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of hydrocephalus. It typically requires medical attention, which frequently entails the
placement of a ventriculoperitoneal shunt (VPS) to lower intracranial pressure. We
intend to list the few, documented examples of neurological impairments resulting
from the installation of a VPS in this systematic study. Two search engines (PubMed and
Cochrane) were used to conduct a systematic review from 1975 to December 12, 2021.
The following search terms were employed: neurological deficits or neurological injury
or palsies or thalamus or tract or longitudinal fasciculus or somatotropy or fasciculus or
hearing loss or hemisensory or cortico AND ventriculoperitoneal shunt or VPS AND
hydrocephalus. The inclusion criteria included VPS, neurological deficits, and human
participants. The exclusion criteria included ventriculoarterial shunt, lumboperitoneal
shunt, nonhuman subjects, and infection. Twenty trials in total, including a total of 25
patients, were included. There were 17 case report studies. A total of 35/785 patients
(4.46%) experienced neurological impairments. In 9/25 (36%) of shunt cases had one of
the three recognized causes: trapped fourth ventricle, dandy walker, or syringomyelia.
Most of the patients developed VI, VIl nerve palsies 11/25 (44%) followed by weakness,
cerebellar symptoms, and VI nerve palsy. The brainstem was seen to be the most
often injured structure (15/25; 60%), followed by deep brain structures (thalamus,
basal ganglia, and white matter tracts; 20%). Even though ventriculoperitoneal
shunting is a routine and straightforward treatment, issues can still arise. Although
rare, there have been reports of cranial nerve impairments, therefore care should be
taken.
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Neurological Deficits following Ventriculoperitoneal Shunt (VPS) Insertion

Introduction

A reduction in fluid absorption or obstruction of normal
outflow is a common cause of hydrocephalus. It typically
requires medical attention, which frequently entails the
placement of a ventriculoperitoneal shunt (VPS).!

VPS-related complications are widely prevalent, and sev-
eral shunt revisions are nearly always required over the
course of a patient’s lifespan. Shunt failure can be caused
by a variety of factors, including blockage and pseudocyst
formation,? as well as, reported in the literature, by shunt
overdrainage (slit ventricles,’> malposition,® and rarely
abdominal perforation after placement).

One of the most frequent side effects of the VPS is
infection and bleeding. Although they are uncommon con-
sequences, neurological impairments and cranial nerve pal-
sies have been documented in numerous case reports. We
intend to list the few, documented examples of neurological
impairments resulting from the installation of a VPS in this
systematic study.

Methods

The study was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.® Two separate researchers performed a system-
atic review in the years 1975 to December 12, 2021 in the
two search engines PubMed and Cochrane. Participants were
limited to only humans. The following search terms were
employed: neurological deficits or neurological injury or
palsies or thalamus or tract or longitudinal fasciculus or
somatotropy or fasciculus or hearing loss or hemisensory or
cortico AND ventriculoperitoneal shunt or VPS AND hydro-
cephalus. The inclusion criteria included VPS, neurological
deficits, and human participants. The exclusion criteria
included ventriculoarterial shunt, lumboperitoneal shunt,
nonhuman subjects, and infection.

The search strategy for human studies revealed 1,184
studies. After duplicated studies were removed from the
primary survey, 1,176 studies were screened by title and
abstract. A total of 26 studies were included in the secondary
survey. The inclusion criteria in the secondary survey were
met by 16 articles, cross-reference added 4 more studies
making a total of 20 studies (PRISMA chart, ~Fig. 1).

Results

There were 25 patients included in a total of 20 studies
(=Table 1). There were 17 case report studies. Thirty-five of
785 patients (4.46%) experienced neurological impairments.
The majority of the patients were adults, and their ages
spanned from premature birth to 90 years. The known causes
for shunting were trapped 4th ventricle/dandy walker/sy-
ringomyelia 9/25 (36%), followed by posttumor resection/
posthemorrhage 7/25 (28%), normal pressure hydrocephalus
5/25 (20%), and infection 4/25 (16%).

Most of the patients developed VI and VII nerve palsies
11/25 (44%), followed by weakness, cerebellar symptoms,
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and VI nerve palsy. It is noticed that the common structures
to be injured were brainstem 15/25 (60%), followed by deep
structures of the brain (thalamus, basal ganglia, and white
matter tracts) 5/25 (20%). The timing of the deficits was
unclear. Supratentorial shunts were placed in 13/25 (52%),
whereas posterior fossa shunts were placed in 9/25 (36%),
while in 3/25 participants (12%) shunts were not placed.

