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Abstract

Aim: To study the usefulness of clinical symptoms and signs in predicting ventriculoperitoneal shunt malfunction in children.
Materials and Methods: The study was a cross sectional study of all patients with suspected ventriculoperitoneal shunt dysfunction
who presented to the ER. The study was done in a single centre metropolitan tertiary care paediatric hospital over a period of one
year. Data from 38 patients were obtained and was analysed using SPSS 14 and Microsoft Excel software.

Results: VP shunt block occur more commonly in males and more frequently between the ages of 1-5years. Congenital aqueduc-
tal stenosis was the most common aetiology amongst those undergoing shunt revision. Most shunt revisions occurred within
3-12months of the previous shunt surgery. Vomiting, altered sensorium and seizures were the most common presenting symptoms.
Bulging AF, CSF leak from operated site and the sunset sign were definitive signs of shunt dysfunction. 74% of cases had an identifi-
able ventricular catheter displacement on CT scan. The most common cause was tube block by ependyma and infection as a cause
for block was rare.

Conclusion: No single clinical sign was shown to be statistically significant in differentiating children who needed a shunt revision
from others with similar symptoms. Neuroimaging was most useful to confirm the suspicion of a shunt dysfunction.

Keywords: Ventriculoperitoneal (VP) Shunt; Shunt Dysfunction/Malfunction; Paediatric Hydrocephalus; Shunt Revision; Vomiting;

Sunset Sign; Neuroimaging

Introduction a VP shunt surgery is shunt block which presents to the ER and

Hydrocephalus and shunt dysfunction in paediatrics are very necessitates in most cases a VP shunt revision. The symptoms of

common problems. The biggest complication and challenge after shunt dysfunction namely headache, vomiting, drowsiness and oc-
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ulomotor palsies are unfortunately not seen or are often recognised
late in many children especially the younger ones. It was therefore
thought worthwhile to study the clinical profile of patients under-
going VP shunt surgeries over a year and see if any relevant clinical

sign/marker could be found.
Aim

To study the usefulness of clinical symptoms and signs in pre-
dicting ventriculoperitonal shunt dysfunction in children. The
study was not intended to comment on the managment of hydro-
cephalus and the use of alternative methods of CSF diversion like

endoscopic third ventriculostomy (ETV) etc.
Materials and Methods

This was a cross sectional study and was carried out in a single
centre metropolitan tertiary care paediatric hospital over a period
of one year. The paediatric hospital is a full-fledged tertiary care
paediatric centre with a PICU, NICU, and has training programmes
in all subspecialities of paediatrics including paediatric neurosur-
gery. VP shunt is a regularly performed surgical procedure in the
paediatric neurosurgical department. The study was performed
jointly by the paediatric and neurosurgical departments. The study
was for a period of 12 months. The study was approved by the
hospital ethics committee. Informed consent was obtained for all
patients prior to including them in the study. It was a clinical aca-
demic study and no funding was obtained and thus there are no

financial disclosures to be made.

e Inclusion Criteria: All patients between 0 to 17 years who
presented with symptoms of suspected shunt dysfunction
to the ER.

e  Exclusion Criteria: Shunts other than VP shunts like VA
shunt and also those who had undergone ETV were exclud-

ed from the study.

e  Study Design: This a cross sectional study to assess the use-
fulness of clinical symptoms and signs that predict ventricu-

loperitoneal shunt malfunction.
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e Data collection technique and tools: Data collection in-
cluded demographic details and other parameters such as
indication for ventriculoperitoneal shunt, number of prior
shunt revisions as well as the time interval between the
shunt procedure and development of current symptoms.
Clinical features associated with shunt malfunction such
as headache, vomiting, seizures, abdominal pain, bulging
anterior fontanelle, sunset sign, sensorium of the patient
were also recorded. Evidence of shunt leakage, inflamma-
tion or shunt exposure along the extracranial part of the
shunt were noted. Loose stools was included as it served to
differentiate those with shunt dysfunction and others who
presented with vomiting. Radiographical findings of CT,
MRI brain scans and shunt series Xrays were reviewed and
documented. Patients were followed up till they were dis-

charged from the hospital.
Data analysis

The data was analysed using SPSS 14 and Microsoft Excel soft-
ware. Odds ratio for the symptoms and clinical features leading to

shunt revision was calculated using SPSS 14 software.
Results

A total of 38 patients were in the study with suspected shunt

dysfunction. Data analyses is given below.

