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Evaluation of Shunt Revisions in Pediatric Hydrocephalus Cases
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ABSTRACT

Introduction: Ventriculoperitoneal shunt surgery is one of the
most commonly used methods in patients with hydrocephalus.
This study aims to reveal the causes of complications and revision
after shunt surgery and discuss measures that can be taken
against these situations.

Methods: We retrospectively reviewed the shunt revisions of 248
pediatric age groups who underwent ventriculoperitoneal shunt
surgery due to hydrocephalus between 2000 and 2016.

Results: Of the 248 patients, 127 (51.2%) were female and 121
(48.8%) were male. The mean age was 12 months. The most
common etiologic cause was congenital hydrocephalus. 71 of 248
patients (28.6%) underwent revision surgery. More than one
revision surgery was performed in 23 (% 32.4) of 71 patients who
underwent revision surgery. Infection (21.7%) and ventricular
catheter occlusion (17.1%) were the most frequent causes of
revision surgery.

Conclusion: The rate of revision surgery due to
ventriculoperitoneal shunt surgery in pediatric patients is still high
despite the development of diagnosis and treatment methods and
many researches about it. Investigating preventable causes of
revision surgeons may help to reduce high revision rates.
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INTRODUCTION

Hydrocephalus is one of the important diseases of the
past and present with high mortality and morbidity, all
over the world and in our country. Despite its early
diagnosis and treatment methods, it still maintains its

importance.

OZET

Giris:  Ventrikuloperitoneal sant uygulamasi  hidrosefalili
hastalarda en sik kullanilan yontemlerden biridir. Bu galismanin
amaci sant cerrahisi sonrasi gelisen komplikasyon ve revizyon
nedenlerini ortaya koymak ve bu durumlara kargi alinabilecek
onlemleri tartismaktir.

Yontemler: 2000 - 2016 yillari arasinda hidrosefali nedeniyle
ventrikUloperitoneal sant cerrahisi uygulanan pediatrik yas
grubundaki 248 hastanin retrospektif olarak sant revizyonlar
incelenmistir.

Bulgular: Opere edilen 248 hastanin 127 tanesi (%51,2) kiz, 121
tanesi (%48,8) erkekti. Ortalama yas 12 ay bulundu. En sik
gorilen etyolojik neden konjenital hidrosefaliydi. 248 hastanin 71
tanesine (%28,6) revizyon cerrahisi uygulandi. Revizyon cerrahisi
yapillan 71 hastanin 23 tanesine (%32,4) birden fazla sayida
revizyon cerrahisi uygulandi. Revizyon cerrahisinin kendi icinde
oranlarina baktigimizda enfeksiyon (%21,7) ve ventrikiiler kateter
tikanikligi (%17,1) en sik nedenler idi.

Sonug: Pediatrik hastalarda ventrikiiloperitoneal sant
cerrahisine bagli revizyon cerrahisi oranlari, tani ve tedavi
yontemlerinin gelismesine ve hakkinda bir cok arastirma
yapllmasina ragmen halen yiksek seyretmektedir. Revizyon
cerrahisinin énlenebilir nedenlerinin arastirilip incelenmesi yiksek
olan revizyon oranlarini digtirmeye yardimci olabilir.

Anahtar Kelimeler: Hidrosefali, Komplikasyon,
Meningomiyelosel, Ventriklloperitoneal Sant

Today, the most effective and widely used treatment
modalities in the treatment of hydrocephalus are
operations shunt and endoscopic surgeries (1). Shunt
operations are the process of draining the
cerebrospinal fluid (CSF) into another cavity with high

CSF absorption capacity, simply using a tube. The main
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purpose of surgical treatment in patients with
hydrocephalus is to reduce intracranial pressure and
return it to normal. Although there are many studies on
ventriculoperitoneal (V/P) shunts, there are still large
gaps in the literature and there is no serious evidence-
based guideline for hydrocephalus.

There is no general consensus on the follow-up and
treatment of V/P shunt complications, and there are
many different diagnoses and treatment methods for
the management of complications (2,3).

