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Abstract

Introduction: There are frequent complications after paediatric ventriculoperitoneal shunt surgery for management
of hydrocephalus.

Materials and methods: An Observational Cohort Study was conducted from 19" March, 2020 to 18" September,
2021 at Pakistan Institute of Medical Sciences, Islamabad, Pakistan. Total 150 patients of both genders, aged between
1-18 years diagnosed with hydrocephalus were selected. Shunted patients operated for other pathologies of brain and
spine and those with more than 3 shunt revisions were excluded. Based on the clinical findings and investigations,
a final diagnosis was made and the treatment in individual cases was planned accordingly. Post-operatively all the
patients were followed up till 6 months and any complication which occurred was documented.

Results: Age range in this study was from 1 to 18 years with mean age of 7.50 + 4.22 years. Majority of the patients
74.0% were between 1 to 10 years of age. Out of these 150 patients, 85 (56.67%) were males and 65 (43.33%) were
females with male to female ratio of 1.3:1. Shunt blockade was seen in 36 (24.0%), Shunt malfunction in 21 (14.0%),
Shunt infection in 48 (32.0%) and Shunt migration in 23 (15.33%) patients.

Conclusion: This study concluded that ventriculoperitoneal shunt in children with hydrocephalus is not free of
complications and should be monitored and managed properly to reduce the complications.
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Introduction the treatments for it. Hydrocephalus is an excessive

accumulation of cerebrospinal fluid (CSF) within the brain,

ydrocephalus is a common paediatric brain disorder caused by an imbalance between the CSF production, flow
and ventriculoperitoneal (VP) shunts are one of or absorption. Increase in CSF volume causes enlargement
of ventricles, thinning of cortical mantle and elevation of
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CSF shunt systems increase life expectancy in
paediatric patients with hydrocephalus. Consequently,
children with shunts require lifelong follow-up, especially
in the light of incidence of failure over the period of
time. The probability of the occurrence of shunt failure
is 70% at 10 years after the initial shunt insertion. 30%
risk of failure during 1st year and 2% to 5% risk per year
thereafter.®®

Shunt system malfunction is due to three main
factors; 1) Mechanical failure, 2) Infection and 3) Over
drainage or under drainage i.e, function failure. Proximal
obstruction is the most frequent cause of mechanical shunt
failure. Other causes include; obstruction of the distal
catheter, formation of peritoneal pseudocyst,>!? fracture of
shunt,* disconnection of shunt, migration of shunt,*!° skin
necrosis overlying the shunt.!

Munam et al. (2014) conducted a study on pattern
of complications and ventriculoperitoneal shunt due to
hydrocephalus and reported the complications which
were obstruction of shunt (52.5%), infection (25%), and
exposure of shunt (10%)."* Khan et al. (2015) reported that
complication of shunt revision was 14.1%, shunt blockade
11.0%, shunt infection 3.5%, shunt migration 0.9%,
and CSF ascites 0.9%.'* Pan et al. (2018) reported the
complications of shunt revision as 27%, shunt blockade
45.94%, shunt infection 16.21%, shunt migration 10.81%,
and shunt malfunction due to abdominal pseudocyst
10.81%."5 Pal et al. (2017) observed that complication
of shunt revision was 21.2%, shunt blockade 7.6%,
shunt migration 5.05%, shunt infection 4.5%, and shunt
malfunction due to other causes 8.6%.'

This study is important in the aspect that it will create
a base for future research. By comparing the results of
our study with both local and international studies it will
show any drawback in our set up in terms of sterilisation
and technique of insertion. This will be a step towards
better care for patients. As we lack facilities so the burden
of disease may be more in Pakistan hence, the study is
designed to determine complications after paediatric
ventriculoperitoneal shunt surgery so that facilities for
early detection and management may be introduced. This
will help in reducing the burden of mortality and morbidity
associated with complications of ventriculoperitoneal
shunt surgery. Knowledge of the magnitude of this
problem will enable the doctors to anticipate with patients
to identify and treat these complications which have
serious social impact on a patient’s quality of life.

