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ABSTRACT

Objective: This prospective cross-sectional study was aimed to assess the effectiveness of low-pressure vs.
medium-pressure shunts in children with hydrocephalus.

Material and Methods: 52children with different types of hydrocephalus were admitted through OPD and
Surgical emergency at The Children Hospital, Lahore. All Children were gone through Ultrasonography and CT
Brain plain after admission. The pediatric hydrocephalus was resolved into two groups. All patients treated
with Chhabra differential pressure VP (ventriculoperitoneal) shunt in either low pressure or medium pressure.
CT scans were used to assess the postoperative clinical and radiological outcomes to monitor the ventricle
hemispheric ratio (VHR).

Results: A low-pressure shunt was implanted in 26 individuals, whereas a medium-pressure shunt was
implanted in 26 individuals. Patients varied in age from one day to thirteen years old. In group A, the average
VHR was 57.58% preoperatively, but it dropped to 42.88% after surgery. Similarly, in group B, the pre-and
postoperative VHR was 59.35% and 42.81%, respectively, which was statistically significant. In both groups, the
incidence of shunt complications and redo shunt operation were not statistically significant.

Conclusion: In this study, individuals with pediatric hydrocephalus who had a low-pressure shunt or a
medium-pressure shunt had similar outcomes.

Keywords: Hydrocephalus, Shunt Device Pressures, Ventriculoperitoneal Shunt, ventricle hemispheric ratio
(VHR).
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consistency of care or treatment between
different forms of hydrocephalus and the shunt
pressure systems employed among the verified
cases of hydrocephalus at our facility. In this
current study, we assessed the effectiveness of

low-pressure vs medium-pressure shunts in
children with hydrocephalus.
Ventriculoperitoneal (VP) shunts are the

standard treatment options in children with
hydrocephalus, especially in neonates and
infants."? CSF is diverted from the brain's
ventricles into the peritoneal cavity using this sort
of shunt. The distal catheter's tip lies in this
hollow close, but not within, the intestine and
bowel loops. The CSF that has been redirected to
this location is reabsorbed into the circulation
and expelled through regular urine. In an adult,
the usual rate of CSF synthesis is 0.35 ml/min.
Normal lateral and third ventricles have a capacity
of around 20 ml, but an adult's total CSF volume
is 120-150 ml. As a result, CSF is recycled three
times each day under typical circumstances. The
valves simply function based on the opening
pressure, which is the difference in pressure
between them. There are no uniform standards
for low pressure (0-5 cm of H,O), medium
pressure (5-10 cm of H,O), and high pressure
(10-15 cm of H,O) shunts. Once open, these
valves provide very little resistance to flow. Drake
et al. in a large-scale randomized trial compared
standard  differential valves to externally
programmable valves and found that the new
design did not significantly impact the shunt
failures.>* The selection of low —medium pressure
shunts has been a matter of controversy for the
last 25 years. There is no well-defined indication
for the selection of shunts and their efficacy. Not
many studies done on this issue and the few
studies that have been done have given equivocal
results>® We present a comparison on the
outcome of low- versus medium-pressure shunts
in pediatric patients with hydrocephalus in the
largest tertiary care pediatric hospital of Pakistan.

252 Pak. J. of Neurol. Surg. — 2021 — 25 (2): 251-256.

MATERIAL AND METHODS
Study Design & Setting

A prospective cross-sections study was conducted
at The Children Hospital and The Institute of Child
Health Lahore, Pakistan. A total of 52 patients
with pediatric hydrocephalus were admitted,
operated and followed up from December 2020
to May 2021. Informed consent was taken from
the parents or attendants of the children. Ethical
approval from the concerned department was
obtained prior to the study.

Patients’ Groups & VP Shunting

The children with  hydrocephalus  were
randomized to receive low- or medium-pressure
VP shunts and were categorized into two groups
(group A = 26 and group B = 26 patients).
Randomization was done by a computer-
generated method. Third-person (randomizer)
who was not part of the study and, thus,
participant, investigator, and analyzer were
unaware of group distribution, establishing a
triple-blind study. In all children, the Chhabra VP
shunt, either low or medium pressure was used.
VP shunting was done according to the routinely
established procedure through the parietal
approach.