In general neurosurgery practice, V/P shunt operations
are accepted as surgeries with high complication rates
(4). The morbidity and mortality of hydrocephalus have
decreased significantly over time, but hydrocephalus
still causes potential complications that may require

surgical treatment (5).

METHODS

This study includes 248 cases operated on with the
diagnosis of hydrocephalus between 2000-2016. Open
and endoscopic third ventriculostomy operations and
ventriculoatrial, ventriculopleural shunt operations were
not included in the study. 248 operated cases were
reviewed retrospectively. Computed tomography
examination was performed in all 248 cases (CT). CSF
examination was performed in all patients. The
diagnosis was made by examining the ratio of Evan's
with CT in patients with routine clinical findings.
Intracranial pressure monitoring was not performed. All
of the cases were operated under general anesthesia.
A medium pressure adjustable shunt was used first for
all patients. Programmable shunts were routinely used
in patients who underwent revision surgery. Patients
with intracranial hemorrhage and meningitis were taken
to shunt operation after the acute phase passed. Broad-
spectrum antibiotics were used for 3 days in the post-
operative period. V/P shunt functionality was decided
according to neurological examination and CT findings.

V/P shunt was not applied if the white blood cell count

was 60 mm® and the protein content was more than
1000.

Ethics committee approval for our study was received
on 01.08.2018 from Health Sciences University Ankara
Health Practice and Research Center with decision
number 533.

The data of the study were analyzed with the Statistical
Package for the Social Sciences (SPSS) version 20.0.
Number, percentage, mean, standard deviation,
median, minimum and maximum values were used in
the presentation of the data. According to the results of
the normal distribution test, Kruskal Wallis Analysis of
Variance Test was used as a nonparametric test. Chi-
square test was used in the analysis of categorical

data. P<0.05 was accepted for statistical significance.

RESULTS

Of the 248 patients operated on, 127 (51.2%) were
female and 121 (48.8%) were male. There were 87
patients younger than 1 month, 72 patients between 1
month and 3 months, 55 patients between 3 months
and 12 months, 23 patients between 1 year and 6
years, and 11 patients between 6 years and 16 years
(Table 1).

Table 1. Distribution of cases by age and gender

Age Female Male Total number
of cases
<1 month 45 42 87
1 month - 6 month 37 35 72
6 month - 24 month 26 29 55
2 years - 6 years 14 9 23
6 years - 16 years 5 6 11
TOTAL 127 121 248
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The average age was 12 months. Of the 248 cases
treated, 110 (44.4%) congenital hydrocephalus with
(27.8%)
hydrocephalus not associated with meningomyelocele,
37 (14.9%)
hemorrhage,

meningomyelocele, 69 congenital
hydrocephalus due to
15 (6%) due to intracranial
12 (4.9%) hydrocephalus due to
infection and 5 (2.0%) hydrocephalus due to traumatic

perinatal
mass.

hydrocephalus,

hemorrhage (Table 2).

Table 2. Number of cases by etiology

Etiology Number of cases
Congenital Hydrocephalus 110
(including Mmc)

Congenital Hydrocephalus 69
(Excluding Mmc)

Perinatal Hemorrhage 37
Intracranial mass 15
Infection 12
Traumatic hemorrhage 5

Total 248

Abb. Mmc: Meningomyelocele

The mean follow-up period of 248 patients who were
operated wason 22 months. During the follow-up
period, 71 patients (28.6%) underwent revision surgery
due to complications and shunt dysfunction. When we
look at our revision rates during the 1l-year follow-up,
the result was 17.7%. Two or more revision surgeries
(9.3%). Shunt

dysfunction due to infection was the most common

were performed in 23 patients
cause of revision with 21.4% (n = 15). The second and
third most common causes were ventricular catheter
occlusion with 17.1% (n = 12), and distal catheter
occlusion with 12.9% (n = 9). Other reasons are as
follows; 10% subdural collection, 10% shunt rupture,

separation and migration, 8.6% wound problems, 5.7%

ventricular catheter misplacement, 5.7% abdominal tip
shortness, 4.3% isolated ventricle due to development,
% 2.9 abdominal pseudocyst formation, 1.4% shunt
dysfunction due to shunt valve occlusion.