Figure 1: Age Distribution.
16 (42%) were between the age of 1 to 5 years, 11 (28%) patients

were less than one year, and 11 (28%) patients were above 5 years.
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Figure 2: Gender Distribution.
Majority of our study population were boys.
76% boys (n = 29) and 24% girls (n = 9).

Figure 3: Gender Distribution According to Age.

There is a male preponderance in each age group.

Figure 4: Indication for Ventriculoperitoneal Shunt

in the study population.

(IVH - Intraventricular Haemorrhage, INF - infection).
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The most common indication for VP shunt was congenital ce-
rebral aqueductal stenosis which was seen in 12 (31%), followed
by intraventricular haemorrhage in 8 (21%). Arnold Chiari malfor-
mation with hydrocephalus was seen in 8 (21%), CNS infection in
5 (13%), Tumours in 3 (7.8%) and porencephalic cyst and Dandy

Walker malformation was seen in one each (2.6%).

Figure 5: Number of Shunt Revisions prior to our study.
45% (n = 17) of study population had no VP shunt revision prior
to our study, 13 patients (34%) underwent one shunt revision and

eight patients (21%) had two shunt revisions prior to our study.

Figure 6: Duration between last shunt surgery and
current symptoms:

28% (n = 11) developed symptoms between 3months to 1 year,
10% (n = 4) developed symptoms within30 days, 26% (n = 10)
developed symptoms between one and three months, 15% (n = 6)
developed symptoms between 1 to 5 years and 18% (n = 7) had
symptoms after 5 years.
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Figure 7: Vomiting at presentation.

45% of study population (n = 17) had vomiting at presentation.

Analysis of clinical features:

Symptoms at presentation

Figure 8: Headache at presentation.

18% of study population (n = 7) had headache at presentation.

Figure 9: Fever at presentation.

16% of study population (n = 6) had fever at presentation.
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Figure 10: Seizures at presentation.

16 (42%) patients had seizures at presentation.

Other symptoms and signs

Other Symptoms and Signs Frequency Percentage
Abdominal Distension 1 2.6
Poor Oral Intake 2 5.2
Refusal of Feeds 1 2.6
Loose Stools 1 2.6

Table 1: Other Symptoms at presentation.

Neurological signs at presentation

Figure 11: Neurological Signs at presentation.
Bulging AF is seen in 4 (11%), Sunset sign in 3 (8%) , nuchal
rigidity in 2 (5.2%) and one each had dystonia and Cushings triad
(2.6%) (hypertension, bradycardia and irregular breathing).
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Figure 12: Bulging AF and shunt revision.
Anterior fontanellae was open in 14 (36%) patients, 4 (28%) had
bulging fontanellae and all of them required shunt revision.

Figure 13: Shunt site leak in our study population.
Shunt leak was found in five patients (13%) the shunt site was

normal in the rest

Figure 14: Sensorium at presentation.
Of the 38 patients, 24 (63%) had altered sensorium at presenta-
tion. 9 (23%) were in a post ictal state, 7 (18%) were lethargic, 6

(15%) were irritable and 2 (5.2%) were unresponsive.
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AVPU scale at presentation

Figure 15: AVPU scale at presentation.
14 (36%) were alert (A), 22 (63%) were verbally responsive (V)

and 2 (5.2%) were unresponsive (U).

Glasgow coma scale (GCS) at presentation

Figure 16: Glasgow coma scale at presentation.
31 patients (81%) had GCS between 13 to 15, five patients (13%)
had GCS between 9 to 12 and two patients (5.2%) had very low
GCS of < 8.

Radiological investigations

Figure 17: Radiographical Investigations.
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In this study 31 (81%) patients underwent radiographic imag-
ing to confirm or refute diagnosis of shunt dysfunction. 23 (60%)
underwent CT brain and among this 23 only 2 (5%) required X rays
in addition to CT imaging, 8 (21%) underwent MRI scan.

Figure 18: Findings in CT Brain.

CT Brain was done in 23 children (60%), evidence of shunt
malfunction i.e increasing hydrocephalus was found in 17 (74%).
Among the 18 children with increasing hydrocephalus 12 (70%)
had tube block,3 had (17%) tube displacement and 1 (6%) had
tube fracture and in 1 (6%) we could not explain the reason for
increase in hydrocephalus and hence required Xray series which

showed fracture of the tube at the level of the neck.

