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Background Ventriculoperitoneal shunt (VPS) is a common technique employed
to treat the second most common congenital brain malformation, “hydrocephalus.”
Postshunt insertion, the consequent complications and factors contributing to shunt
malfunction are much fought occurrences. The current study was planned to assess
the effectiveness of the procedure, analyze the complications of VP shunt, and recog-
nize the factors influencing shunt malfunction.

Materials and Methods The present study was a retrospective observational study,
which was conducted at the Department of Neurosurgery, PGIMER RML Hospital,
New Delhi, from August 2016 to July 2018. Patients with hydrocephalus requiring
shunt intervention were included in the study. A Chhabra “slit n spring” hydrocephalus
shunt system was inserted in all patients. All patients with VP shunts were followed to
assess for any postshunt complications.

Results Out of 541 patients for whom VP shunt was inserted over a period of 2 years,
126 (23.3%) patients developed complications. The most common cause of hydroceph-
alus for which VP shunt was done was tubercular meningitis (39.3%, n = 63), followed by
ventriculitis (12.38%, n = 20), congenital hydrocephalus (8.87%, n = 14) and aqueductal
stenosis (5.54%, n = 03). The most common complication in our study was obstruction of
proximal end of the catheter by debris, which was noted in 50 patients (39.68%). The sec-
ond most common complication was poor peritoneal absorption or obstruction of lower
end (21.43%, n = 27 cases). Abscess along the shunt was seen in 21 patients (16.67%).
Complications were mostly documented in cases with hydrocephalus due to tubercular
meningitis (TBM) (39.3%, 63 patients) and ventriculitis (12.38%, 20 patients). Other com-
plications were hyperemia with superficial ulceration or complete exposure of skin over-
lying the tube (11.9%, n = 15), overdrainage of the ventricles leading to chronic subdural
hematoma (n = 14, 11.11%), and infection around the distal catheter (4.76%, n = 6).
Conclusion VPS procedure led to a complication in several patients, with the most
common being obstruction of proximal catheter and poor peritoneal absorption or
obstruction of lower end followed by abscess and infection.

*Previously with Department of Neuro Surgery, Sir Sunder Lal
Hospital, IMS, BHU, Varanasi, Uttar Pradesh 221005, India.
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Introduction

Hydrocephalus is an excess of cerebrospinal fluid (CSF) in
the ventricular system due to the imbalance between forma-
tion and absorption of CSF, which is referred to (1) obstruc-
tion of the CSF pathways, (2) overproduction of CSF, and
(3) impaired venous drainage.! Also, hydrocephalus is the
second most common congenital brain malformation.? To
date, the standard treatment of hydrocephalus is ventricu-
loperitoneal shunt (VPS). The technique of using the peri-
toneal cavity for CSF absorption in VPS was developed by
Kausch in 1908.3 Although VPS insertion is a common neu-
rosurgical procedure, complication rates in adults are poorly
established, with studies reporting from 17 to 33%.24'° In a
study by Yvonne et al, children demonstrated a higher rate
of shunt complications than adults at 5 years (48 vs. 27%,
p <0.0001)." The advent of endoscopic third ventriculos-
tomy has gained popularity due to the high-complication
and failure rates of VPS.'? The major disadvantage of VPS
is the fact that it constitutes a foreign body and is prone to
complications like mechanical blockage, shunt infection,
shunt migration and, rarely, shunt protrusion.’* If a shunt
system fails to be operated correctly, the patient’s life and
cognitive functions are at risk; thus, necessitating the need
for an urgent revision.' A lot of research is ongoing on shunt
complications which still remains a common problem.'® The
aim of this study was to assess the effectiveness of VP shunt
insertion procedure against proven standards of care, in
order to study complications of VP shunt and study factors
influencing shunt malfunction.

Materials and Methods

The present study was a retrospective observational study
conducted in the Department of Neurosurgery, PGIMER
RML Hospital, New Delhi, for a period of 2 years from August
2016 to July 2018. A complete clinical assessment including a
detailed history and examination with a particular emphasis
on neurological examination was done for all patients after
admission. A Chhabra “slit n spring” hydrocephalus shunt
system was used for all patients. Patients with VP shunt com-
plications operated at RML Hospital during the study period
were included in the study. The investigations performed for
all patients were complete blood count (CBC), erythrocyte
sedimentation rate (ESR), complete urine analysis, X-ray
chest, and head NCCT scan or MRI scan. Specific investiga-
tions such as CSF analysis, CSF culture and sensitivity, blood
culture and sensitivity, urine culture and sensitivity, pus
culture and sensitivity, ultrasound of abdomen, shunt series
X-rays, and MRI of the brain were also performed when
indicated. A final diagnosis was made on the basis of clini-
cal findings, and investigations and treatment of individual
patients were planned accordingly.

