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Abstract:

Aims:

Methods:

mean and standard deviations.

Results:

Conclusion:

To investigate the impact of Ventriculo-Peritoneal Shunt (VPS) on the Health-Related Quality of Life (HRQOL) of children with the infantile
hydrocephalus who underwent their first shunt insertion in the first year of life. To compare the outcome of health domains according to sex,
follow-up period, etiology and shunt valve type (fixed versus programmable pressure).

102 children <1 years old at the time of new-onset hydrocephalus and shunt insertion. Age-appropriate PedsQL 4.0 versions were completed by the
parents or caregivers with the assistance of single neurosurgery resident. Patients were divided into subgroups according to etiology; neural tube
defect associated hydrocephalus (NTD-H), intra-ventricular hemorrhage associated with infantile hydrocephalus (IVH-H) and according to the
shunt valve type; fixed versus programmable. Statistical analyses were performed using SPSS, IBM version 20. PedsQL 4.0 was presented using

A decreasing social domain score at 1-3 years follow up (n=61) compared to 1 year follow up (n=41) was observed. The two groups did not differ
significantly in sex distribution. The mean cognitive score was significantly lower in patients with IVH-H of prematurity compared to NTD-H.
Better physical and cognitive domains in programmable shunts were compared to fixed pressure type.

IVH-H associated with worse cognitive function possibly due to associated brain damage was reported. With long-term follow-up, social function
decline probably due to the patients’ awareness of their disability was observed. Programmable shunt valve is recommended over fixed type due to
the improvement in physical and cognitive functions. Sex of the patients did not affect the outcome.
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1. BACKGROUND

Hydrocephalus is the most common condition treated by
pediatric neurosurgeons [1]. Despite the advent of alternative
interventions, Ventriculo-Peritoneal Shunt (VPS) remains the
most commonly performed procedure [2]. Endoscopic Third
Ventriculostomy (ETV) and Choroid Plexus Cauterization
(CPC) showed variable success rate [3]. Shunt valve designed
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development has improved the success rate especially with
shifting from fixed pressure shunt valve system to pro-
grammable shunt valves.

Hydrocephalus is predominantly a disease of infants. In-
fantile hydrocephalus is a complex condition with both genetic
and environmental causes. Intraventricular Hemorrhage (IVH)
of prematurity is the most common acquired cause, whereas,
neural tube defect is the most prevalent congenital etiology [4].

Traditionally, due to the multiplicity of causes and the
complexity of the patient population in infantile hydrocephalus,
outcome studies of the hydrocephalic patients frequently repor-
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ted a surgical outcome, complications, morbidity and mortality.
Consequently, a limited number of studies addressed the issue
of young children cognitive, social, emotional and physical
outcome [5]. The patients' perceived quality of life and the
burden experienced by caregivers are important and should
receive more focus.

The Pediatric Quality of Life Inventory (PedsQL 4.0)
Generic Core Scales have demonstrated high reported relia-
bility and validity with formats for different pediatric age
groups [6]. Multiple language translations are available for
PedsQL 4.0 including Arabic validated version [7].

The aim of the present study was to evaluate the Health-
Related Quality of Life (HRQoL) in children who underwent
first shunt insertion at the first year of age and to address the
differences in the quality of life according to sex, follow-up
period (1 year versus 1-3 years), etiology and type of shunt
valve. The second goal was to compare HRQoL for the two
main subgroups, Neural Tube Defect and Intraventricular
Hemor-rhage associated infantile hydrocephalus (NTD-H
versus IVH-H).

2. METHODS

2.1. Patients

The study population consisted of children <1 years old at
the time of new-onset hydrocephalus and shunt insertion
between the period January 1, 2013, and January 1, 2016. The
cohorts were identified by review of the hospital registry IT
center based on diagnosis and operative databases. Patients
data were collected through a review of hospital electronic
medical charts and hospital PACS imaging records. The study
was conducted during the period between January and April
2017.

For eligible children, age-appropriate PedsQL 4.0 versions
were completed by the parents or caregivers with the assistance
of senior neurosurgery resident. For patients aged 2-4 at the
time of the study, Arabic version parent report for toddlers
(2-4years) PedsQL 4.0 was used, whereas, for patients aged 1-2
years at the time of the study, parents report for infants (age
13-24 months), PedsQL infants scale was used. Consequently,
PedsQL infants were considered early, with one year follow up
(the form used for data collection of 13-24 months) whereas,
for PedsQL toddlers, 1-3 years were considered a longer follow
up (the form used for data collection 2-4years).

