
CLINICAL ARTICLE
J Neurosurg 130:145–153, 2019

Ventriculoperitoneal (VP) shunt failure is a source 
of frustration and anxiety for patients, caregivers, 
and neurosurgeons alike. The reason for this dis-

satisfaction is clear: shunt insertion is a commonly per-
formed operation, and collectively neurosurgeons now 
have more than half a century of experience in performing 

shunt surgery, yet shunts remain as prone to failure now as 
they were decades ago.4,25

During this time, different catheters and valves have 
been introduced, but without high-level evidence of any 
particular device’s superiority.7,15 Similarly, there have 
been numerous studies examining the effects that surgical 
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OBJECTIVE The aim of this study was to provide a comprehensive benchmark of 30-day ventriculoperitoneal (VP) 
shunt failure rates for a single institution over a 5-year study period for both adult and pediatric patients, to compare this 
with the results in previously published literature, and to establish factors associated with shunt failure.
METHODS A retrospective database search was undertaken to identify all VP shunt operations performed in a single, 
regional neurosurgical unit during a 5-year period. Data were collected regarding patient age, sex, origin of hydrocepha-
lus, and whether the shunt was a primary or secondary shunt. Operative notes were used to ascertain the type of valve 
inserted, which components of the shunt were adjusted/replaced (in revision cases), level of seniority of the most senior 
surgeon who participated in the operation, and number of surgeons involved in the operation. Where appropriate and 
where available, postoperative imaging was assessed for grade of shunt placement, using a recognized grading system. 
Univariate and multivariate models were used to establish factors associated with early (30-day) shunt failure.
RESULTS Six hundred eighty-three VP shunt operations were performed, of which 321 were pediatric and 362 were 
adult. The median duration of postoperative follow-up for nonfailed shunts (excluding deaths) was 1263 days (range 525–
2226 days). The pediatric 30-day shunt failure rates in the authors’ institution were 8.8% for primary shunts and 23.4% 
for revisions. In adults, the 30-day shunt failure rates are 17.7% for primary shunts and 25.6% for revisions. In pediatric 
procedures, the number of surgeons involved in the operating theater was significantly associated with shunt failure rate. 
In adults, the origin of hydrocephalus was a statistically significant variable. Primary shunts lasted longer than revision 
shunts, irrespective of patient age.
CONCLUSIONS A benchmark of 30-day failures is presented and is consistent with current national databases and 
previously published data by other groups. The number of surgeons involved in shunt operations and the origin of the 
patient’s hydrocephalus should be described in future studies and should be controlled for in any prospective work. The 
choice of shunt valve was not a significant predictor of shunt failure. Most previous studies on shunts have concentrated 
on primary shunts, but the high rate of early shunt failure in revision cases (in both adults and children) is perhaps where 
future research efforts should be concentrated.
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adjuncts (including neuronavigation) have on shunt fail-
ure rates, but systematic review of these papers has again 
failed to establish high-level evidence to support their rou-
tine usage.9,10

If shunt survival rates are to be further investigated and 
hopefully improved upon, it is important to identify which 
episodes of shunt failure should be considered relatively 
avoidable and which should be viewed as relatively un-
avoidable, given the limitations of current shunt technol-
ogy. To this end, a group from our institution (Al-Tamimi 
et al.) proposed that a 30-day shunt failure rate represents 
a reasonable and valid barometer of surgical outcomes 
(and therefore of relatively avoidable shunt failures) and 
that this should be used as a separate outcome measure in 
future shunt trials.2

To validate the data produced in future trials (and in 
the Al-Tamimi et al. paper) it is important that sufficient 
background data be published with which others can com-
pare their results. In this study we present a single-center 
experience of all adult and pediatric VP shunts inserted 
over a 5-year period, including 30-day and 1-year failure 
rates, as well as examine our own data for any significant 
factors associated with shunt failure.

