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Abstract

Background Shunt insertion for hydrocephalus is a common paediatric neurosurgery procedure. Shunt complications are fre-
quent with an estimated 20-40% failure rate within the first year, and 4.5% per year subsequently. We have an open-door
‘possible shunt malfunction’ pathway for children treated with a shunt or endoscopic third ventriculostomy, providing direct
ward access to ensure rapid assessment and timely management of children.

Objective To audit the ‘possible shunt malfunction’ pathway in terms of clinical outcomes (percentage-confirmed shunt dys-
function and number of re-attendances) and costs.

Methods Clinical data for patients attending the triage service were prospectively recorded over 7 months—including the
number of attendances, previous shunt revisions, shunt type, investigations performed (CT, x-rays), and outcome. Costings
(e.g. costs of physician, inpatient stay, investigations) were obtained from the hospital’s procurement department.

Results In the study period, there were 81 attendances by 62 patients and only 16% of attendances resulted in surgical manage-
ment (either shunt revision or ETV). Approximately 17% of patients re-attended at least once. The average cost per attendance in
our pathway was £765.57 ($969.63; €858.73). The total expenditure for the pathway over 7 months was £62,011.03 ($78,540.07;
€69,556.81), with inpatient stay making up the biggest percentage of cost (49.2%).

Conclusion Only 16% (13 attendances) of those attending through our pathway required neurosurgical intervention.
Investigations for possible blocked shunt come at significant health, social, and financial cost. High rates of shunt failure, re-
attendance, investigations, and inpatient stays incur a sizable financial burden to the healthcare system.
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Introduction

Hydrocephalus remains the most common condition treated
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by paediatric neurosurgeons [4]. Annually, 1660 paediatric
shunt procedures are undertaken in the UK (33.5% primary
insertions, 66.5% revisions) [12]. Shunt complications are fre-
quent with an estimated 20-40% failure rate within the first
year, and a 4.5% failure rate subsequently [9]. We previously
reported a 30-day failure rate of 8.8% for primary shunts and
23.4% for shunt revision in children [2]. Investigation for
possible shunt malfunction is frequently required and compli-
cated by the fact that symptoms are commonly mimicked by
other paediatric ailments [7].

Our neurosurgical department offers an open-door ‘possi-
ble shunt malfunction” pathway for patients with possible
shunt failure (Fig. 1). This facilitates direct ward access with-
out needing additional referral, enabling rapid assessment and

Department of Neurosurgery, Leeds General Infirmary, Great ’ -
George Street, Leeds LS1 3EX, UK management. The pathway is also open to children after
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Fig. 1 The ‘possible shunt
malfunction’ pathway
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endoscopic third ventriculostomy (ETV) and those under sur-
veillance for hydrocephalus but in whom the threshold for
treatment has not been reached.

Previous studies [6-8, 10, 13, 17, 23, 24, 26, 29] describe
that, out of overall attendances with possible shunt malfunc-
tion, the actual proportion with true shunt dysfunction is low
(9.8-30%). A high rate of re-attendance has also been noted in
these studies [10, 26, 28, 29]. This results in financial burdens
on families and healthcare systems.

To our knowledge, there are no European studies evaluat-
ing this problem and there is a paucity of literature assessing
the associated costs. We therefore audited our ‘possible shunt
malfunction’ pathway for clinical outcomes and costs.

Methods
‘Possible shunt malfunction’ pathway (Fig. 1)

Access to this pathway is given to children with hydrocepha-
lus treated with a shunt or ETV or children requiring active
monitoring for possible hydrocephalus. In our region, we have
> 350 children aged 0—16 years with this access. Patients/
parents/carers have direct access to contact the ward for
same-day assessment without referral from other healthcare
providers. Patients are initially assessed by a hydrocephalus
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nurse specialist or neurosurgical trainee. Patients with a high
suspicion of shunt dysfunction and/or who are clinically un-
well, CT imaging is organized urgently (using a ‘low-dose’
protocol). In selected cases, following discussion with the on-
call consultant, additional shunt series x-rays or shunt tap may
be performed. If the clinical assessment or imaging is incon-
clusive, patients may be admitted for observation and/or intra-
cranial pressure (ICP) monitoring. If shunt dysfunction is ex-
cluded but symptoms continue, a review by a neurologist or
general paediatrician will be requested on an individual basis.