Patients were included if they met the inclusion criteria:
age at the time of shunt insertion<l year. Included patients
were divided into three subgroups as described in a study (4).
Neural Tube Defect Associated Hydrocephalus (NTD-H);
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Intraventricular Hemorrhage associated infantile hydro-
cephalus (IVH-H); and the third subgroup, Prenatal-Onset
Hydrocephalus (PO-H) that was heterogeneous and contained a
high propor-tion of congenital malformations so the present
study was limited to the more homogenous NTD-H and IVH-H
sub-groups.

The following data were recorded for each patient from the
electronic medical chart: age at shunt insertion, sex, etiology of
hydrocephalus and shunt pressure type fixed versus program-
mable (patients shifted from one pressure type to another were
excluded).

The study was approved by the Ethical Review Board

2.2. Outcome Measures

The primary outcome: Pediatric Quality of Life Inventory
(PedsQL 4.0), Generic Core Scale validated Arabic appropriate
forms were obtained from eprovide. mapi-trust after permission
(https://eprovide.mapi-trust.org).

PedsQL infants scale is a Parent report for infants (age
13-24 months) composed of 45 items comprising five dimen-
sions (physical functioning, physical symptoms, emotional
functioning, social functioning, and cognitive functioning).

PedsQL 4.0 is a Parent report for toddlers (2-4years)
composed of 21 items comprising four dimensions (physical
functioning, emotional functioning, social functioning and
school functioning)

3. DATA ANALYSIS

Statistical analyses were performed using SPSS, IBM
version 20. PedsQL 4.0 was presented using mean and standard
deviations. Independent-samples t-test was used to compare the
means of PedsQL infants and PedsQL 4.0 toddlers parent
report scores. The generalized linear mixed model procedure
was used to compare the two treatment groups after adjusting
for the effects of other variables including age, sex, and
smoking. A P-value of less than 0.05 was considered statis-
tically significant.

4. RESULTS

A total of 102 patients were included in the present study
(excluded were 9 mortalities and 11 patients due to the loss of
follow up). Detailed patient characteristics are listed in Table 1.
This included a total of 41 patients who were followed-up for
one year (age at data collection 13-24 months) and 61 patients
who were followed-up for 1-3 years (age at data collection
24-48 months) after the initial shunt insertion. The two groups
did not differ significantly in sex distribution.

Table 1. Shows the relevant characteristics of patients according to period of follow up.

- Follow up
- 1 year (age 13-24 months) 1-3 years (age 24-48 months) -
SEX - - - - 0.716
Female 21 51.20% 29 47.50% -
Male 20 48.80% 32 52.50% -
Etiology - - - - 0.196
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(Table 1) contd.....

- Follow up

- 1 year (age 13-24 months) 1-3 years (age 24-48 months) -

IVH-H 9 22.00% 13 21.30% -

NTD-H 25 61.00% 25 41.00% -

Aqueduct stenosis 2 4.90% 6 9.80% -

other causes 5 12.20% 17 24.60% -

shunt type - - - - 0.328
programmable shunt 11 26.80% 22 36.10% -
fixed pressure 30 73.20% 39 63.90% -

Table 2. Shows the multivariate analysis of the differences in the quality of life according to sex, follow up period, etiology

and type of shunt.

- Physical Functioning Emotional Functioning Social Functioning Cognitive Functioning

- Mean SE Mean SE Mean SE Mean SE

Sex - - - - - - - -

Female 73.1 4.0 85.2 2.7 85.6 4.5 80.4 6.5

Male 73.5 35 78.7 2.4 80.4 3.9 78.7 6.3

Follow up (month) - - - - - - - -
13-24 74.6 42 82.2 2.8 88.5% 4.6 77.4 242
>24-48 72.0 33 81.7 22 77.6 3.6 81.5 27.7
IVH-H 69.8 5.3 80.7 3.6 76.2 5.8 68.9* 8.4
NTD-H 76.5 39 84.5 2.7 89.7 43 94.7 5.4
Others 73.6 4.8 80.6 3.2 83.2 5.3 75.1 10.0

Type of shunt - - - - - - - -
Programmable shunt 78.6* 43 84.8 29 87.2 4.8 88.7* 8.0
Fixed pressure 68.0 33 79.0 22 78.8 3.6 70.5 5.1

Statistically significant.