Statistical analysis was done using SPSS 20. Demographic
characteristics and clinical feature of the patients were
examined according to mean # standard deviation (SD) and
range in case of continuous variable, whereas frequency and
percentage were provided in case of a qualitative variable.
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A bar diagram was used to show the frequency of various
shunt complications. The normality of the variable was
tested by applying the one sample Kolmogorov-Smirnov test.
Chi-square test was applied to check the association between
the variables. Further, the Kruskal-Wallis test was employed
to see whether there were any differences in the distribu-
tion of age among the categories of shunt complication.
A p value less than 0.05 was considered as statistically
significant.

Results

This study included 541 cases over a period of 2 years, out of
which 126 (23.3%) cases developed complications. A consid-
erable percentage (59.9%) of the cases were males (n = 324)
and 40.1% of the cases (n = 217) were females (=Table 1).
This study included cases from all the age groups. The mean
age in this study was 15.08 years (minimum age was 15 days
and maximum age was 66 years). The most common cause of
hydrocephalus for which VP shunt was done was tubercular
meningitis (TBM) (39.3%), followed by ventriculitis (12.38%),
congenital hydrocephalus (8.87%) and aqueductal stenosis
(5.54%). Other causes were intracranial mass lesions like
posterior fossa mass lesions (9.42%), cerebellopontine angle
(CPA) mass (3.88%), suprasellar mass (3.88%), ventricular
mass (1.66%), supratentorial mass (1.66%), Dandy-Walker
malformation (0.55%), myelomeningocele (MMC) (1.66%),
normal pressure hydrocephalus (NPH) (2.21%), postcraniot-
omy (2.21%), post intraventricular hemorrhage (IVH) (1.66%),
and subarachnoid hemorrhage (SAH) (2.77%) (=~ Table 2).

The documented complications were classified according
to site into two categories: (i) complications related to prox-
imal catheter and reservoir and (ii) complications related to
distal catheter.

The most common complication in our study was obstruc-
tion of proximal end of the catheter by debris, which was
noted in 50 patients, out of which CSF leak causing collection
around the reservoir was documented in 10 cases. As many
as 27 patients showed poor peritoneal absorption or obstruc-
tion of lower end, leading to distal failure and CSF collection
under the skin surrounding the distal catheter. This was the
second most common complication in this study.

Table 1 Distribution of various age group in patients of
hydrocephalus with complications

Age group Males Females
0-3 mo 37 29

4-6 mo 25 5
7-12mo 42 26
1-10y 89 54
11-20y 42 44
21-40y 41 27
41-60y 45 32
>60y 3 0

Total 324 217
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Abscess along the shunt was seen in 21 patients and
mostly at the upper end. Infection around the distal cath-
eter was reported in 06 patients. As many as 14 patients
developed over drainage of the ventricles, leading to chronic
subdural hematoma (~Fig. 1).

Table 2 Distribution of complications in patients of
hydrocephalus with various etiology
Causes No. of % of Complications
cases cases in cases (no.)
Aqueductal stenosis | 30 5.54 3
Congenital 48 8.87 14
CPA mass 21 3.88 4
Dandy-Walker 3 0.55 0
MMC 9 1.66 0
NPH 12 2.21 1
Pineal tumor 12 2.21 1
Postcraniectomy 12 2.21 1
Post IVH 9 1.66 0
Posterior fossa mass | 51 9.42 10
SAH 15 2.77 1
Suprasellar mass 21 3.88 8
Supratentorial mass | 9 1.66 0
TBM 213 39.3 63
Ventricular mass 9 1.66 0
Ventriculitis 67 12.38 20
Total 541 100 126 (23.29%)

Abbreviations: IVH, intraventricular hemorrhage; MMC, myelomeningo-
cele; NPH, normal pressure hydrocephalus; SAH, subarachnoid hemor-
rhage; TBM, tubercular meningitis.
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Fig. 1 Bar diagram showing the various types of complications
in VP shunt treated patients of hydrocephalus. Abbreviation: VP,
ventriculoperitoneal.
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Fracture can also occur at any site along the course of the
distal tube, especially near bony prominences. In our study,
three patients developed fracture with distal tube migration.
Extrusion of the distal end of distal catheter through anus
was also reported in three patients. Two patients had distal
failure due to obstruction of the distal end of the catheter
and pseudocyst formation, causing closed narrow space for
CSF drainage and VP shunt malfunctioning (=~Table 3). Other
complication was of malpositioning due to ventricular end
getting positioned into occipital horn or brain parenchyma,
as reported. The distribution of age is same across various
categories of shunt complications. Independent samples
Kruskal-Wallis test was applied. The p value was 0.569
(statistically insignificant), which means we have to retain
the null hypothesis, that is, the distribution of age is identical
across various categories of shunt complication (=Fig. 2).

