of the patient
and surgeons’ preferences. However, a meta-analysis
had showed results favoring less shunt infection in the
antibiotic-impregnated VP shunt group.’®¥

In our study, mortality due to primary pathology was
10.5% and mortality due to shunt complications was
1.7%. Studies have shown overall mortality in PH to be
1.22% to 14.6%,5% nonneoplastic mortality to be 8.6%
to 13.7%,573% and shunt-related mortality 0%—3.65%.13%4!
Neoplastic etiology, in our study, was significantly having
more mortality as compared to others which may correlate
with disease-specific mortality.

Congenital hydrocephalus patients showed significantly
higher psychosocial deficits, cognitive impairment, and
delayed developmental milestones. Psychosocial morbidity
was significantly more in age groups 1 to 6 years and
6-12 years in our study. School drop rates (29%) and
poor social interaction and integration (19.6%) were
significant. Delayed developmental milestones (18.8%) in
these hydrocephalus patients may be due to white matter
changes in these disorders due to raised intraventricular
pressure. School drops/difficulties may be more commonly
due to cognitive deficit and also due to repeated hospital
admissions. Ultimate outcome of PH is evident by child
psychosocial outcome and community integration to lead a
normal productive life in society.

On doing survival analysis, we could not find any
difference in survival in these patients with respect to
age groups. Patients with neoplastic etiology were having
significant poor survival when compared to benign and
congenital etiologies. This can be obviously attributed to
higher disease-specific mortality in neoplastic etiology of
PH. Life-long routine controls are required to avoid future
possible complications and enhance better rehabilitation of
the child. Optimization of neuropsychological support to
such a child is an imperative component of the management
of PH.

Conclusions

PH results in significant clinical and psychosocial
morbidity. Neoplastic etiology having highest mortality rate
in PH. Postinfective HCP is the most common cause of
PH. Pilocytic astrocytoma and medulloblastoma are most
common neoplastic etiology causing PH. Most common
shunt complications are shunt obstruction, shunt infection,
and shunt extrusion. BR shunts have significantly less shunt
infection rates as compared to their nonmedicated shunt.
Psychosocial and developmental delays are more common
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in congenital hydrocephalus group. Neoplastic etiology PH
has poor survival when compared to other etiologies.
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