Methods
Study Population

A retrospective database search was undertaken to 
identify all VP shunt operations performed in a single, 
regional neurosurgical center over a 5-year period (Janu-
ary 1, 2010, to December 31, 2014). The date range was 
selected so as not to overlap with previously published 
multicenter data that included patients from our institu-
tion.2 To be able to draw direct comparison with previ-
ously published data, patients were classified as pediatric 
if they were less than 19 years old on the date of surgery.2 
Ventriculoatrial shunts, ventriculopleural shunts, lumbo-
peritoneal shunts, external ventricular drains (EVDs), and 
endoscopic third ventriculostomy were all excluded from 
the study.

There is no standardized operating protocol for shunt 
insertion at our institution, but all patients undergoing 
VP shunt surgery are given intravenous flucloxacillin 
and gentamicin prophylaxis at induction of anesthesia 
(teicoplanin if there is a penicillin allergy). It is routine to 
use Bactiseal (DePuy Synthes) proximal and distal cath-
eters for all VP shunts, to have the minimum number of 
people in the operating theater during a case, and for the 
theater doors to carry signs forbidding entry during the 
case.

Data Collection
Data were collected regarding patient age, sex, origin 

of hydrocephalus, and whether the shunt was a primary 
shunt (i.e., first-ever VP shunt; previous external ventricu-
lar drain, lumboperitoneal shunt or endoscopic third ven-
triculostomy allowed) or a secondary shunt (all subsequent 
shunt insertions or revisions after the primary shunt). In 
cases in which a shunt failed and a subsequent shunt was 
inserted during the study period, that subsequent shunt 
was entered as a new entity within our study. Operative 

notes were used to acquire data on the type of valve in-
serted, which components of the shunt were adjusted/re-
placed (revision cases), level of seniority of the most senior 
surgeon who participated in the operation, and number of 
surgeons involved in the operation (coded as single sur-
geon or multiple surgeons).

The diagnosis resulting in shunt insertion was catego-
rized as congenital malformation, arachnoid cyst, com-
municating hydrocephalus, dysraphism, vascular (second-
ary to hemorrhage), idiopathic intracranial hypertension 
(IIH), infection, mass lesion, normal pressure hydrocepha-
lus (NPH), or trauma.

All available electronic records (electronic operation 
notes database, electronic patient notes, electronic imag-
ing software, and the local microbiology and biochemis-
try results database) were searched for evidence of subse-
quent shunt failure and the reason for the failure, if known. 
Shunt failure was defined as “any event that culminated in 
an operation to revise the shunt.” In most cases, the reason 
for shunt failure was apparent in the operative note for the 
revision of said shunt.

Where there was no evidence to suggest shunt failure, it 
was assumed that the inserted shunt was still functioning 
at the time of the study, unless the patient had died. When 
interrogated for any information, our databases automati-
cally flag patients who have died, and the date and cause 
of death was noted for these patients also. For cases in 
which the valve inserted was documented, this informa-
tion was also noted.

An “intention to treat” attitude was used when consid-
ering infection in this study. Any shunt revised because 
of preoperative clinical suspicion of infection and result-
ing in the shunt being removed and an EVD inserted was 
classified as an infected case, even if no infection was 
ever proven. Examples of shunts coded as infected would 
therefore include not only those where pus was identified 
or where wounds had become erythematous, but would 
also include cases in which the patient was pyrexial or had 
abnormal inflammatory markers and in which a decision 
was made to operate because of a suspicion of shunt infec-
tion. For all cases of reoperation due to shunt infection, the 
microbiology database was checked for 5-day CSF culture 
results from shunt taps or subsequent intraoperative sam-
ples from EVD insertion. Where a causative organism was 
identified, cases were termed “confirmed infection,” and 
where cultures were negative, “suspected infection.” For 
the purposes of this study, both confirmed and suspected 
infected cases were still classified as shunt failures due to 
infection.

Finally, for each operation in which a ventricular cath-
eter was inserted or revised, postoperative imaging (where 
available) was assessed for grade of placement, using a 
recognized grading system (Table 1).10

Statistical Analysis
Statistical analysis was undertaken by an independent 

statistician (Statsconsultancy Ltd). As per the guidelines 
of The Leeds (East) Research Ethics Committee, ethical 
committee approval is not required for an evaluation of 
service such as this (the collation and analysis of patient 
data collected on a routine basis during normal clinical 
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care), on the understanding that the data are pooled and 
therefore nonidentifiable.