Table 2 shows the multivariate analysis of the differences
in the quality of life according to sex, follow-up period,
etiology and type of shunt valve. The mean score of physical
functioning was significantly higher to that of Programmable
shunt indicating better quality of life. None of the variables
was significantly associated with emotional functioning. Those
who were followed-up at 13-24 months had better social func-
tioning compared to those who were followed-up at 24-48
months.

5. DISCUSSION

Functioning of the patient in society and school, commu-
nity integration, physical and cognitive development compared
to peers is of paramount importance that is understood in the
pediatric population due to a paucity in standardized evaluation
tools and barriers to randomized trials with the small number of
patient and a variety of treatment techniques and shunts [8].

The indication for shunt insertion in NTD-H and IVH-H is
not standardized in a uniform objective criterion [9, 10]. In the
present study, the diagnosis and surgical indications were
based on clinical features, fullness of the anterior fontanel,
increasing head circumference, and increasing ventricular
width [11]. It has been shown that frequent seizures, longer
hospital stay and number of reoperations have been associated
with the worse outcome [12], although this was contradicted in
other studies [13]. Thus, the present study aimed to find out the
effect of sex, etiology, shunt pressure type and follow up
period on the quality of life outcome in infantile hydro-
cephalus.

The value of the current study is that it focuses on the
outcome from the patients’ perspective (proxy, caregiver) and
the unselected nature of patients sample due to the retros-
pective nature. This may overcome the difficulty with prospec-
tive analysis due to the multiplicity of causes and complexity
of the patient population.

6. ETIOLOGY

Intraventricular hemorrhage (IVH) occurs in approxi-
mately 25%-30% of preterm infants. 25%-28% of IVH grade
II-IV and 1-4% of grade I-II develop Post-Hemorrhagic
Hydrocephalus (PHH) with 38% of them having permanent
shunts inserted [14]. Whereas, for NTD (associated with Chiari
II type malformations and a variety of brain abnormalities),
80%-90% require shunt insertion for hydrocephalus.

The current study shows that the mean cognitive score was
significantly lower in patients with IVH of prematurity com-
pared to Chiarri II. This could be related to brain substance
damage associated with IVH. Overall, cognitive score tends to
be lower than the mean physical score or social-emotional
score in both etiology. This is in agreement with previous
studies [15, 16] that showed learning disabilities, difficulties
with narration, oral and reading comprehension in patients with
hydrocephalus. The cognitive impairment was shown to in-
crease with the increasing grade of IVH [17].

Moreover, longer-term follow-up showed a lower quality
of life in IVH-H compared to congenital types [18]. The
cognitive functions of the patients are most important for the
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caregiver burden in older people [19] which may not be the
case in younger children.

7. SHUNT PRESSURE TYPE

Our study reported better quality of life in programmable
shunts compared to fixed pressure type, most significantly in
physical and cognitive domains. This could be attributed to the
accessibility of shunt pressure adjustment according to
patients’ changing developmental and clinical progression.
Moreover, the non-invasive external pressure adjustment in
programmable shunt can encourage physicians to intervene in
contrary to surgical intervention needed in the fixed type where
neurosurgeons may be hesitant to operate.

8. LENGTH FOLLOW UP

The present study represents a short-term follow-up group
(1 year) and intermediate follow-up group (1-3 years). There
was no difference in the quality of life scores between the two
follow-up periods except for lower social domain score with
intermediate follow up. This is probably related to the fact that
with the increasing age, children become more aware of their
problem and the limitations in daily activity compared to their
peers. Furthermore, delayed milestones may negatively affect
this outcome [13]. This emphasizes the need for support but
not overprotection by the caregiver. Long-term follow-up (35
years) has shown similar social function in patients with
infantile hydrocephalus compared to a population which might
indicate coping with the hydrocephalus over time [19].

CONCLUSION

Evaluating infantile hydrocephalus with VPS insertion in
the first year of life showed that IVH-H associated with the
worse functional outcome is possibly due to associated brain
damage. Programmable shunt valve is recommended over fixed
type due to the improvement in physical and cognitive
functions.

LIST OF ABBREVIATIONS
VPS = Ventriculo-Peritoneal Shunt
NTD-H = Neural Tube Defect Associated Hydrocephalus
IVH-H = Intra-Ventricular Hemorrhage Associated Hydro-
cephalus
PedsQL 4.0 = Pediatric Quality of Life Inventory 4.0
HRQoL = Health-Related Quality of Life
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