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Introduction

Hydrocephalus is a neurosurgical emergency that results 
from dysfunction of cerebrospinal fluid (CSF) flow, whether 
through increasing synthesis or decreasing flow with or without 
an absorption problem [1]. It can present acutely or in a chronic 
form, such as normal-pressure hydrocephalus [2]. Hydrocephalus 
has an incidence range of 79–124 per 100,000 births in high-
income and low-income countries [2,3]. Clinical presentation 
includes symptoms of increased intracerebral pressure from 
cerebrospinal fluid accumulation, such as nausea, vomiting, 
headache, and visual problems, followed later by sensory and 
motor loss; it will lead eventually to cardiac and respiratory 
failure from brain stem compression [4]. A plain brain CT is often 
utilized in diagnosing hydrocephalus, followed by MRI [5]. The 
treatment of hydrocephalus consists mainly of cerebrospinal fluid 
diversion, which has different modalities, including diversion of 
cerebrospinal fluid from ventricles to the peritoneal cavity, atrium, 
or pleura. The diversion device consists of a proximal ventricular 
catheter, a valve, and distal peritoneal catheters [6]. The first 
surgical treatment, performed by Hippocrates in the fifth century 
BC, involved insertion of a catheter into the lateral ventricle [7].  

 
The most commonly used modality for managing hydrocephalus 
is ventriculoperitoneal (VP) shunt insertion, which was initially 
described in 1908 and introduced to practice in 1967 with a 
silastic catheter and open laparotomy. It involved connecting 
a valve percutaneously with a distal catheter in the right upper 
abdominal quadrant [8].

However, shunt failure is reported with causes that include 
infection, obstruction, over-drainage, and distal catheter 
failure [9]. Shunt failure has been reported in up to 50% of 
patients, especially in those patients where hydrocephalus was 
associated with hemorrhage and congenital etiologies [10]. Risk 
of complications can be decreased by proper sterilization and 
timely antibiotic prophylaxis [11], limitation of operating room 
personnel, shorter operative time [12], and uniform technicality in 
procedures [13]. Shunt failure predisposes the patient to serious 
morbidity and possible mortality [14], so prompt detection of 
malfunction can be lifesaving. A diagnosis of shunt failure is 
initially studied by CSF examination [15,16] and neuroimaging 
[17]. However, to our knowledge, there is no tool available in the 
literature that measures different factors that may facilitate early 
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anticipation of failure. In this article, we study the different factors 
associated with shunt failure, with morbidity and mortality as a 
primary outcome. In addition, we propose a scoring system that 
may assist in prediction of the shunt procedure outcome and early 
detection of VP shunt failure.

Methods

This is a retrospective cohort study that included data from a 
10-year period (2010–20) from a tertiary center in Jeddah, Saudi 
Arabia. Participants were selected by convenience sampling, as 
inclusion criteria involved patients who underwent VP shunt 
insertion and the exclusion criteria involved patients who 
underwent unrelated abdominal surgeries. Data were collected 
from assessing patients’ medical records via an electronic system 
at King Abdulaziz University Hospital within a 10-year interval 
(January 2010–December 2020), including patients’ profile 
(age, sex, date of admission), diagnosis, mortality, CSF infection/
colonization, VP shunt date, duration of surgery, valve type, 
abdominal incision location, antibiotics, shunt revision date, and 
reason. The data were stored in a Microsoft Excel spreadsheet 
and were accessible only by authors within a 1-year period before 
disposal.

Shunt infection was defined according to Overturf’s criteria: 
shunt dysfunction with fever 38°C or higher, peritoneal symptoms, 
or purulent discharge along the shunt track and positive 
cultures from the ventricular catheter, shunt reservoir, and/or 
distal catheter; shunt-associated ventriculitis was indicated by 
ventricular CSF containing more than five leukocytes and with the 
same microorganism growing in the shunt device and CSF cultures 
[18]. Data were analyzed in SPSS version 20 (IBM SPSS Statistics 
for Windows, version 20.0, Armonk, NY). Both descriptive and 
inferential statistics were done. Pearson’s chi-square test, odds 
ratio (OR), and 95% confidence interval (CI) were calculated. All 
p-values < 0.5 were considered statistically significant. A scoring 
system determined mortality and morbidity factors related to VP 
shunt placement. Spearman’s correlation was used to investigate 
the relationship between variables. The scoring system was 
designed based on the significant OR and the correlation of 
the different variables. Risk factors scored a minimum of 0, a 
maximum of 3, and a total of 9. They were then categorized into 
low, medium, and high risk factors. The study followed the ethical 
standards of the Helsinki Declaration. Approval was granted 
by the Unit of Biomedical Ethics of King Abdulaziz University 
Hospital (KAUH; reference no. 5896321).

Results

A total of 404 patients were screened for a 10-year period 
(January 2010–December 2020) in a single academic center in 
Jeddah, Saudi Arabia. The data were collected from the hospital 
information system (HIS); 101 patients were excluded (35 had 
unrelated abdominal surgeries, and 66 had no VP shunt surgeries). 
A total of 303 patients were included in the study. The median age 
was 1 year, range 0–86 years, and 55.77% (n = 169) were female. 