Results
Six hundred eighty-three VP shunt operations were 

identified, of which 321 were classified as pediatric (pa-
tients < 19 years old on the date of surgery) and 362 as 
adult. The median duration of postoperative follow-up for 
nonfailed shunts (excluding deaths) was 1263 days (range 
525–2226 days). Thirty-nine patients died during the study 
period (10 in the pediatric cohort, 29 in the adult). For each 
death, the cause of death was reviewed and each of these 
cases was judged by the authors not to be directly related 
to the shunt surgery or to shunt failure. Postoperative im-
aging was available such that ventricular catheter place-
ment grading was possible for 487 of the shunts inserted. 
Table 2 summarizes the baseline patient and procedural 
details for both the pediatric and adult cohorts.

There were 65 operations in the pediatric group for 
which either no valve type was listed or for whom no valve 
was inserted during the study period (i.e., they had a revi-
sion of a shunt in which the valve was not exchanged). 
The log-rank test was used to compare the overall time to 
failure between the different valves for the remaining 256 
procedures; however, consistent with previously published 
series, no significant differences were identified (Supple-
mentary Tables 1 and 2, Supplementary Fig. 1). Specifical-
ly, there was no advantage in shunt survival when gravita-
tional valves were used as compared with fixed-pressure 
valves. Of the 281 cases in the adult group for which in-
formation on the shunt valve inserted was available, 260 
(92.5%) were Codman fixed-pressure valves, making fur-
ther comparison futile.

The surgeon-documented causes of the shunt failure 
for revisions within 30 days were noted (Supplementary 
Table 3) and were found to be broadly consistent with that 
which has previously been published.

Pediatric Shunt Procedures
There were a total of 321 pediatric shunt procedures 

identified in the initial search, however, there were 4 pa-
tients who died of non–shunt-related failure within 30 
days of surgery and a further 4 patients who died of non–
shunt-related failure between 30 days and 1 year after 
surgery. These patients were therefore excluded from the 
relevant analyses, leaving 317 patients in the 30-day analy-
sis and 313 in the 1-year analysis. The mean age of the 
patients undergoing pediatric shunt surgery in this series 

was 4.2 years (similar to previously published series3), but 
the mean age for primary shunts was substantially lower 
(2.0 years) than for revisions (5.6 years). In 180 (56.1%) of 
the pediatric operations, the child was male. One hundred 
thirty four (41.7%) of our pediatric cases were performed 
for patients less than 2 years old.

The overall 30-day shunt failure rate for pediatric 
shunts was 17.7% (56/317; Table 3). When subdivided, the 
30-day shunt failure rate for primary shunts was 8.8% 
(11/125) compared with 23.4% (45/192) for revision opera-
tions (p = 0.001). The overall 1-year shunt failure rate was 
40.9% (128/313); 26.0% (32/123) for the primary cohort 
and 50.5% (96/190) for the revision group (p < 0.001).

The log-rank test was used to compare the overall time 
to failure between the two shunt types. The difference was 
found to be highly statistically significant (p < 0.001) and 
is represented in a Kaplan-Meier plot (Fig. 1).

TABLE 1. Grading of ventricular catheter placement

Catheter Placement Definition

Grade 1 Catheter tip floating in CSF equidistant from 
ventricular walls, away from choroid & a 
straight trajectory from the burr hole

Grade 2 Catheter tip touching ventricle wall or choroid
Grade 3 Part of catheter tip w/in parenchyma or failure 

to cannulate ventricle completely

From Hayhurst et al.10

TABLE 2. Baseline patient and surgical characteristics of the 
pediatric and adult groups

Variable
Pediatric Patients  

(n = 321)
Adult Patients  

(n = 362)