Materials and Methods:

An Observational Cohort Study was conducted from
19" March, 2020 to 18% September, 2021 at Pakistan
Institute of Medical Sciences, Islamabad, Pakistan.
Sample size of 150 cases was calculated by WHO

Sample Size Calculator with 95% Confidence level and
5% Margin of error while taking expected frequency of
complication of shunt blockade to be 10.8% (least among
all complications) in patients with ventriculoperitoneal
shunt surgery. Sampling technique used was non-
probability consecutive sampling.

Inclusion Criteria:

» Patients of both genders aged between 1-18 years
diagnosed with hydrocephalus.

» Patients diagnosed in the last 6 months period were
included.

» Patients whose parents signed written informed
consent to participate in the study.

Exclusion Criteria:

» Patients having age above 18 years, no final diagnosis
of shunt complication and incomplete patient records.

»  Shunted patients operated for other pathologies of the
brain and spine without shunt related problems were
excluded from the study.

» Those patients with more than 3 shunt revisions.

Data Collection Procedure: After approval from the
ethical review committee of the hospital, 150 patients who
presented from the outpatient and through emergency in
the department of Neurosurgery at Pakistan Institute of
Medical Sciences, Islamabad, Pakistan and who fulfilled
the above criteria were counselled and explained the
details of the study. Written informed consent and
detailed history was taken from each patient’s parents. All
patients after the admission underwent a complete clinical
assessment including a detailed history and examination
with particular emphasis on the neurological examination.
The investigations performed in all the patients were
complete blood count (CBC), urine detail report,
erythrocyte sedimentation rate (ESR), CSF analysis, X-ray
chest, serum electrolytes, and brain computed tomography
(CT) scan. Specific investigations such as CSF culture
& sensitivity, blood culture, urine culture & sensitivity,
pus culture & sensitivity, ultrasound of abdomen, X-ray
shunt series, and magnetic resonance imaging (MRI)
of the brain were also performed where needed. On the
basis of the clinical findings and investigations a final
diagnosis was made and treatment in individual cases
was planned accordingly. In case of infection, shunt
was removed and external ventriculostomy done plus
proceeded with appropriate antibiotic administration. New
shunt was inserted after CSF became sterile. In case of
malfunctioning shunt, shunt was explored and revision of
the affected component done. In case of peritonitis shunt
was exteriorized and appropriate antibiotics were started.
Either shunt converted into ventriculoatrial shunt or re-
implantation of new shunt done on clearance of CSF. Post-
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operatively all the patients were followed up till 6 months
and any complication which occurred was documented.
Patients’ demographic details like age, gender and type of
complication were recorded into the attached proforma.
All the lab investigations were acquired from within the
hospital to minimize bias. Confounding variables had
been controlled by exclusion.

Data Analysis Procedure: All the collected data
was entered and analysed through SPSS version 28.
Numerical variables; age and duration of complications
were presented by mean +SD. Categorical variables i.e,
gender and type of complication (shunt infection, shunt
malfunction, shunt blockade and shunt migration) were
presented by frequency and percentage. Data was stratified
for age, gender and type of complications to address effect
modifiers. Post-stratification chi-square test was applied
taking P<0.05 as significant.

Table I: Distribution of patients according to Age (n=150).

Results

Age range in this study was from 1 to 18 years with
mean age of 7.50 £ 4.22 years. Majority of the patients
74.0% were between 1 to 10 years of age as shown in
Table-I. Out of these 150 patients, 85 (56.67%) were males
and 65 (43.33%) were females with male to female ratio
of 1.31:1 as shown in Figure-I. Mean duration of disease
in our study was 3.87 + 2.37 months as shown in Table-II.
The ventriculoperitoneal shunt complications are shown
in Table-II1. Shunt blockade was seen in 36 (24.0%), shunt
malfunction in 21 (14.0%), shunt infection in 48 (32.0%)
and shunt migration in 23 (15.33%) patients. Stratification
of complications with respect to age and gender is shown
in Table-IV & V respectively. Table-VI has shown the
stratification of complications with respect to duration of
disease.

Age (years) No. of patients Percentage (%)
1-10 111 74.0
11-18 39 26.0
Total 150 100

Mean = SD = 7.50 £ 4.22 years

Table II: Distribution of patients according to duration of disease (n=150).

Duration Frequency
<3 months 86
>4-6 months 64

Percentage (%)
51.33
42-67

Mean + SD = 3.87 + 2.37 years

Table I11: Frequency of complications after paediatric ventriculoperitoneal shunt surgery for management of hydrocephalus.