When classified according to the etiology of 71 revised
patients, 31 (43.6%)
(including MMC), 21 (29.6%) Congenital Hydrocephalus
(excluding MMC), 12 (16.9%) Perinatal Hemorrhage, 6
(8.5%) Infection, 1 of them (1.4%) was observed to be
in the

Congenital Hydrocephalus

intracranial mass class. No revision was
performed in 3 patients with shunts due to traumatic
hemorrhage.

Revision surgery rates according to etiologic reasons
were 28.2% for congenital hydrocephalus (including
MMC), 30.4% for congenital hydrocephalus (excluding
MMC),

hemorrhage, 6.7% for hydrocephalus due to intracranial

32.4% for hydrocephalus due to perinatal

mass and 50% for infection-related hydrocephalus.
When we examined the rate of revision surgery with the
age at which V/P shunt surgery was performed, revision
surgery was performed on 55 (34.6%) of 159 patients
up to the age of 3 months, and 16 (18%) of 89 patients
older than 3 months. The low rate of revision surgery in
patients older than 3 months was found to be
statistically significant (p=0.009).

23 (32.4%) of 71 patients who underwent revision
surgery required 2 or more revision surgeries. The rate
of undergoing 2 or more revision surgeries in patients
who underwent shunt revision due to infection was
40%. This rate was 44.4% in distal catheter occlusion,
42.9% in subdural collection, 14.3% in shunt rupture,
separation, migration, 66.7% in wound site problems,
75% in ventricular catheter misplacement, 33% in
isolated ventricle formation, and 50% in abdominal
pseudocyst. A second revision was not required in
patients who underwent revision surgery due to
ventricular catheter occlusion, short abdominal tip, and

occlusion of the shunt valve (Table 3).
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Table 3. Comparison of the first revision surgery and the
need for additional revision

Causes of revisions Number of 2 or more
revisions revisions
Infection 15 6
Ventricular catheter 12 0
occlusion
Distal catheter occlusion 9 3
Subdural collection 7 3
Shunt rupture, separation, 7 1
migration
Wound problems 6 4
Misplacement of the 4 8
ventricular catheter
Short abdominal tip 4 0
Isolated ventricles 3 1
Abdominal pseudocyst 2 1
Occlusion of the shunt 1 0
valve
DISCUSSION

In studies conducted in various centers, revision rates
range from 16% to 50% (5,6). In our study, our overall
revision rate was found to be 28.6%, consistent with the
literature (7). Shunt obstruction is among the most
common causes of shunt dysfunction. There may be
occlusion of the ventricular end, more often the
abdominal end, and less frequently the valve. In our
study, the most common cause was infection 21.4%,
ventricular catheter occlusion the second most common
cause 17.1%, and respectively distal catheter occlusion
12.9%, subdural collection (shunt over drainage) 10%,
shunt rupture, separation, migration 10%, wound
location problems were found 8.6%, ventricular catheter
misplacement 5.7%, short abdominal tip 5.7%, isolated

ventricles development 4.3%, abdominal pseudocyst

formation 2.9%, shunt valve obstruction 1.4%. When
the literature is examined, there is no certain consensus
on the reasons for revision. Sometimes the same
situations can be expressed in different terms.

When we look at the rates of revision surgery with the
age at which V/P shunt surgery was performed, 55
(34.6%) of 159 patients aged up to 3 months and 16
(18%) of 89 patients older than 3 months underwent
revision surgery in our study. The low rate of revision
surgery in patients older than 3 months was found to be
statistically significant (p=0.009). These results were
similar to Tervonen et al.'s study of 80 pediatric patients
(8).