Most of the follow-up period was not reported; however,
it ranged from 4 to 208 weeks. Revision of shunt occurred in
9/25 (36%) patients. As a result, about two-thirds of the study
participants experienced improvement.

Discussion

A large study of 10 years’ period with enrolment of nearly
450 participants, identified techniques of posterior VPS
insertion including ways to improve catheter insertion accu-
racy and minimizing complications. The ideal ventricular
catheter placement was achieved in 98% of cases; no adjust-
ments were required. Less than 1% of patients (n=4) who
underwent surgery later on experienced new neurological
impairments, two of which were brought on by intraparen-
chymal hemorrhages and the other two by improperly
inserted catheters that led to transient neurological
abnormalities.”

Numerous research has shown that a VPS can cause
unexpected insults because of direct injury to the basal
ganglia,® corticospinal tract and limbic system,’ discontinu-
ation and injury of the cingulum,10 corticoreticular pathway
and corticospinal tract, thalamocingulate tract,'? cortico-
reticulospinal tract,' and superior longitudinal fasciculus.'

Although occurrence of cranial nerve palsies is uncom-
mon, it is reported in youngsters.'> Low motor neuron facial
nerve palsies have only rarely been reported to arise after
VPS in three individuals'®~'® and one after an isolated fourth
ventricular shunt.'® In two cases, both facial and abducens
nerve palsies were caused by VPS implantation. By inserting
a high-pressure valve in one case and retraction of the
catheter a few centimeters in the other, both patients expe-
rienced full recovery.' In addition to facial and abducens
nerve palsies, unilateral trochlear nerve palsies following
shunt placement have also been documented, with two case
reports improving after strabismus surgery.?’ Additionally,
due to a misplaced catheter, bilateral trochlear nerve palsy
has been documented in a case report.?’

A small study was conducted back in July 1989 that
studied 12 patients with forth ventricular shunts. The study
showed that two-thirds of the patients developed new
cranial nerve dysfunction because of direct injury to the
floor of the fourth ventricle, causing intracystic hemorrhage.
One patient had a catheter tip in the brainstem and did not
develop neurological deficits.?? Another study showed lower
prevalence because of its large sample size. According to the
study, 2.5% of the kids had isolated fourth ventricles, and of
them, 2% had symptoms and needed posterior fossa shunt-
ing. As a result of a fourth ventricle that resembled a slit due
to brainstem irritation from the fourth ventricular catheter,
1% (0.007%) of participants in this study experienced new
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=
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a0 abstract
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o
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hydrocephalus, infection/ distal migration of
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N ventriculoarterial shunt, lumboperitoneal shunt,
hearing loss, conference abstracts/ proceedings
R
(n=1150)
Full text articles screened for eligibility
z (n=26)
E
)
w
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N not mentioning complications, no
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brain injury, inaccessible study, VPS
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>
) Articles included from cross reference:
(n=4)
3
3 Studies included in qualitative synthesis
e (systemic-review)
(n=20)
—

Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) chart showing studies that show neurological dysfunction

after ventriculoperitoneal shunt (VPS) insertion.

impairments in cranial nerves.?® If damage is done, it will
result in long-term paralysis of the sixth, seventh, tenth, and
twelfth cranial nerves.?* This is demonstrated in the case of a
patient who experienced complete unilateral sixth nerve
paralysis as a result of catheter insertion at the level of the
pontomedullary junction, as shown by magnetic resonance
imaging (MRI), and who recovered full function after the
catheter was repositioned using endoscopy.25

To diagnose the underlying cause of neurological deficits,
it is recommended to do diffusion tensor tractography to
visualize three-dimensional reconstruction of neural tracts
on brain MRL'%1 Treatment is typically case-by-case, and if
brainstem nuclei were damaged, it typically entails reducing
the catheter and switching the valve to a programmable one
that shows resolution of impairments.?3

Conclusion

Even though ventriculoperitoneal shunting is a routine and
straightforward treatment, issues can still arise. Although
rare, there have been reports of cranial nerve impairments,
therefore care should be taken.
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