Post-operative Assessment &
Follow-Up

The children were followed up postoperatively on
a monthly basis for the first 3 months and then 3-
6-months thereafter. The children were also
assessed for any known complications of the
shunting procedure, like infections, malfunctions,
and seizures. The post-operative assessment was
done from radiological evaluation of the
ventricular size by measuring the ventricular-
hemispheric ratio (VHR) pre- and postoperatively
(at 3 months).
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Ventricle Hemispheric Ratio (VHR)

The ventricle hemispheric ratio-VHR (normal: 24—
33%) was calculated from the computed
tomography  (CT) scan films or on
ultrasonography by calculating the ratio of the
maximum ventricular diameter of the frontal horn
of the lateral ventricle at the level of the atrium to
the diameter of the brain at the same level.

Statistical Calculations

All data was calculated in the SPSS version 25.
Normality of the data was assessed by the
Shapiro Wilk test. As data was distributed normal,
and therefore independent-sample t and paired
sample t-tests were applied to compare the pre-
op and post-op Ventricle hemispheric ratio
between groups.

RESULTS

Age Distribution

The median age of group A was 6 months (0 — 36
years) and of group B was 4 months (0 — 120
years). Infants (79%) dominated the study; the
eldest patient in our study was of 13 years and
the youngest was of 15 days.

Management of Shunt Surgery

26 cases (in group A) had low-pressure shunts,
whereas, other 26 patients (in group B) had
medium-pressure shunts. Indications for shunt

surgery were as follows: the congenital
hydrocephalus associated with
meningomyelocele (72%), congenital

hydrocephalus alone (18%) and others (10%). The
patients with meningomyelocele underwent a
meningomyelocele repair at the time of
presentation. A VP shunt was placed later when
these patients developed increasing head size
and VHR. Most male patients were present in
both groups (group A 20/26 versus group B
15/26). The increased head size (67.5%) was the
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common clinical feature, followed by signs of
meningitis, raised intracranial pressure, and other
neurological signs. The mean follow-up was 23
months (ranging from 12 to 42 months) (Table 1).

Table 1: Age and Gender Distributions.

Female Patients
Total: 17 (32.69%)

Male Patients

Age
Total: 35(67.30%)

2 months to 2 years 28 (53.84%) 13 (25%)
2-10 years 6 (11.53%) 3 (5.7%)
10 - 13 years 1(1.92%) 1(3.8%)
Demographic
17, 33%

35,67%

O Males B Females

Figure 1: Pie-Chart (Male & Female Distribution).
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Figure 2: Patients distribution in both groups.
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Groups Pre-op VHR
Group A: (Low-pressure shunts) 5758 +5.75
Group B: (Medium-pressure shunts) 59.35+5.93
p-value 0.280

Table 2: Comparisons of Ventricular Hemispheric Ratios (VHRs) in both Groups.

Post-op VHR Change in VHR p-value!
4288 + 5.16 14.69 + 4.08 < 0.001*
4281 +5.19 16.54 + 4.62 < 0.001*

0.957 0.133 -

Key: 'Paired sample t test; €Independent sample t test

Comparisons of Ventricular
Hemispheric Ratios (VHRs)

Results revealed that there was no difference in
mean Ventricle hemispheric ratio between both
groups preoperatively and postoperatively. The
average preoperative VHR in group A was 57.58%
which reduced to 42.88% postoperatively (p <
0.0017); likewise, the average preoperative VHR in
group B was 59.35% which reduced to 42.81%
postoperatively (p < 0.001) and both the
differences were statistically significant (Table 2).
The mean decrease in VHR in group A was
14.69% while in group B it was 16.54% but this
difference was statistically insignificant (p =
0.133).

Complications & Follow-up

There was no incidence of slit ventricle syndrome
in either group. On follow-up, four patients had
shunt blockages (10%), two in each group, with
three patients having associated shunt infections
(two patients from the low-pressure group and
one patient from the medium-pressure group).
One patient in the medium-pressure group
developed shunt breakage. Five patients required
redo shunt procedure due to these complications
(three patients in the low-pressure group and two
patients in the medium-pressure group) (p =
0.5614).

