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ABSTRACT

الأهداف: توقع حدوث خلل في أجهزة التصريف لدى الأطفال في 
إحدى مستشفيات الرياض ، المملكة العربية السعودية. 

المرضى  فيها  ن  ضُمِّ تاريخية.  حشدية  دراسة  اقيمت  المنهجية: 
على  واحدة  مرة  مراجعة  عملية  إجروا  والذين  عامًا   18 من  الأصغر 
العمر  وفق  البيانات  مَت  قُسِّ 2019م.  إلى  2016م  عام  من  الأقل 
المراجعة  الصمام وسبب  الصمام وموضع  ونوع  والتشخيص  والجنس 

وجزء المراجعة.

أنثى(،   36% و  ذكراً   64%( مريضاً   45 تضمين  تم  النتائج: 
مراجعته  تمت  الذي  شيوعًا  الأكثر  الجزء  كان  مراجعة.  عملية  و82 
أكثر  المنخفض  الضغط  صمام  وكان   ، بالكامل  التحويل  نظام  هو 
مراجعة  تطلب  ثم  ومن  عملية  أول  في  إستخداماً  الصمامات  أنواع 
)%15.5(. لم نجد فروق ذات دلالة إحصائية بين المجموعات الأربع.

الخاتمة: عند استخدام أجهزة التصريف البريتوني لأول مرة مع مريض 
صغير العمر )لا يتجاوز 6 أشهر( يرتفع معدل فشل الجهاز. يرجع 
للصمامات  الميكانيكية  أعطال  إلى  الثلاث  المرات  في  الجهاز  فشل 
مراجعة  هو  إتباعاً  الأكثر  الطبي  الإجراء  وكان  ثانياً.  والعدوى  أولًا 
نظام التحويل بأكمله. يوصى بإجراء دراسة مستقبلية متعددة المراكز 

لتأكيد النتائج الحالية.

Objectives: To examine the predictors of pediatric 
ventriculoperitoneal (VP) shunt malfunction in a 
university hospital.

Methods: A retrospective cohort was conducted. 
Patients under 18 years old who underwent VP shunt 
revision at least once between 2016 and 2019 were 
included. Data were stratified based on age, gender, 
diagnosis, type of valve, valve position, cause of 
revision, and part revised.  

Results: A total of 45 patients (64% males and 36% 
females) were included in this study. Eighty-two 
revision surgeries were identified. The most common 
revised part was the entire shunt system. The most
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 common type of valve which required revision was 
the low-pressure valve (15.5%). Since a p-value of less 
than 0.05 was considered significant, no significant 
differences among the 4 groups for different points.

Conclusions: Younger age at initial VP shunt insertion 
is associated with a higher rate of shunt malfunction. 
Valve mechanical failures followed by infections are 
the most common causes for the first 3 revisions. A 
prospective multi-center study to confirm the current 
findings is recommended.
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Ventriculoperitoneal (VP) shunt insertion is one 
of the most common procedures in pediatric 

neurosurgery for treating hydrocephalus.1 Among 
pediatric age group hydrocephalus is considered a 
common, surgically correctable condition in which 
there is an increase in the volume cerebrospinal fluid 
(CSF), leading to cerebral ventricles dilatation, thinning 
of the cerebral mantle, and elevation of intracranial 
pressure.2 Patients with VP shunts represent more than 
30,000 hospital admissions per year.2 Although VP 
shunting has decreased the morbidity and mortality 
of hydrocephalus, it is still associated with multiple 
complications, many of which require surgical 
revision.1-4 Recent studies have reported the rate of 
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complications following VP shunting to be between 
30% and 50%.3-6 Shunt malfunctions causes can be 
categorized into infectious, mechanical, or functional.2-4 
Shunt failure definition is revision or replacement of the 
original shunt between 30-days and 1-year.2 Mechanical 
failure can happen at the proximal end, valve, or 
distal end, and it includes obstruction, disconnection, 
fracture, distal end migration, or inflammation. 
Functional failure happens when there is overdrainage 
or underdrainage of cerebrospinal fluid while the whole 
shunt system is properly functioning. Infection happens 
when the patients demonstrate clinical findings and 
positive fluid sampling results.3 The most common 
complication necessitating revision are obstruction, 
infection, and displacement.2,3,6,7 Shunt failure is most 
common within the first 2 years postoperatively.3 
Many important predictors of VP shunt failure have 
been reported in the literature, including etiologies of 
the hydrocephalus, prematurity, and age at the initial 
placement of the shunt.1,8,9 Clinical factors that may 
increase the risk of shunt revision include time from 
the first surgery, surgical procedure duration, prior 
treatments, number of surgeons, surgical expertise, 
surgical technique, anatomic site of the shunt, and 
diagnosis.1,7-10 Proximal catheter tip location is another 
predictor, as tip positions in the Foramen of Monro, 
lateral ventricles, or the third ventricle all were associated 
with lower rates of surgical revision.11 Other predictors 
of shunt failure were reported to be poor catheter 
placement and use of a non-programmable valve.12