These complications were managed surgically. Various
surgeries performed included proximal revision, distal
revision, debridement, redirection of misdirected catheter,
repositioning of the distal catheter, new VP shunt on the
other side, changing the shunt pressure to higher one in
case of chronic subdural hematoma, or closure of hernia sac.
Most of the complications were documented in cases with
hydrocephalus due to TBM (63 cases) and ventriculitis
(20 cases).

Discussion

Although VP shunt is an effective surgical treatment
modality for hydrocephalus, it is disadvantaged due to
shunt-related complications.'® As maintaining normal CSF
flow dynamics is a lifelong requirement, multiple surgical
procedures may be required lifelong.!” In neonates, scalp
necrosisisacommon complicationassociated withrepeated
VP shunts due to the inherent skin fragility and the super-
ficial nature of the shunt.’®!® Peacock and Currer found
shunt blockage in 20% of their patients.?® Mwan’'gombe
and Omulo reported an infection rate of 24.6% among chil-
dren operated for nontumor hydrocephalus in Nairobi.?!
In the current study, shunt obstruction was reported in
approximately 14.2% of patients (9.2% proximal obstruc-
tion by debris and 5% distal obstruction). Infection was
also reported in 3.9% of patients. Hamada and Abou Zeid
reported misdirection of proximal catheter in 7.1% patients

Table 3 Types of complications in patients treated with VP
shunt for hydrocephalus

Type of complications No. of cases
Upper end blockage 50

Lower end malfunction 27

Abscess 21
Overdrainage 14
Malposition 6

Distal tube migration 3

Fracture 3

Abdominal pseudocyst 2
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Hypothesis Test Summary
Hull Hypothesi=s Test Sig. Decision
The distribution of age isthe sam n:;pf:sdent- Retain the
1 across categories of KruskF.'aI- S69 null
Shunt_Complication. wallis Test hypothesis.

Asymptotic significances are displayed. The significance level is .05,
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Independent-Samples Kruskal-Wallis Test
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Fig. 2 Box plot showing comparison of various shunt complications with age in patients of hydrocephalus (p = 0.569).

of their shunt malfunction series. Aldrich and Harmann
found that shunt disconnection and fracture accounted for
15% of their shunt malfunctions and that occipitally placed
shunts had a higher tendency to dislocate than frontally
placed shunts.?? We found comparatively lesser cases of
shunt fracture, which may be due to different entry points
employed for catheter placement. Abdominal complica-
tions of VP shunt are not rare and the main causes of distal
catheter failure are attributed to extraperitoneal retraction
of the catheter and subcutaneous or intra-abdominal CSF
collections.?® In the current study, intra-abdominal
pseudocyst was reported in only two cases. In the cur-
rent study, three patients reported with a VP shunt dis-
tal catheter per rectum without any complications in the
form of obstruction or peritonitis. Similarly, in a study by
Sathyanarayana et al, protrusion of distal catheter per anus

without any complications such as obstruction or peritoni-
tis was documented.?*

Various previous studies have reported that age and prin-
cipal diagnosis (etiology) to be independent contributors to
the risk of initial shunt failure.>?” In agreement with these
studies, the current study demonstrated that age and eti-
ology were significantly associated with shunt revision,
where 85 (66.66%) patients with VP shunt complications
were below 10 years of age. Accordingly, there was a higher
rate of complications seen in cases with TBM (50%) and
ventriculitis (15.8%).

Out of 213 diagnosed cases of TBM who were underwent
VP shunt insertion, 63 patients developed complication,
which was 50 % of all complications in this study. Of all the
cases included in this study, 67 cases were diagnosed with
ventriculitis, out of which 20 had shunt complication.
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Conclusion

Despite complications, the VP shunt remains the main surgi-
cal procedure used for hydrocephalus management. Although
VP shunt insertion is a common neurosurgical procedure, it
demands expertise, great care and aseptic precautions to
avoid or limit complications to the minimum.
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