Figure 19: Findings in MRI Brain.

8 (21%) children required MRI brain. Out of the 8 children who
had MRI, 6 (75%) had evidence of increasing hydrocephalus and
2 (25%) had normal MRI. Among these 6,4 (66%) had evidence of
tube block and 1 (16%) had evidence of tube displacement and 1
(16%) had evidence of ventriculitis.
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Figure 19: Findings in MRI Brain.

Figure 20: Radiological investigations Vs

evidence of shunt malfunction.

Of the 23 children who underwent CT brain, 17 (74%) showed
evidence of shunt malfunction, among the 8 children who under-
went MRI Brain 6 (75%) had shunt malfunction, X ray series was
done in 2 patients, of which one child (50%) had tube fracture.

Figure 21: Reason for shunt malfunction.

Most common reason for shunt revision is tube block (n =
16,69%) followed by tube displacement (n = 4, 17%), tube fracture
(n =2,9%) and ventriculitis (n = 1,4%).

Shunt Revision Vs Shunt not revised

e Children who underwent shunt revision were taken as

group A

e  Children who did not require shunt revision were taken as

group B

Citation: Santosh Mohan Rao Kanangi, et al. “Correlation of Clinical Signs and Symptoms in Ventriculoperitoneal Shunt Dysfunction in Children- A Cross

Sectional Study". Acta Scientific Neurology 4.3 (2021): 63-74.



Correlation of Clinical Signs and Symptoms in Ventriculoperitoneal Shunt Dysfunction in Children- A Cross Sectional Study

Figure 22: Shunt Revision (Group A) Vs Shunt

not revised (Group B).

Of the 38 patients with suspected shunt malfunction, 23 (61%)

underwent shunt revision.

Symptoms and signs at presentation in patients who required

shunt revision (Grp A)

Figure 23: Symptoms and Signs in Patients with Shunt Revision.

Vomiting was the most common symptom (n = 11) 48% fol-
lowed by seizures (n = 7,30%), bulging anterior fontanelle (14%,
n = 4), sunset sign (13%, n = 3) and Cushing’s triad was seen in 1

patient (3.5%) in shunt revision group.
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Symptoms and signs at presentation in patients who did not

require shunt revision (Group B)

Figure 24: Symptoms and signs at presentation in patients who

did not require shunt revision (Group B).

Seizure was the most common presentation (n = 9, 60%) fol-
lowed by vomiting (n = 6, 40%), Fever (n = 3, 20%) and headache
(n=3,20%) in children who doesn’t require VP shunt. Bulging an-
terior fontanelle, sunset sign, dystonia and Cushing triad were not

observed in any of these children.

Predictability of clinical features for shunt revision

Headache

Headache Total
Yes No
Shunt Revised 4 19 23
Not Revised 3 12 15
Total 7 31 38
Table a

Four patients with shunt revised had headache, three patients
presented with headache but did not undergo shuntrevision. 0dd’s
ratio for Headache towards shunt revision is 0.84 (CI 0.16 to 4.44).

Vomiting

11 patients who presented with vomiting underwent shunt re-

vision. Six patients whose shunts were not revised presented with
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Vomiting Total
Yes No
Shunt Revised 11 12 23
Not Revised 6 9 15
Total 17 21 38
Table b

the complaints of vomiting. The odd’s ratio of vomiting leading to
shunt revision is 1.38 (95% CI:0.37 to 5.14).
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Shunt site leak
Leak Total
Yes No
Shunt Revised 5 18 23
Not Revised 0 15 15
Total 5 33 38
Table e

All the five patients with shunt site leak underwent shunt revi-

F
ever sion. The odds ratio for shunt site leak leading to shunt revision is
Fever Total 9.22 (95 % CI:0.47 to 18013)
Yes No
Seizures
Shunt Not Revised 3 12 15
Revised 3 20 23 Seizures Total
Total 2
ota 6 3 38 Yes No
Table ¢
Shunt Revised 7 16 23
Six patients presented with fever, three patients’ shunts were ;
Not Revised 9 6 15
revised, and the rest three did not undergo shunt revision. The
odds of fever leading to shunt revision is 0.60 (95% CI: 0.10  to Total 16 22 38
3.46).
Table f

Bulging anterior fontanelle

Anterior fontanelle closes at 15 months, so only those patients

were considered.