Previous studies have emphasized the need to 
identify children at risk, and for prospective cohorts 
to to investigate the relationship of risk factors and 
incidence of shunt revisions.1,9,10 Risk factors for VP 
shunt complications vary across institutions and 
populations, and a very limited number of studies 
addressing VP shunt malfunction have been conducted 
in Saudi Arabia, and only one in the last 10 years was 
published.13

The goal of this study was to determine patterns and 
predictors of pediatric VP shunt malfunction, causes 
of the hydrocephalus and VP shunt revision and type 
of valve malfunction and define the best preventive 
measures. This knowledge will contribute to lowering 
the incidence of shunt malfunction, decreasing the 

number of surgeries, and increasing complication-free 
intervals between surgeries in hydrocephalic pediatric 
patients. 

Methods. Database creation and literature review. 
The study was carried out using a retrospective cohort 
design. Patients below the age of 18 admitted to the 
neurosurgery ward at King Saud University Medical 
City for revision of VP shunt from February 2016 to 
February 2019 were with complete medical records 
included. The exclusion criteria were conservative, non-
surgical management, bilateral VP shunts, VP shunt 
revision at other institutions, age above 18 years at 
initial insertion or subsequent revisions, and missed or 
incomplete documentation.

Information about the revision procedures was 
collected from the patients’ medical records. A 
standardized, comprehensive data collection sheet 
was used to collect patient data, including socio-
demographic information, cause of hydrocephalus, date 
of diagnosis, type of shunt system used, shunt insertion 
technique, number of previous revisions, and treatment 
of the primary pathology.

Patients were stratified by age (<6 months, >6 months, 
9-12 months, 1-3 years, 3-6 years, >6 years), gender 
(male and female), diagnosis (congenital hydrocephalus, 
intracranial tumor, myelomeningocele, aqueductal 
stenosis, post-traumatic, and post-infectious), hole 
placement (frontal vs occipital), type of valve (low, 
medium, high pressure, or programmable), valve 
position (burr hole: old or new at the revision, in-line), 
the reason for revision (shunt infection, proximal 
catheter disconnection, proximal catheter obstruction, 
distal catheter obstruction, valve mechanical failure, and 
others), and part revised (whole, proximal, and distal).

The strategies for the literature search were 
conducted across PUBMED/MEDLINE using the 
following MeSH search terms: Ventriculoperitoneal 
Shunt; Pediatrics; Malfunction; Shunt. Searches were 
tailored using the Boolean operators “AND or OR”. 
Reference lists of reviews and retrieved articles were 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company. 

Table 1 -	 Demographic distribution of patients

Etiology n (%) 

Congenital 17 (38)
Myelomeningocele 14 (31)
Intracranial tumor 4 (9)
Post-infection 2 (4)
Post-trauma  1 (2)
Others 7 (16)
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assessed for further studies.
Variables and definitions. In our project, shunt 

system dysfunction was divided into proximal end 
dysfunction, valve dysfunction, distal end dysfunction, 
or the entire system dysfunction. Possible causes of 
revision are mechanical shunt failure or infection. 

Mechanical shunt failure was defined by any of the 
following situations: obstruction of any part by blood, 
debris, choroid plexus or tissue parenchyma, kinking, 
adhesions, disconnection, fracture, distal end migration 
confirmed radiologically or intraoperatively by the 
surgeon. 

Infection was defined by positive clinical findings: 
high temperature upon presentation, high white blood 
cell count, or fluid sampling results. 

Statistical analysis. Primary variables assessed 
included age, gender, diagnosis, type of valve, the reason 

for revision, and part revised. The Kruskall-Wallis test 
was used to assess the median number of replacements 
across different groups. No post hoc tests were used due 
to the p-value indicating no significant relation Data 
analysis was carried out using IBM SPSS statistical 
software version 22.0. A p-value <0.05 was considered 
statistically significant.