Compliatons e e
Shunt Infection 36 (24.0%) 114 (76%)

Shunt Malfunction 21 (14.0%) 129 (86%)

Shunt Blockade 48 (32.0%) 102 (68%)

Shunt Migration 23 (15.33%) 122 (84.67%)

Table 1V: Stratification of complications with respect to age.

) 1-10 years
Complications (n=111)

Y. 30
Shunt Infection °

NO 8 1

Y. 18
Shunt Malfunction e

NO 95

Y. 37
Shunt Blockade «

NO 74

Y 11
Shunt Migration =

NO an

11-18 years
(n=39) P-value

06 0.143
33 ’
05 0.805
34 i
11

0.555
28
00 0.992
33
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Table V: Stratification of complications with respect to gender.

Male

Female

Complications (n=85) ) VG
Shunt Infection ;eos éz 411; 0.589
Shunt Malfunction ;eos (7)2 ;; 0.168
Shunt Blockade Eeos g(S) 41;3 0.323
Shunt Migration ;\(Ieos ;41‘ 22 0.658

Table VI: Stratification of complications with respect to duration of disease.

Complications 53(::;:)115 4-?11“:122;115 Fvalue
Shunt Infection ;es ég 41;; 0.526
Shunt Malfunction ;{Ie; 23 ; 0.148
Shunt Blockade Eeos 2(6) 41;2 0.380
Shunt Migration ﬁeos ;3 22 0.709

= Male

® Female

Figure I: Distribution of patients according to gender
(n=150).

Discussion

Cerebral shunts are primarily used to manage
hydrocephalus, a condition in which a buildup of excess
CSF accumulates in the ventricles of the brain. The use
of cerebral shunts to manage hydrocephalus dates back to
the mid-20" century.!” Left untreated, hydrocephalus can
lead to increases in intracranial pressure, cerebral edema,
and ultimately herniation of brain tissue. Various types of
cerebral shunts are available, and they are classified by
name, according to where the distal end of the shunt catheter

routes CSF, or by valve type.'® Examples of different types
of shunts include; ventriculoatrial, ventriculopleural, and
ventriculoperitoneal. Ventriculoperitoneal shunts route
excess CSF from the ventricles into the peritoneal space."
Complications resulting from the VP shunt placement are
common, particularly early after placement. Following
VP shunt placement, the 1-year shunt failure rate is
approximately 40%, and the 2-year shunt failure rate
has been reported to be as high as 50%.'® Complications
include; intraventricular haemorrhage, obstruction,
overdrainage of CSF, and infection. Among these
complications, infection is one of the most serious, often
requiring prompt management. The incidence of VP shunt
infections in adults is between 1.6% and 16.7%.!2* Such
a wide range of infection rates are due in part to varying
definitions of shunt infections and patient demographics
reported throughout the literature. Presently, no guideline
recommendations are available for the diagnosis of a
CSF shunt infection; however, standardized approaches
have recently been proposed.’ The highest rate of shunt
infection occurs early after shunt placement or revision
(e.g. within 1 month); therefore, mostly contamination with
microorganisms is thought to occur intraoperatively.?*
The infection rate increases with the number of surgical
revisions."