There was 19.8% (n = 60) mortality in patients who underwent 
VP shunt surgery. Patients’ characteristics are listed in Table 1.

Table 1: Patient characteristics

Variable Total patients (N = 303)

Age, years mean = 12.8; median = 1; range = 
0–86

Gender, female, no. (%) 169 (55.7)

Patient mortality, no. (%) 60 (20)

Cause of VPS insertion, no. (%) communicating hydrocephalus, 187 
(62.3)

Etiology, no. (%)

MMCa 52 (17.1)

Meningitis 23 (7.6)

Aqueductal stenosis 18 (5.9%)

Preprocedural antibiotics, no. 
(%) Cefazolin, 130 (42.9)

Duration of surgery, min mean = 72.16 ± 40.86; median = 
65.5

Valve type, no. (%)

Medtronic (fixed pressure) 127 (76.97)

Strata (programmable) 38 (23)

Pressure of programmable 
valve, no. (%)

0.5 2 (7.4)

1 7 (25.9)

1.5 12 (44.44)

2 5 (18.5)

2.5 1 (1.7)

Abdominal site, no. (%)

RUQb 161 (58.54)

SUc 89 (32.36)

RLQd 6 (2.18)

LUQe 16 (5.8)

LLQf 3 (1.09)

Postprocedural antibiotics, no. 
(%)

Cefazolin, 145 (47.85); dose mean = 
17.68 ± 13.2; median = 14

Shunt revision patients, no. (5) 108 (35.64)

No. of shunt revisions mean = 1.86; median = 1; range=1–6

aMMC: myelomeningocele. bRUQ: right upper quadrant. cSU: supra-
umbilical. dRLQ: right lower quadrant. eLUQ: left upper quadrant. fLLQ: 
left lower quadrant.

Determinants of Shunt Revision

Shunt revision is affected by multiple factors. Most of the 
patients (64.35%; n = 195) did not have shunt revisions. Patients 
who underwent shunt revision had a mean number of revisions 
1.86, with a range 1–6. There was no correlation between 
shunt malfunction and either comorbidities (diabetes mellitus, 
hypertension, seizures, hypothyroid, cancer, metastasis) in the 
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adult age group or anomalies in the pediatric age group. It was 
found that 62.3% (n = 187) of patients had communicating 
hydrocephalus. The causes of shunt insertion are listed in Table 
2, followed by causes of shunt revision in Table 3. The most 
commonly used preoperative antibiotic was cefazolin in 130 
patients (42.9%), followed by no antibiotics in 90 patients (30%), 
not mentioned in 30 (10%), vancomycin in 15 (4.9%), cefuroxime 
in 14 (4.6%), ceftriaxone in 10 (3.3%), meropenem in 8 (2.6%), 
gentamycin in 6 (1.9%), cloxacillin in 5 (1.6%), ampicillin in 
4 (1.3%), cefotaxime in 2 (0.06%), clindamycin in 2 (0.06%), 
ceftazidime in 1 (0.03%), and cephalexin in 1 (0.03%).

Table 2: Diseases eventually leading to shunt insertion in descending 
order

Disease No.

MMCa 52

Meningitis 23

Aqueductal stenosis 18

IVHb 15

NPHc 14

Dandy walker cyst 12

Metastasis 9

Suprasellar tumor/ pituitary 9

Intraventricular tumor  (central neurocytoma) 7 (4)

Cyst 7

Astrocytoma 7

Encephalocele 6

Medulloblastoma 6

Posterior fossa 5

Pseudotumor cerebri 4

Pineal tumor 3

Subdural hematoma/hygroma 3

Acoustic neuroma 2

Brainstem glioma 2

Tuberculoma 2

Trauma 2

Abscess 2

Rubella 1

Occipital hematoma 1

ACAd aneurysm 1

Ependymoma 1

Epidermoid cyst 1

Pontine lesion 1

Meningioma 1

Granuloma 1

Hemangioblastoma 1

aMMC: myelomeningocele. bIVH: intraventricular hemorrhage. cNPH: 
normal pressure hydrocephalus. dACA: anterior cerebral artery.

Table 3: Causes for shunt revision in descending order.

Cause No.

Blocked proximal catheter 26

Infection 23

Disconnected proximal catheter 11

Subdural collection 6

Blocked valve 4

Pseudocyst 4

Blocked distal catheter 3

Calcification 3

Shortened proximal catheter 2

Exposed valve 2

Multiloculated hydrocephalus 1

Disconnected valve 1

Cut in distal catheter 1

Long distal 1

Disconnected distal 1

Shortened distal 1

Acute abdomen 1

Blocked shunt 1

Length in time of surgery was correlated with shunt revision. 
Higher numbers of revisions were associated with timings of 
more than 180 min, while a timing of 70–180 min had the lowest 
risk of revision (p = 0.04).