Mean age ± SD (yrs) 4.2 ± 5.2 47.3 ± 18.3
Sex
 Female 141 (43.9) 192 (53.0)
 Male 180 (56.1) 170 (47.0)
Origin of hydrocephalus
 Congenital malformation 71 (22.2) 31 (8.6)
 Arachnoid cyst 8 (2.5) 2 (0.6)
 Communicating 0 (0) 6 (1.7)
 Dysraphism 85 (26.6) 6 (1.7)
 Vascular 87 (27.2) 93 (25.8)
 IIH 4 (1.3) 18 (5.0)
 Infection 17 (5.3) 34 (9.4)
 Mass lesion 39 (12.2) 124 (34.3)
 NPH 0 (0) 32 (8.9)
 Trauma 9 (2.8) 15 (4.2)
Type of shunt
 Primary 126 (39.3) 187 (51.7)
 Secondary 195 (60.7) 175 (48.3)
Valve inserted*
 Codman fixed 56 (21.9) 260 (92.5)
 Programmable 8 (3.1) 8 (2.8)
 Medtronic fixed 68 (26.6) 1 (0.4)
 Miethke gravitational 111 (43.3) 9 (3.2)
 Integra OSV II flow regulated 13 (5.1) 3 (1.1)
Consultant involved
 No 161 (50.2) 301 (83.1)
 Yes 160 (49.8) 61 (16.9)
No. of surgeons
 Multiple 236 (73.5) 249 (68.8)
 Single 85 (26.5) 113 (31.2)

Data given as number of patients (%), except for age.
* Where applicable; no new valve inserted in some revision cases.
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Univariate analysis was undertaken to explore the as-
sociation between a number of patient/shunt characteris-
tics and 30-day shut failure; the results are summarized in 
Table 3. Three factors were identified as being associated 
with significantly increased odds of shunt failure: second-
ary shunts (as described previously), lack of consultant 
involvement in the operating theater, and single-surgeon 
operations. Consultant involvement was associated with a 
lower shunt failure rate in the pediatric group, with the 
risk of 30-day failure being 12.6% (20/159) in which con-
sultants were involved, as compared with 22.8% (36/158) 
in which procedures were performed without consultant 
involvement (odds ratio [OR] 0.49, 95% confidence inter-
val [CI] 0.27–0.89). When subdivided into primary (OR 
0.60, 95% CI 0.14–2.46) and secondary (OR 0.65, 95% CI 
0.31–1.36) procedures, the result ceased to achieve statisti-
cal significance.

Performing pediatric shunt surgery as a single surgeon 
was associated with a significantly higher failure rate at 
30 days when multiple surgeons were involved (14.1%, 
33/234), rising to 27.7% (23/83) if surgery was performed 
by a solo surgeon (OR 2.33, 95% CI 1.27–4.28). This ef-
fect was less pronounced for primary shunts (OR 1.59, 
95% CI 0.31–8.11) than it was for secondary shunts (OR 
6.03, 95% CI 2.83–12.87).

A backward selection procedure was performed to retain 
only the statistically significant variables in a final model. 
The results of this multivariate analysis suggested that, in 
fact, only type of shunt (primary/secondary) and number 
of surgeons involved (single/multiple) were independently 
associated with 30-day failure rates. The multivariate anal-
ysis found the odds of shunt failure for secondary proce-
dures are 2.75 times the odds of primary procedures (95% 
CI 1.35–5.65, p = 0.006) and that the odds of shunt fail-
ure for shunts inserted by a single surgeon are 1.87 times 

the odds for shunts inserted by multiple surgeons (95% CI 
1.00–3.49, p = 0.05). After adjusting for each of these fac-
tors, there was no additional significant effect of a consul-
tant being involved.

Adult Shunt Procedures
There were a total of 362 adult shunt procedures. Four 

patients died of non–shunt-related failure within 30 days 
of surgery and an additional 19 patients died of non–shunt-
related failure between 30 days and 1 year after surgery. 
These exclusions left 358 patients in the 30-day analysis 
and 339 in the 1-year analysis.

The overall 30-day shunt failure rate for adult shunts 
was 21.5% (77/358; Table 4). When subdivided, the 30-day 
shunt failure rate for primary shunts was 17.7% (33/186) 
and 25.6% (44/172) for revision operations, but this differ-
ence did not quite reach statistical significance (p = 0.07). 
The overall 1-year shunt failure rate was 34.8% (118/339): 
27.7% (48/173) in the primary cohort and 42.2% (70/166) 
in the revision group (p = 0.005). When the log-rank test 
was used to compare the overall time to failure between 
the two shunt types, the difference was found to be highly 
statistically significant (p = 0.002) and is represented in a 
Kaplan-Meier plot (Fig. 2).