In our study, shunt blockade was seen in 36 (24.0%),
shunt malfunction in 21 (14.0%), shunt infection in 48
(32.0%) and shunt migration in 23 (15.33%) patients.
Munam et al. (2014) conducted a study on pattern of
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complications and ventriculoperitoneal shunt due to
hydrocephalus and reported the complications which
were obstruction of shunt (52.5%), Infection (25%), and
exposure of shunt (10%).!> Khan et al. (2015) reported
that complication of shunt revision was 14.1%, shunt
blockade 11.0%, shunt infection 3.5%, shunt migration
0.9%, and CSF ascites 0.9%.'® A prospective study
included 40 (28 boys and 12 girls) children and required
48 shunt revisions. Complications following VP shunts
that required shunt revisions were peritoneal catheter/
peritoneal end malfunction (18), shunt/shunt tract
infections (7), extrusion of peritoneal catheter through
anus (5), ventricular catheter malfunction (4), CSF leak
from abdominal wound (4), shunt system failure (2),
ventricular end/shunt displacement (2), CSF pseudocysts
in peritoneal cavity (2), extrusion of peritoneal catheter
from neck, chest, abdominal scar and through umbilicus,
one each. Four-fifth of these shunt complications
occurred within 6 months of previous surgery.? The main
complications observed by Kinasha ADA et al.* were
shunt blockage in 32.0%, shunt disconnection in 10.7%,
shunt infection in 24.6% and shunt extrusion in 12.3%
patients. In another study,'® the most common complication
was obstruction of shunt (52.5%), Infection (25%), and
exposure of shunt (10%). Panda SS et al.?” has shown in
his study that malfunctioning and shunt obstruction were
the most common problems faced by a neurosurgeon after
VP shunt. Lee et al.?® found shunt blockage in 12.2% of
their series of 246 shunt procedures in Seoul, Korea. Their
infection rate was 4.1%. Vanaclocha et al.”* have observed
shunt malfunction in infected shunts and some of which
were clinically undetectable. They argue that the incidence
of shunt infection might be higher than generally reported
and that negative cultures of CSF taps do not exclude shunt
infection in malfunctioning shunts. Peacock et al.** found
shunt blockage to be 20% in their series of 440 children.
Aldrich et al.*' found that disconnection accounted for
15% of their shunt malfunctions and that occipitally placed
shunts had a higher tendency to dislocate than frontally
placed shunts. However, in a report of a prospective
randomized study Bierbauer et al.*? found no advantage
of anteriorly placed shunts over posteriorly placed shunts
in terms of shunt malfunction or infection. Lazareff et
al.*® reported a 44% prevalence of shunt blockage in 244
children followed up over a period of up to 6 years post
initial insertion. The peak danger period for blockage is
in the first year after insertion, with rates as high as 20%
recorded in some series.** Annual rates of shunt blockage
have been estimated by Rekate to be approximately 5%.3
The overall prevalence of distal catheter blockage due to
pseudocyst formation is varied from less than 1-4.5%.36-38

Pan et al. (2018) reported the complications of shunt
revision 27%, shunt blockade 45.94%, shunt infection

16.21%, shunt migration 10.81%, and shunt malfunction
due to abdominal pseudocyst 10.81%." Pal et al. (2017)
observed that complication of shunt revision was 21.2%,
shunt blockade 7.6%, shunt migration 5.05%, shunt
infection 4.5%, and shunt malfunction due to other
causes 8.6%.' In a study on 60 patients undergoing VP
shunt procedure, fourteen patients (23.3%) developed
complications during the follow up period of two months.
Five patients (8.3%) had shunt block, ventricular end in
three patients and peritoneal end in two. Two patients
(3.3%) had overdrainage with symptomatic subdural
hematoma needing evacuation and temporary occlusion
of the shunt tube. Five patients (8.3%) developed clinical
shunt infection.* In a descriptive study conducted at Lady
Reading hospital, Peshawar, shunt obstruction was found
in 9.3% patients, shunt infection in 8.1% cases and shunt
extrusion in 2.3% patients.*’ In a study,* a total of 278
shunt revisions occurred in 87 patients because of various
causes such as obstruction, infection, overdrainage,
mechanical, and other shunt complications. Obstruction
caused a total of 141 shunt revisions in 68 patients
(64.8%). Infection caused a total of 33 revisions in 22
patients (21%). Proximal shunt complications caused a
total of 87 shunt revisions in 54 patients (51.4%). Shunt
system replacement resulted in 73 total shunt revisions in
49 patients (46.7%). Other shunt complications resulted in
a total of 73 shunt revisions in 48 patients (45.7%). Other
complications of the shunt include shunt disconnection,
shunt catheter leakage/breakage, shunt extrusion, shunt
catheter migration, and shunt catheter protrusion.

Conclusion

This study concluded that ventriculoperitoneal shunt
in children with hydrocephalus is not free of complications
and should be monitored and managed properly to reduce
the complications. We recommend that close follow
up of shunted patients is essential for early detection
of complications and a lot of stress should be paid on
the counselling of the patient’s guardians regarding
ventriculoperitoneal shunt complications and their timely
revision.

List of Abbreviations: CSF: Cerebrospinal fluid,
VP: Ventriculoperitoneal, ICP: Intracranial pressure,
CT: Computed Tomography, MRI: Magnetic Resonance
Imaging.
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