Ethical aspects. The hospital ethics committee 
approved the study protocol. There was no need for 
informed consent for participation in the study as each 
participant was represented in the database using an 
anonymous unique identifier (ID).

Results. A total of 137 patients underwent VP 
shunt placement at our hospital during the period of 
this study. These consisted of 80 adults and 57 pediatric 
cases. Amongst the pediatric cases, 45 had a complete 

Table 2 -	 Causes of Ventriculoperitoneal Shunt revision (n=45).

Cause of revision Total cases at first 
revision (n=45)

Total cases at 
second revision

(n=21)

Total cases at third 
revision
(n=11)

Total cases at 
fourth revision

(n=5)

P-value

n (%)
Valve mechanical failure 15 (33) 4 (19) 4 (36) 1 (20) 0.595
Shunt infection 11(24) 8 (38) 3 (27) 2 (40) 0.660
Proximal catheter malfunction 8 (18) 2 (9.5) 1 (9) 0 (0) 0.580
Distal catheter obstruction 5 (11) 2 (9.5) 0 (0) 1 (20) 0.598
Others 3 (7) 5 (24) 3 (27) 1 (20) 0.156
*Not documented 3 (7) 0 (0) 0 (0) 0 (0) 0.464

Table 3 -	 Revised part during shunt revisions

Surgical procedures done 
during shunt revisions

Total cases at 
first revision 

(n=45)

Total cases at 
second revision

(n=21)

Total cases at third 
revision
(n=11)

Total cases at 
fourth revision

(n=5)

P-value

Distal catheter 4 (9) 4 (19) 1 (9) 0 (0) 0.521
Proximal + valve 6 (13) 0 (0) 0 (0) 0 (0) 0.150
Proximal catheter 7 (16) 3 (14) 2 (18) 0(0) 0.801
Valve 9 (20) 3 (14) 4 (36) 0 (0) 0.311
Whole shunt system 17 (38) 10 (48) 4 (36) 4 (80) 0.298
Not documented 2 (4) 1 (5) 0 (0) 1 (20) 0.490

Table 4 -	 Median number of revisions across different valve types.

Valve type Median number 
 of revisions

Interquartile 
range

P-value

Low pressure 1 1 0.773
Medium pressure 1.5 2
Medium-low pressure 1 1
Programmable 2 3

medical record and underwent VP shunt revision and 
thus were included in the final analysis.

A total of 45 pediatric patients (64% males and 
36% females), with a total of 82 revision surgeries 
were included in the study. The underlying causes of 
hydrocephalus in the selected sample are shown in 
Table 1.

All the included patients required one or more shunt 
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We can see from Table 4 and Figure 1 that low 
and medium-low pressure valves having one median 
replacement and medium and programmable valves 
have a slightly higher number of median revisions. 
However, this was not shown to be statistically 
significant. Burr hole location in each revision surgery 
illustrated in Table 5.
 
Discussion. Hydrocephalus is a commonly 
encountered disease in pediatric neurosurgery, managed 
with VP shunt insertion.1,2 Shunt complications 
necessitating revisions are common, with revision rates 
ranging from 30% to 50%.3-6 This study included 45 
patients with 82 revision surgeries. The most common 
age group requiring multiple revision surgeries was 
under 6 months. In the following section, we will be 
comparing and contrasting our findings with what is 
reported in the literature. 

Many indications for ventriculoperitoneal shunt 

Figure 1 -	Proportion of individuals underwent the valve revisions and corresponding cumulative valve revision frequencies, stratified according to the 
valve type

revisions, 45 (100%). Twenty-one (47%) required 
revision twice, 11 (24%) required revision 3 times, and 
5 (11%) required revision 4 times.

Among the sample, 52% (17% female, 35% male) 
failed VP shunting within 24 months after initial 
placement and required revision surgery. The most 
common age group requiring more than 2 revision 
surgeries was under 6 months, followed by 1-3 years of 
age. The causes of VP shunt revisions are illustrated in 
Table 2.

In our sample, the most common surgical revisions 
involved revising the entire shunt system. The frequency 
of replaced parts during shunt revisions appears in 
Table 3. The most common type of valve used at 
initial insertion was low-pressure (33%), followed by 
medium-pressure (27%), programmable (20%), and 
medium-low (13%). 