Univariate analysis was undertaken to explore the as-
sociation between a number of patient/shunt characteris-
tics and 30-day shut failure; these results are summarized 
in Table 4. Only one factor (origin of hydrocephalus; p < 
0.001) was identified as being associated with significantly 
increased odds of 30-day shunt failure. Failure was low-
est in patients whose hydrocephalus was due to congeni-
tal malformation (5.1% failed within 30 days) and NPH 
(9.4% failed within 30 days). The highest failure rates 
were observed in patients whose shunts were inserted for 

FIG. 1. Kaplan-Meier survival curves for primary and secondary shunts in pediatric patients. Figure is available in color online only.
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hydrocephalus secondary to infection (44.1%). The results 
of the multivariate analysis confirmed that only origin of 
hydrocephalus was a statistically significant factor in 30-
day shunt failure.

Additional Analysis
During the study period, there were a total of 25 shunt 

revisions due to suspected or confirmed infection: 5 in 
the pediatric group and 20 in the adult group. Of these 25 
shunts, an organism was cultured in 72% (18/25) of cases 
and the most common organism identified was coagulase-
negative Staphylococcus (10 cases). The median interval 
from shunt insertion to revision in infected cases was 26 
days (range 0–942 days). At 30 days, the infection rates 

were 2.5% (8/317) in the pediatric and 1.4% (5/358) in the 
adult groups. These rates rose to 6.4% (20/313) in the pe-
diatric and 3.2% (11/339) in the adult groups at the 1-year 
mark.

Discussion
This study has demonstrated that the 30-day shunt fail-

ure rate for pediatric shunts inserted at our institution over 
a 5-year period was 8.8% for primary shunts and 23.4% 
for revision operations. These results are comparable to 
the rates that have been quoted for the United Kingdom 
and Ireland as a whole.2 For adult patients, the 30-day 
shunt failure rate was 17.7% for primary shunts and 25.6% 
for revisions.

There are numerous previously published papers that 
have focused on VP shunt failure and the causes there-
of, but few have quoted a 30-day failure rate, especially 

TABLE 3. Univariate analysis of factors associated with 30-day 
shunt failure (pediatric patients)

Variable
30-Day 

Failures (%) OR (95% CI)
p 

Value

Age 1.04 (0.98–1.09) 0.19
Sex 0.83
 Female 24/140 (17.1) 1
 Male 32/177 (18.1) 1.07 (0.60–1.91)
Origin of hydrocephalus* 0.28
 Congenital malformation 9/71 (12.7) 1
 Arachnoid cyst 1/8 (12.5) 0.98 (0.10–8.96)
 Dysraphism 23/85 (27.1) 2.56 (1.09–5.96)
 Vascular 15/87 (17.2) 1.43 (0.59–3.51)
 Infection 3/17 (17.6) 1.48 (0.35–6.17)
 Mass lesion 4/36 (11.1) 0.86 (0.25–3.01)
 Trauma 1/8 (12.5) 0.98 (0.11–8.96)
Type of shunt 0.001
 Primary 11/125 (8.8) 1
 Secondary 45/192 (23.4) 3.17 (1.57–6.41)
Consultant involved 0.02
 No 36/158 (22.8) 1
 Yes 20/159 (12.6) 0.49 (0.27–0.89)
No. of surgeons 0.006
 Multiple 33/234 (14.1) 1
 Single 23/83 (27.7) 2.33 (1.27–4.28)
Catheter placement 0.05
 Grade 1 4/47 (8.5) 1
 Grade 2 19/100 (19.0) 2.52 (0.86–7.83)
 Grade 3 16/60 (26.7) 3.91 (1.21–12.6)

For the categorical variables, the number and percentage of patients with a 
failure within 30 days are reported. Additionally, the effect size of each factor 
on the outcome is given in the form of ORs. These give the odds of a failure 
within 30 days in one situation relative to another. For the categorical vari-
ables, these represent the odds of failure in each category relative to the odds 
in a baseline category. For the 1 continuous variable (age), the OR represents 
the change in the odds of failure for a 1-year increase in age. Boldface type 
indicates statistical significance.
* Analysis of origin of hydrocephalus excluded 4 patients with IIH, who experi-
enced no failures. These patients were excluded due to mathematical problems 
calculating ORs.