Bulging AF Total
Yes No
Shunt Revised 4 5 9
Not Revised 0 5 5
Total 4 10 10
Table d

All the patients with bulging anterior fontanelle had their shunts
revised. The Odd’s ratio for bulging anterior fontanelle patients go-
ing for shunt revision is 6.23 (95 % CI:0.26 to 146.77).

Shunt revision was done in 7 patients out of 16 patients suf-
fering from seizures. The odd’s ratio for shunt revision in patients
suffering from seizures is 0.29 (95 % CI:0.07 to 1.14).

Sunset sign

Sunset Sign Total
Yes No
Shunt Revised 3 20 23
Not Revised 0 15 15
Total 3 35 38
Table g
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All the patients with sunset sign had their shunts revised. The
odds ratio of shunt revision with sunset sign is 5.29 (95 % CI:0.25

to 110.18).
Sensorium
Altered Sensorium Total
Yes No
Shunt Revised 13 10 23
Not Revised 11 4 15
Total 24 14 38
Table h

The odds ratio for shunt revision with altered sensorium is
:0.12 to 1.94.

0.4795% CI

Imaging

CT and MRI brain

HYdmc;pll\lq;:zl;ls in CT Total
Yes No
Shunt Revised 22 1 23
Not Revised 2 6 8
Total 24 7 31
Table i

20 patients showed hydrocephalus with dilated ventricles, out
of which shunts of 18 patients were revised, two patients showed
hydrocephalus in CT, but did not undergo shunt revision. The odds
ratio for a positive imaging of hydrocephalus leading to shunt revi-
sion is 66.60 (95 % CI:5.08 to 857.72) (p < 0.01).

Discussion

Ventriculoperitoneal shunts (VP shunts) have been one of the
main modalities of treatment for hydrocephalus for more than
half a century. Complications such as shunt block, shunt migration
and infection during the course require shunt revision surgeries.
However, not all the symptoms occurring post ventriculoperitoneal

shunt are related to shunt malfunction.
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A review of literature about similar studies done in the past
revealed similar studies in infants done in the past by various
authors [1-3]. The male preponderance of 3:1 in shunt revision
patients was also observed in earlier studies [4-6]. Congenital aq-
ueductal stenosis was reported as the most common aetiology for
hydrocephalus [2,7] amounting to nearly one third of all cases. The
incidence of intraventricular hemorrhage resulting in hydrocepha-
lus ranged from 21% in our study, to 10% [8] or even less in other
studies [2]. IVH was the least common of all etiologies for hydro-

cephalus in an other study [4].

Hydrocephalus associated with Arnold Chiari malformation or
the development of hydrocephalus subsequent to surgery for Ar-
nold Chiari malformation accounted for 21% of the cases. This was
unique as literature about hydrocephalus associated with Chiari

malformations is sparse [9].

One patient in our study had Dandy Walker malformation as a
cause for hydrocephalus. This is rare and the incidence of hydro-
cephalus in Dandy walker syndrome varies from 20 to 80% [10].
Post-meningitic hydrocephalus accounted for 13% in our study of
which two were tuberculous meningitis. Tuberculous meningitis
was the most common infective cause for hydrocephalus [2,4,11]
and some studies state that 85% of children with TB meningitis

develop hydrocephalus [12].

Tumours, especially posterior fossa tumours, which are very
common in children and space occupying lesions are another im-
portant group causing hydrocephalus. Studies have shown [13]
that 10 to 40% of children have persistent hydrocephalus despite
successful surgical excision of the lesion. In our study, 7.8% (n = 3)
had hydrocephalus due to tumours and 2.6% (n = 1) had porence-
phalic cyst.

25 out of 38 patients developed symptoms within a year of hav-
ing the first shunt surgery, six patients developed symptoms within
five years and seven patients developed symptoms after 5 years.
The high rate of shunt revision in the first year after surgery was
also seen in other studies [14,15]. One study had a shunt revision
rate of 34.9% (n=51/146) [14].

In our study, 55% had one or more shunt revisions prior to the

study whereas 45% of study population never had VP shunt revi-
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sion prior to our study, 13 (34%) patients underwent one shunt
revision and eight patients (21%) had 2 shunt revisions prior
to our study. In one study [16], 84.5% of patients needed atleast
one shunt revision surgery whilst 4.7% of patients needed more
than 10 revision surgeries over a span of 15 years. Revisions were
common if the first procedure is performed in babies less than 40

weeks of gestation [17].
Clinical features at presentation

The most common symptom in our study population was
vomiting 45% (n = 17) followed by seizures 42% (n = 16), leth-
argy (18%), headache (18%), fever (16%) and irritability (15%).
Similar incidence of presenting symptoms were seen in other pae-
diatric studies [2,4]. Drowsiness was the single most important
predictive factor in a study [18]. This however was not a statisti-
cally significant predictor in our study. An increase in seizures in
patients who underwent ventriculoperitoneal shunts probably due
to the foreign body reaction to the shunt tube material, the number
of shunt revisions, infections and the location of burrhole has also

been reported [19].