Prematurity and being underweight at the time of shunt
placement are among the risk factors for shunt revision.
It has been reported in various publications that being
underweight increases the revision rate as the week of
delivery decreases and shunt surgery is performed
(9,10). In our study, children born prematurely and with
low birth weight were compared with children born at
term and with normal weight, and no significant results
could be obtained. Patients who had a shunt within 3
months of birth were included in the group. We attribute
the reason why this comparison is not similar to the
literature because we used birth weight instead of the
patient's weight during shunt surgery. Because in the
study group, there are samples with low birth weight
and normal weight at the time of surgery.

Shunt infection rates vary, but generally range from 4%
to 17% (11,12). In our study, this rate was 6%;
however, it was the most common reason for revision
(21.4%). In the studies conducted, infection rates were
found to be higher in the neonatal period. The reasons
for this are that their immune systems are not
sufficiently developed, their skin is thin, they have
additional congenital malformations, their hospital stay
is long, and their shunt dysfunction rates are high (13).
In our study, when patients aged 3 months and younger

are compared with those older than 3 months, the rate
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of shunt infection is higher in patients younger than 3
months.

When we compared the rate of going to two or more
revisions due to the first revision surgery, it was
observed that the revision rates (66.7% and 75%,
respectively) due to wound problems and incorrect
placement of the ventricular catheter were higher than
the other rates. is congenital hydrocephalus is a chronic
disease and usually accompanied by additional
diseases, it was thought that wound healing was
impaired and therefore recurred. Since a hydrocephalic
brain does not always have an anatomical appearance
and may have an asymmetrical ventricular structure,
revisions due to incorrect placement of the ventricular
tip have been thought to have a high rate of revision.
There are various opinions regarding the timing of
shunt surgery in
associated with MMC. While MMC surgery and shunt
surgery are said to be in the same session, as it

patients with  hydrocephalus

shortens the hospital stay, it is said to reduce infection
rates, while the other opinion is that a long-lasting
surgery increases the risk of infection. It has been
reported that infective pathology rates such as
meningitis, ventriculitis and wound site problems will be
less in V/P shunt surgeries performed in different
sessions (14). In our study, the rate of revision in
hydrocephalic patients who underwent V/P shunt due to
MMC was compared with the shunt placed in the same
session and the revision rates of the patients who
needed shunt in later times. No significant difference
was found in revision and infection rates when shunted
patients were compared with the others in the same
session.

When we examine the relationship between the first
shunt surgery and revision surgery according to the
reasons for the first revision surgery, it is observed that
there is not much data in the literature in this sense. In
our study, the mean time between subdural collection

and ventricular catheter misplacement and revision

surgery was found to be 23.7 — 8.2 days, respectively.
They are detected quite early compared to other
revision causes. We attribute this to the fact that these
complications can be revealed by CT seen in the post-

operative period.

CONCLUSION

Hydrocephalus is an important health problem in terms
of mortality and morbidity all over the world and in our
country. Despite the increase in prenatal examination
methods, it is still encountered at a significant rate in
the newborn and pediatric age group.

The rates of revision surgery due to V/P shunt surgery
in pediatric patients are still high, despite the
development of diagnostic and treatment methods and
many studies on it.

When the causes of revision surgery are examined,
ventricular and distal

reasons such as infection,

catheter occlusion, subdural collection, mechanical
problems of the shunt, wound site problems, and
incorrect placement of the ventricular catheter is seen.
Infection and ventricular catheter occlusion are among
these causes. Remarkably, some of these causes are
among preventable causes rather than the natural
course of the disease.

Complication rates were found to be higher in patients
younger than 3 months compared to other age groups.
Although most V/P shunt surgeries are planned as an
emergency, the timing of surgery is very important.

A significant portion of patients who underwent V/P
shunt surgery due to hydrocephalus undergoes revision
surgery of 2 or more. The most common causes of this
condition include wound problems and incorrect
placement of the ventricular catheter.

The fact that shunt surgery complications can be
prevented keeps this issue up to date. Scientific studies
on the causes of V/P shunt revision will be effective in

preventing complications.