DISCUSSION

Very few studies have been conducted calculating
the VHR of children with hydrocephalus.’
McQuarrie et al. in one of his study in adult-onset
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obstructive hydrocephalus concluded that low-
pressure shunts were followed by better (68%)
objective improvement in all the cases than
medium-pressure shunts, a similar study was
done by Boon et al, in adults with normal
pressure hydrocephalus (NPH),>"® while Larsson
et al, in their study concluded that clinical effect
and reduction in ventricular size are independent
of shunt opening pressure.’ Recent studies have
concluded that standard differential pressure
valve shunts with the newer anti siphon valves
and flow-regulated valves usage. The use of these
valves are still in the debate because some
authorities take it beneficial and others consider it
non-beneficial >’ These valves are very costly
then standard valves, so their efficacy are still in
debate and they are not freely available in our
country. The majority of our patients are not able
to afford these shunts.

In the current study, we used the standard
Chhabra shunt, which is very cheap and freely
available in Pakistan. The Chhabra shunt is a cost-
effective device that includes a procedure for
avoiding gravitational syphoning. In a vertical
position, 1 — 3 stainless steel weighing balls
(depending on performance level) press on a
sapphire ball, closing the CSF flow aperture and
raising the shunt's opening pressure. The opening
pressure is theoretically equal to 0 mm Hg when
the balls fall away in the horizontal position.
Other gravitational shunts, such as the Cordis
horizontal-vertical LP (Lumboperitoneal Shunt)
valve, the dual-switch Miethke valve (of
Germany), and the Fuji (of Philippines)-a low-cost
valve, use the similar principle.'> Previous
literature did not specify whether to use low- or

http//www.pakjns.org



Mian Awais, et al: Comparison of Low — Versus Medium-Pressure Shunts in Pediatric Hydrocephalus — A Study of the Children

medium-pressure shunts or the indications for
either. In another study by Robinson and Park
(2001) on 200 patients considered medium-
pressure valve perform better than low-pressure
valve, and concluded that the valve opening
pressure was the only important modulated factor
linked with shunt malfunction. Also, the difference
in outcome was explained by the fact that a low-
pressure valve allows gradually more drainage of
cerebrospinal fluid, resulting in smaller ventricles
and a higher risk of proximal occlusion.®

The best radiological tool to recognize
hydrocephalus in children is via the VHR (normal
VHR is 24-33%); any value above that is
considered abnormal.”® The purpose of our study
was to make a conclusion on whether the choice
of shunt pressure low vs medium affects the
outcome in the pediatric hydrocephalus group.
Both of our groups were comparable in relation
to the age of the patients. We have used
Ultrasonography as an effective tool in
diagnosing progressive ventricular dilatation in
children with open fontanelle." Patients with
fused fontanelle and patients with congenital
hydrocephalus underwent a CT scan or magnetic
resonance imaging head for objective assessment
of the VHR and a proper evaluation of the
intracranial pathology causing hydrocephalus.
Beside symptomatic improvement, both groups
show a significant decrease in VHR in follow-up,
but there is statistically no difference in the
change in ratio in comparing both groups. It was
expected that low-pressure shunts would have
better resolution of ventricular dilatation and a
higher incidence of slit ventricle syndrome as
compared with the medium-pressure shunts.’
However, in our study, the resolution of
ventricular  system dilatation showed no
difference in either group. Shunts’ outcome was
also assessed on the basis of complications and
the need for redo surgery. On average, each
patient of hydrocephalus is likely to have two to
three operations throughout their life for shunt
revisions; about 40-60% of shunt develops
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complication at some stage. One-third of these
complications occur within the first year of shunt
placement.”"® The total complication in our
study was 20%, which compares favorably with
the results in the literature partly due to a lower
incidence of postmeningitis hydrocephalus in our
study. The group-wise complication rates in
groups A and B were 21% and 19%, respectively.
The incidence of shunt blockage was found in
10% of the total cases, two in each group.
However, shunt breakage was found only in one
case of group B. Shunt infection was found in two
cases of group A and in one case in group B.

CONCLUSION

This  study demonstrated no statistically
significant difference in the outcome when either
low-pressure or medium-pressure shunts are
used in pediatric hydrocephalus. The degree of
resolution of dilated ventricles was also found to
be independent of shunt opening pressure. There
was no difference in complication rates with
either shunt type.
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