The most common valve requiring revision surgery 
was the low-pressure valve (15.5%).

Table 5 -	 Hole placement in revision surgery.

Hole locations Total cases at first 
revision (n=45)

Total cases at second 
revision (n=21)

Total cases at third 
revision (n=11)

Total cases at fourth 
revision (n=5)

Same hole placement 29 (33) 18 (85.7) 9 (81.8) 3 (60)
New hole placement 12 (26.6) 3 (14.3) 2 (18.2) 1 (20)
Not documented 4 (8.8) 0 (0) 0 (0) 1 (20)
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revision surgeries have been reported. The most 
common cause is often mechanical failure, although the 
specific cause differs, and most studies report the second 
most common is infection. We report similar results, 
where valve mechanical failure and infections were 
found to be the most common indications for the first 
3 revisions, with valve mechanical failure accounting 
for 33%, 19%, and 36% of the first three revisions, 
respectively. Infection accounted for 24%, 38%, and 
27% of the first three, respectively.

Pan P6 retrospectively evaluated risk factors leading 
to shunt failures in 137 hydrocephalus patients. The 
most common complications in the cohort were shunt 
blockade (45.94%), and shunt infection (16.21%). 
Ahmadvand S, et al7 retrospectively studied 82 patients 
with 121 revisions, the most common complication 
reported was obstruction of the shunts (53.6%). 
Agarwal N et al9 retrospectively studied complications 
of VP shunt in 41 hydrocephalus patients and 47 
complications. Mechanical complications occurred in 
33.33%, followed by infective complications (15.63%). 
Almazroea, A study 13 from Saudi Arabia retrospectively 
studied shunt complications in 65 pediatric patients. 
Obstruction was the most common cause 38.46% 
followed by infection 12.3%.

The high probability of failure among the younger 
age group has been reported by several studies and 
matches our findings, where we found that the most 
common age group requiring more than 2 revision 
surgeries was under 6 months old. Agarwal N et al9 and 
Tervonen J14 et al studies both reported that the majority 
of patients who had shunt failure were operated on in 
the first 2 years of life.

Ahmadvand S et al7 retrospectively studied 
30-day shunt failure rate in 82 patients 71% of 
whom belonged to the pediatrics age group with 121 
revisions. The following risk factors were studied: age, 
gender, household income, level of education, cause 
of hydrocephalus, causes of revision, type of failure, 
anatomic site, duration of operation, time of surgery, 
surgeons’ level of expertise, and Glasgow Coma Scale 
(GCS) score. Their univariate analysis reported that 
gender, age, anatomic site, GCS score, surgeons’ level of 
expertise, and cause of hydrocephalus were significant 
factors. they also reported proximal catheter to be the 
main type of shunt failure (70.0%). While our results 
reported the whole shunt system followed by the valve 
to be the main types of failure.

Venable GT et al15 reviewed 525 patients with 927 
shunt insertion or revision surgeries. They studied risk 
factors comparing preventable and non-preventable 
causes. The most common causes for both groups of 

shunt revision (n=202) were proximal catheter failure 
41.6%, followed by valve dysfunction 17.3%, and distal 
catheter malfunction 13.4%. We report different results 
where valve mechanical failure and infections were 
the most common indications for the first 3 revisions, 
followed by proximal catheter malfunction, accounting 
for 33% and 24%, and 18% respectively on the first 
revision.

The most common cause for initial shunt insertion in 
our study was congenital hydrocephalus in the age group 
of 0-12 months (38%). Our results are comparable to 
what was previously reported, where it was reported 
that congenital hydrocephalus was the most common 
cause with its rate ranging from 36.5%-47%.6,7

Our study was limited by its retrospective nature 
and the small sample size, as only patients with a VP 
shunt revision in our institution with complete detailed 
documentation in a single institute. We recommend a 
multi-center study with a larger sample size to confirm 
the current findings. 

In conclusion, higher rate of shunt failure was 
noted in pediatrics with younger age at initial VP shunt 
insertion (below 6 months). Valve mechanical failure 
followed by infections were the most common causes in 
the first 3 revisions. Revision of the entire shunt system 
was the most commonly performed procedure 38%. 
Our results were not consistent with the literature which 
showed revision of peritoneal (distal) part of the shunt 
as the most commonly performed procedure. A multi-
center study to increase the sample size and confirm the 
current findings in Saudi Arabia is recommended.
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