Eskisehir Med J. 2021; 3 (1): 5-10. doi: 10.48176/esmj.2022.46



Evaluation of Shunt Revisions in Pediatric Hydrocephalus Cases

Conflict of Interest: The authors declare no conflict of

interest regarding the patients, methods, or findings

used in this study.

Financial Disclosure: No funding was taken for this study

REFERENCES

1.

Kahle KT, Kulkarni AV, Limbrick DD, Warf BC. Hydrocephalus in
children. Lancet 2016; 20;387(10020):788-99.

Madsen JR, Boyle TP, Neuman MI, et al. Diagnostic accuracy of
non-invasive thermal evaluation of ventriculoperitoneal shunt flow
in shunt malfunction: A prospective, multi-site, operator-blinded
study. Neurosurgery 2020;87(5):939-48.

Notarianni C, Vannemreddy P, Caldito G, et al. Congenital
hydrocephalus and ventriculoperitoneal shunts: Influence of
etiology and programmable shunts on revisions. J Neurosurg
Pediatr. 2009;4(6):547-52.

Eroglu A, Eseoglu M, Yalgin E, Atabey C. Evaluation of Shunt-
related Complications in Ventriculoperitoneal Shunt Performed
with a Hydrocephalus Diagnosis of 47 Cases. Turk Noérosir Derg.
2016; 26(1):36-9.

Morina Q, Kelmendi F, Morina A, Morina D, Bunjaku D.
Ventriculoperitoneal shunt complications in a developing country:
a single institution experience. Med Arch. 2013;67(1):36-8.
Browd SR, Gottfried ON, Ragel BT, Kestle JRW. Failure of
cerebrospinal fluid shunts: Part II: Overdrainage, loculation, and
abdominal complications. Pediatr Neurol. 2006;34(3):171-6.

7.

10.

11.

12.

13.

14.

Ghritlaharey RK, Budhwani KS, Shrivastava DK, Srivastava J.
Ventriculoperitoneal shunt complications needing shunt revision
in children: A review of 5 years of experience with 48 revisions.
African J Paediatr Surg. 2012;9(1):32-9.

Tervonen J, Leinonen V, Jaaskeldinen JE, Koponen S, Huttunen
TJ. Rate and Risk Factors for Shunt Revision in Pediatric
Patients with Hydrocephalus—A Population-Based Study. World
Neurosurg. 2017;101:615-22.

Drake JM, Kestle JRW, Tuli S. CSF shunts 50 years on - Past,
present and future. Child’s Nerv Syst. 2000;16(10-11):800-4.
Shannon CN, Acakpo-Satchivi L, Kirby RS, Franklin FA, Wellons
JC. Ventriculoperitoneal shunt failure: An institutional review of 2-
year survival rates. Child’s Nerv Syst. 2012;28(12):2093-9.
Broggi M, Zattra CM, Schiariti M, et al. Diagnosis of
Ventriculoperitoneal Shunt Malfunction: A Practical Algorithm.
World Neurosurg. 2020;137:e479-86.

Tamber MS, Klimo P, Mazzola CA, Flannery AM. Pediatric
hydrocephalus: Systematic literature review and evidence-based
guidelines. Part 8: Management of cerebrospinal fluid shunt
infection. J Neurosurg Pediatr. 2014;14(November):60—71.
Kalangu KKN, Esene IN, Dzowa M, Musara A, Ntalaja J, Badra
AK. Towards zero infection for ventriculoperitoneal shunt
insertion in resource-limited settings: a multicenter prospective
cohort study. Childs Nerv Syst. 2020 Feb;36(2):401-409.
McCarthy DJ, Sheinberg DL, Luther E, McCrea HJ.
Myelomeningocele-associated hydrocephalus: nationwide
analysis and systematic review. Neurosurg Focus. 2019 Oct
1;47(4):E5

Cite as: Kurtulus A, Tekiner A, Kul H, et al. Evaluation of Shunt Revisions in Pediatric Hydrocephalus Cases.

Eskisehir Med J. 2021;3(1):x-X.

Eskisehir Med J. 2021; 3 (1): 5-10. doi: 10.48176/esmj.2022.46

10