Headache was one of the most common symptoms associated
with hydrocephalus in various studies [18,20]. The incidence of
both migrainous and non-migrainous headache was reported to be

increased in patients with VP shunt for hydrocephalus [21].

Fever was a presenting complaint in 16% of the patients in the
present study. Fever was found to be the predictor for shunt infec-
tion in a previous study [22]. Data regarding the GCS or AVPU scale
in children with suspected VP shunt malfunction, at presentation

is poor.

Bulging anterior fontanelle was seen in 28% (n = 4) of children
aged less than 18 months in the present study and all these pa-
tients underwent shunt revisions. A bulging anterior fontanelle
was strongly associated with shunt blockade and is an excellent
measure of raised intracranial pressure [22]. Sunset sign refers to
the upward gaze palsy in patients with hydrocephalus. In the pres-
ent study sunset sign was seen in 7.8% patients as compared to

13% in other studies [23]. Extracranial shunt site leak was found
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in five patients (13%) in our study whereas it was 28% in another
study [24].

Though all children with bulging anterior fontanelle, sun set
sign and extra cranial shunt site leakage required surgical shunt

revision they did not have statistical significance.
Investigations

(81%) 31 patients required radiographical investigations to
rule out shunt malfunction whereas 7 (19%) children did not re-
quire radiological investigations. In all children who presented
with suspected shunt malfunction CT was chosen as the first line
investigation as it was available within our hospital and requires
less sedation and is a recommended imaging modality in an emer-
gency. MRI brain was reserved for children who were stable and
in those where infection was suspected. Xray VP shunt series was
performed for a selective group which was decided by the neuro-

surgeon after reviewing CT films and not as a routine.

In our study, CT brain was done in 60% (n = 23) of children,
21% (n = 8) required MRI Brain, and X - ray VP shunt series (Neck,
Thorax and abdomen) were taken in 2 patients. CT and MRI data
can be used to predict the changes in morphology due to shunt
malfunction [25]. MRI has the advantage of not being a radiation
hazard to children [26].

Patients in our study population were categorised into group
A (those who underwent shunt revision) and group B (those who
did not undergo shunt revision) to aid statistical comparison and

analyses.

e Group A: Out of 23 patients who underwent shunt revision,
vomiting was the most common symptom (n = 11, 48%),
seizures (n = 7, 30%). Clinical signs of hydrocephalus, such
as sunset sign and bulging anterior fontanelle were seen in
three (13%) and four patients (14%) respectively. Cushing’s
triad was seen in 1 patient (3.5%).

e  Group B: Of the 15 patients who did not require shunt re-
vision, seizures was the most common presentation (n = 9,
60%), vomiting (n = 6,40%), fever (n = 3, 20%) and head-
ache (n = 3, 20%). Bulging AF, sunset sign, dystonia and

Cushing’s triad were not observed in any of these children.
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Odds ratio or definitive factor analysis

There was no statistical significant difference between the 2
groups in the symptoms such as fever, vomiting, alteredsensorium,
headache, seizures or signs such as sun set sign, AVPU and GCS
scale. Though all children with bulging anterior fontanelle, sun set
sign and extra cranial shunt site leakage required surgical shunt
revision these parameters did not have statistical significance.
Neuroimaging was found to be most useful for diagnosis of shunt

dysfunction.
Limitations of the study

We could not follow up the cases and analyse the long term con-
sequences of VP shunt on child development. The sample size in
our study is small and hence the results obtained cannot be com-
pletely validated. Also, as this is a single centre study conducted
in the Paediatric department of a tertiary care hospital the results

cannot be completely generalised.
Conclusion

There was no statistically significant difference in the symptoms
or signs between those children who had evidence of shunt block
(requiring VP shunt revision) and those who did not require VP
shunt revision but presented with similar complaints. Neuroimag-

ing was found to be most useful for confirming shunt dysfunction.
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