TABLE 4. Univariate analysis of factors associated with 30-day 
shunt failure (adult patients)

Variable
30-Day 

Failures (%) OR (95% CI)
p  

Value

Age* 0.89 (0.78–1.03) 0.11
Sex 0.12
 Female 47/190 (24.7) 1
 Male 30/168 (17.9) 0.66 (0.40–1.11)
Origin of hydrocephalus† <0.001
 Congenital malforma-

tion
2/39 (5.1) 1

 Communicating 1/6 (16.7) 3.70 (0.8–48.6)
 Vascular 13/93 (14.0) 3.01 (0.64–14.0)
 IIH 5/18 (27.8) 7.11 (1.23–41.2)
 Infection 15/34 (44.1) 14.6 (3.02–70.6)
 Mass lesion 34/120 (28.3) 7.31 (0.25–3.01)
 NPH 3/32 (9.4) 1.91 (0.30–12.2)
 Trauma 4/15 (26.7) 6.73 (1.08–41.8)
Type of shunt 0.07
 Primary 33/186 (17.7) 1
 Secondary 44/172 (25.6) 1.60 (0.96–2.65)
Consultant involved 0.97
 No 64/298 (21.5) 1
 Yes 13/60 (21.7) 1.01 (0.52–1.98)
No. of surgeons 0.97
 Multiple 53/247 (21.5) 1
 Single 24/111 (21.6) 1.01 (0.59–1.74)
Catheter placement 0.27
 Grade 1 6/39 (15.4) 1
 Grade 2 35/166 (21.1) 1.47 (0.57–3.78)
 Grade 3 20/71 (28.2) 2.16 (0.78–5.93)

Boldface type indicates statistical significance.
* Odds ratio represented for a 10-year increase in age.
† Due to the small number of patients in the arachnoid cyst and dysraphism 
categories, these were included in the congenital malformation category for 
analysis.
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where the adult population is concerned. A summary of 
some of the data that is available for early shunt failure 
rates is displayed in Table 5, but it is difficult to draw di-
rect comparisons because several of the studies reported 
results for heterogeneous cohorts containing either pediat-
ric and adult patients or containing primary and revision 
shunt cases.

This study validates the previously described finding 
that the failure rates for revision shunts are worse than 
those for primary shunts, something that was true in both 
our pediatric and adult cohorts.2 Clearly, future studies ex-
amining shunt survival should divide patients in a similar 
fashion to allow for fair comparisons to be drawn.

Origin of Hydrocephalus
The underlying cause for hydrocephalus was shown to 

have a significant association with 30-day shunt failure 
rates in our adult population, but in the pediatric cohort 
the difference did not achieve statistical significance. That 
etiology is associated with outcome in VP shunt surgery 
is logical and has previously been described.14,27 Clearly, 
the reasons for origin of hydrocephalus affecting VP shunt 
revision rates will be multifactorial. While knowledge of 
etiology-related failure rates may aid clinicians in appro-
priate patient counseling, the primary cause of the hydro-
cephalus will always represent a nonmodifiable risk factor.

Number of Surgeons and Consultant Involvement
In addition to primary versus revision surgery, the 

results of the multivariate analysis suggest that only the 
number of surgeons performing the procedure is indepen-
dently associated with 30-day failure rates in pediatric 
shunt operations. Many shunt operations are performed 
acutely, during off hours, and surgery performed during 

off hours may have poorer outcomes, although this is-
sue remains contentious.1,8,19,27 Off-hours neurosurgical 
operations in our hospital are (in general) more likely to 
have been performed by the single neurosurgical trainee 
on-call. It would therefore be likely that there would have 
been a greater number of off-hours cases in the single sur-
geon group, however, data regarding time of surgery was 
not collected and therefore this hypothesis cannot be veri-
fied using the available data.