Number of shunt revisions was highest in the group aged 
younger than 3 years. Most of these patients had a standard 
medium pressure valve (76.97%; n = 127), followed by a 
programmable valve (23%; n = 38).

It was found that the most common location for peritoneal 
catheter insertion was the right upper quadrant, in 161 patients 
(58.54%), followed by midline incision in 89 patients (32.36%). 
Abdominal incision site location did not show a significant 
correlation with shunt revision (p = 0.5). The most common 
postprocedural antibiotic was cefazolin in 145 patients (47.85%), 
followed by vancomycin in 34 patients (11.22%), no antibiotics 
in 30 patients (10%), cefuroxime in 20 patients (6.6%), 
meropenem in 19 patients (6.3%), ceftriaxone in 18 patients 
(5.9%), gentamycin in 8 patients (2.6%), ampicillin in 7 patients 
(2.3%), and cloxacillin in 6 patients (1.9%); other antibiotics were 
administered in less than 1% of patients, including cloxacillin, 
ceftazidime, pyridoxine, isoniazide, cefotaxime, pipracillin 
tazosin, metronidazole, pyrazinamide, ciprofloxacin, clindamycin, 
fluconazole, doxycycline, amikacin, rifampin, and acyclovir. 
The mean number of postoperative doses was 17.68 ± 13.2. It 
was found that patients who received six doses of antibiotics 
postoperatively had the lowest risk of shunt revision. On the other 
hand, those who received three doses of antibiotics had a 1.6-fold 
increased risk of shunt revision (p = 0.052).
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Scoring System

The scoring system was determined by age, shunt type, 
preoperative antibiotics, infection, colonization, and cancer with 
Cronbach’s alpha 0.612 (p = 0.042), which is shown in Table 4. The 
scoring system was graded as low, medium, and high, with risk 
of mortality with specificity of 59.72% and sensitivity of 46.42%, 
with a low-risk score of 0–1, a medium-risk score of 2–3, and a 
high-risk score of ≥4. Low, medium, and high risk had 1-, 1.3-, and 
1.5-fold increased risk of mortality, respectively (Figures 1 & 2). 
The area under the curve was 0.61 (p = 0.007; CI 0.53–0.68).

Table 4: Suggested scoring system for shunt revision.

Score Minimum (detail) Maximum (detail)

Age 0 (>3 year) 1 (<3 year)

Shunt type 0 (programmable) 1 (fixed)

Preop Abx 0 (given) 1 (not given)

Infection 0 (no) 2 (yes)

Colonization 0 (no) 3 (yes)

Cancer 0 (no) 1 (yes)

Total 0 9

Figure 1: Shunt revision scoring system.

Figure 2: ROC of the scoring system.
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Discussion

In our article, we included 303 patients with an average age 
of 12 years. Shunt revision was 36% with a mean number of 1.86. 
The data are quite comparable to Indian and Turkish studies, 
where the range of patients 20%–23% underwent a shunt redo 
[18–20]. However, Reddy et al. [21] showed that pediatric-onset 
hydrocephalus had an incidence of 82.9% shunt failure that could 
be explained by prolonged follow-up of nearly 20 years. There 
was an 80% survival rate, which is the same in Ghritlaharey et al. 
[14,22], who included 40 pediatric patients and found a mortality 
post–shunt placement of nearly 20% and 4% in revision. As most 
of our patients were of pediatric age, there was no correlation with 
chronic disease. The most common cause of shunt insertion was 
communicating hydrocephalus. We found that the most commonly 
used antibiotic was cefazolin, followed by no antibiotics. The 
lack of preoperative antibiotic administration can be related 
to overlocking by the medical team or the administration’s lack 
of documentation. No studies indicated the type and dosage of 
antibiotics to use preoperatively, but most studies mentioned that 
the most common organism causing infection is Staphylococcus 
aureus at 82% and that the authors followed culture and 
sensitivity [14]. 

Administration of six doses of antibiotics was linked to a 
decreased infection rate in our study. The most common causes 
of revision are blockage or disconnection of the proximal catheter 
at 40%, which is also similar to previous studies, which found the 
most common cause to be shunt blockage and migration at 20%–
30% [18,23]. Various risk factors affect morbidity and mortality 
with a VP shunt. Researchers have found that interventricular 
hemorrhage, low birth weight, and infections were linked to 
decreased survival in neonates [24,25]; however, we found no 
studies that linked the mortality to children and adults. Several 
studies linked meningitis, use of steroids, previous cranial surgery, 
and brain tumors to shunt revision [19,23,26], whereas antibiotic 
impregnated catheter and frontal burr hole were protective 
factors [27].

The Scoring System

The studies available to predict the outcome of VP shunt in 
children are limited [28,29]. There is no available scoring system 
to predict mortality. The current study suggests using a scoring 
system that can predict and identify high-risk groups, allowing 
closer observation and, it is hoped, a reduction in mortality rate. 
The best setting for using this scoring system is upon discharge 
of the patient after insertion of the VP shunt, then in outpatient 
follow-up. Those who are not at low risk of mortality need to be 
more closely followed and seen more frequently than those in 
low-risk groups.
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