The insertion of a VP shunt system typically requires 
a minimum of two separate incisions/approaches (cranial 
and abdominal). If two surgeons are in the operating the-
ater together, it is natural for them to each perform one 
of these components of the operation simultaneously. The 
consequent reduction in operative time would potentially 
reduce the risk of infection.16,23 Furthermore, if surgeons 
have a good working relationship, they will operate in a 
collaborative fashion at potentially difficult stages in the 
procedure, such as holding retractors or clips during the 
abdominal approach, improving vision for the operator.

Direct pediatric neurosurgical consultant involvement 
in operations was also associated with a better outcome 
at 30 days in univariate analysis, but this was not prov-
en in the multivariate analysis. In adult shunt operations, 
consultant involvement in the procedure had no effect on 
outcome and, interestingly, neither did the number of sur-
geons.

An association between pediatric neurosurgical consul-
tant involvement and better shunt survival has been previ-
ously described, specifically for revision shunt procedures.2 
Furthermore, there is evidence to suggest that more experi-
enced surgeons have better 6-month shunt survival rates for 
primary shunts than do their less-experienced colleagues.6 
The question of consultant involvement remains debatable 
for any operation; it will always be argued that consultants 

FIG. 2. Kaplan-Meier survival curves for primary and secondary shunts in adult patients. Figure is available in color online only.
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would tend to be more actively involved in the management 
of more difficult cases and therefore their own success rates 
may be adversely affected by selection bias.

Choice of Valve
The Shunt Design Trial remains the best-known com-

parative study between valve types (standard differential 
pressure, Delta [PS Medical-Medtronic], and Sigma [NMT 
Cordis] valves). Both short- and long-term follow-up from 
this multicenter, randomized trial have failed to demon-
strate a significant difference between the valve types.7,12 
Another randomized trial found no difference in outcome 
between a simple, inexpensive Slit N Spring valve shunt 
and the Codman-Hakim Micro Precision valve, a device 
that costs more than 18 times more.29 It is perhaps not sur-
prising, therefore, that in our study there was no difference 
between valve types.

Shunt Catheter Position
Hayhurst et al. offer a simple, user-friendly grading 

system for assessing ventricular catheter placement, but 
it should be noted that their results did not achieve sta-
tistical significance.10 In our series, there was a trend that 
ventricular catheter position is associated with 30-day out-
come but the result did not achieve statistical significance 
in either age cohort.

Given the association between poor catheter placement 
and shunt failure, it would appear logical to presume that 
neuronavigation would improve catheter placement accu-
racy and thereby shunt failure rates, with poorly placed 
catheters being more susceptible to blockage than those 
that are free from parenchymal or ependymal contact. In 
fact, the use of navigation did not improve shunt failure 
rates in the Hayhurst et al. paper, nor in a more recent sys-
tematic review and meta-analysis.10,20

Thirteen of the 77 adult shunt failures were due to ab-
dominal catheter malposition (Supplementary Table 3). 
This would appear to represent a high rate for this particu-
lar complication and further investigation is warranted lo-
cally to ascertain the reasons for this finding. Body habitus 
might be a factor in distal complications. Our study did 
not collect data on patient body habitus specifically, but 
the body mass index (BMI) was calculated post hoc for 
these 13 cases. One patient had a normal BMI (20.9 kg/
m2), 2 were overweight (25–29.9 kg/m2), and the remain-
ing 10 cases were obese (≥ 30 kg/m2). While the BMI for 
the other patients in the series was not calculated, it is pos-
sible that body habitus does have a role in abdominal shunt 
failure rates.

Infection
In the pediatric population a 30-day infection rate has 

previously been quoted at 2.0%, which was lower than our 
own pediatric 30-day infection rate of 3.2% using our defi-
nition of shunt infection. At 1 year, the infection rates in 
the literature are more readily described but are also more 
variable. The finding that our 1-year pediatric infection 
rate (4.9%) is higher than our adult rate (3.2%) is consistent 
with that which has been previously described.12,18 Clearly 
the definition of infection is key to calculating infection 
rates and clear and consistent criteria should be used when 
declaring these in the literature. Previous authors have de-
scribed potential definitions for shunt infection.12,22,26

From the patient’s perspective, the morbidity (and in-
creased length of stay) comes from having the shunt re-
moved, an EVD inserted, and being exposed to a second 
operation, irrespective of the subsequent CSF results. We 
therefore suggest that a case should be classified as failure 
due to infection whenever a shunt is revised or removed 
based upon the suspicion of infection, irrespective of 
whether the CSF cultures are positive or not.

Numerous risk factors have been identified as associ-
ated with shunt infection.15,17 It has also been reported that 
the inception of specialist hydrocephalus networks and 
standardized operating protocols can be effective in reduc-
ing the incidence of VP shunt infection.12,13 There is also 
a current randomized controlled trial that is investigating 
the potential benefits of silver- and antibiotic-impregnated 
shunt tubing systems.11

Limitations of the Study
The 30-day results of 5 years of VP shunts are present-

ed to add to the available published data and to provide a 
benchmark for future studies. As with any retrospective 
nonrandomized series, our results are subject to bias and 
any differences between groups may be subject to various 
confounding factors, not least of which is case selection.

TABLE 5. Previously published series of shunt failure rates

Authors & Year

Shunt Failure Rates (%)
Primary Secondary

30-Day 1-Year 30-Day 1-Year

Current study
 Pediatric 8.8 26.0 23.4 50.5
 Adult 17.7 34.8 25.6 42.2
Al-Tamimi et al., 2014
 Pediatric 13.3 28.8 23.0 42.3
Piatt, 2014
 Pediatric 7.4 — 10.9–16.2* —
Park et al., 2015
 All ages  9.6†‡ — — —
Venable et al., 2016
 All ages — — 15.2§ —
Drake et al., 1998
 Pediatric 14¶ 39 — —
Kestle et al., 2000
 Pediatric 16¶ 34–42** — —
Khan et al., 2015
 Adult — 11 — —
Reddy et al., 2014
 All ages — 29 — —

* Secondary procedures subdivided by which shunt component was revised.
† Outcomes quoted for 1 month, rather than 30 days.
‡ Includes 27.7% revision cases.
§ Includes 23.3% primary insertions.
¶ Extracted 30-day failure rates.
** Thirty-four percent in nonendoscopic cohort, 42% in endoscopic cohort.
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Furthermore, for some categories such as IIH and NPH, 
our total number of patients is small, which prevented de-
tailed statistical analysis. It could be argued that these 
patients should be excluded or analyzed separately due to 
their unique problems (small ventricles in the former and 
difficulty ascertaining shunt failure in the latter).

The data collected were based on searching all avail-
able clinical databases and electronic records, but there 
remains the potential for operations that were incorrect-
ly coded and therefore may have been missed from the 
analysis. Certainly, the quality of coding with the National 
Health Service hospitals has previously been found to be 
suboptimal.5 There may also be patients in whom we in-
serted a shunt who subsequently experienced shunt failure 
at another hospital and therefore we did not capture said 
failure episode in our results.

In this study, we included all shunt operations occurring 
within our department to most accurately represent our 
performance. The decision that once a shunt had failed, 
the subsequent shunt was then added as a separate entity 
in the database means that while our series comprises 683 
shunt procedures, there will be some patients in this se-
ries who have contributed multiple shunt revisions to the 
failure rates. These “problem patients” could potentially 
skew the failure rates, but it was not felt representative to 
exclude cases after first failure.

In retrospect, it would have been useful to compare re-
sults for shunts performed within normal working hours 
and those performed overnight to see whether the out-
comes were affected, but these data were not part of our 
data collection tool.

Conclusions
In this paper, we present a single-institution’s 30-day 

shunt failure rates for all VP shunts inserted over a 5-year 
period. It is hoped that this will act as a benchmark with 
which future studies can be compared. If future publica-
tions were to include 30-day failure rates as an outcome, 
this would enable more appropriate direct comparisons to 
be drawn between them. This study confirms the previ-
ous finding that primary VP shunts have far better survival 
than do revision procedures. This high early failure rate 
in revision shunt surgery warrants more studies in both 
the adult and pediatric populations to determine which 
factors associated with failure may be avoidable. In ad-
dition, this study highlights specific risk factors for shunt 
failure for which future studies should control: the number 
of surgeons involved in the operating theater (for pediatric 
cases) and the origin of hydrocephalus (for adults).
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