Data collection

Clinical data for pathway attendances were prospectively re-
corded from 1 December 2017 to 31 July 2018. During the
study period, 10 patients were referred from other routes (oth-
er hospitals, inpatient transfer, emergency department (ED),
community nurse specialists) and are not included in the path-
way. Data collected included the number of attendances, num-
ber of previous shunt revisions, type of shunt, investigations
performed during the admission, number of overnight stays,
and outcome. We grouped patients attending our pathway into
group A (ventriculo-atrial or ventriculo-peritoneal shunt) and
group B (no shunt; either active monitoring for hydrocephalus
or previous ETV). One or more of the following outcomes
was noted:
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* Reassured: patient discharged, no illness/shunt
dysfunction

*  Mild illness: illness not requiring inpatient treatment and
patient discharged (e.g. viral illnesses)

»  Seizures: not requiring admission and unrelated to shunt

* Inpatient treatment: of illnesses unrelated to shunt
function

*  Surgical intervention: shunt revision or ETV

*  Quipatient follow-up: No shunt dysfunction; but close fol-
low-up, within 2 weeks, by hydrocephalus nurse specialist
or neurosurgeon, in clinic or by phone call.

Costings were obtained from the hospital’s procurement
department. The breakdown available for each attendance
was:

* Cost of pathway assessment: each attendance charged as
one assessment episode at one tariff, irrespective of the
number of clinical reviews; with exception of
Ophthalmology which can be additionally charged.

»  Cost of investigations: CT scans, shunt series, other radi-
ology or laboratory tests

*  Qut-of-hours additional tariffs for radiology
investigations: a set fee covering this service

* Inpatient costs: for all admissions, irrespective of out-
come; a set fee for overnight stay in the ward, comprising:

*  Nursing staff

* Administrative staff

» Clinical supplies/services (e.g. pharmaceutical supplies,
equipment)

*  Other non-pay costs (e.g. gowns, laundry, cleaning)

Student’s ¢ test was used to compare continuous variables,
and a p value of < 0.05 was considered significant.

Results
Clinical outcomes (Fig. 2)

In total, there were 81 attendances by 62 patients. Fifty-
five patients had shunted hydrocephalus (group A) and
attended 72 times (88.9% attendances). Twelve atten-
dances (16.7%) resulted in shunt revision surgery for
shunt dysfunction. The ratio of overall attendance to
confirmed shunt dysfunction was 6.75:1. Two atten-
dances led to admission for intravenous antibiotics for
other infections—1 urinary tract infection and 1 mas-
toiditis. One patient was admitted for ICP monitoring,
which was unremarkable. Seven patients without shunts
also accessed the pathway (group B). They attended 9
times (11.1%). One attendance resulted in ETV. Overall,

16% of pathway attendances resulted in surgery. The
ratio of overall attendance to those requiring surgery
was 6.2:1.

CT brain scans were undertaken in 38/81 attendances
(group A 36/72, 50%; group B 2/9, 22.2%). The diagno-
sis of shunt dysfunction was confirmed by CT in nine
patients who went on to have surgery. Two patients had
CT scans on outpatient appointments which identified
shunt dysfunction, leading to surgery. Two patients un-
dergoing surgery had recent MRIs and hence did not
have pre-op CT scans. Shunt series x-rays were per-
formed in 9 attendances (12.5%) in group A, of which
2 were done in patients who had surgery. One shunt
series was done post-shunt revision to check the distal
catheter position. The other showed a disconnection.
Hence, 1 out of 9 shunt series changed management
and was potentially unnecessary investigation in the
others—this underlines the decision in our department
to move away from routine shunt series.

Re-attendances

Over the study period, 21.8% group A and 28.6% group B
attended more than once (Fig. 3). Almost 60% group A at-
tenders had at least one previous shunt revision (Table 1). The
average attendance number was slightly higher in patients
with previous revisions, compared with those with previous
shunt revisions (1.38 vs 1.22), but not statistically significant.
Patients with 2 previous revisions had the highest average
attendance number at 2.

Clinical outcomes were assessed for re-attenders in both
groups A and B (Table 2)—12 group A and 2 group B.

Costs incurred by ‘possible shunt malfunction’
pathway

Pathway cost figures were sourced from the procurement de-
partment (Table 3). We calculated the costs incurred in total
and subdivided by group (Table 4).

The total expenditure in the ‘possible shunt malfunc-
tion’ pathway in the study period was £62,011.03
($78,540.07; €69,556.81). The largest expenditure was
on inpatient stay (49.2%), followed by triage assessment
(27%), then investigation costs (23.7%). Group A in-
curred a total cost of £54,960.03 ($69,609.63;
€61,647.81), averaging £763.33 ($966.80; €856.22) per
attendance. Group B incurred a total cost of £7051
($9123.96; €8053.47), averaging £783.44 ($1013.77;
€894.83) per attendance.

Unsurprisingly, > 30% overall pathway cost was incurred
by the 16% who required surgery. The 13 patients who re-
quired surgery incurred a total cost of £18,921.91
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‘Possible Shunt Malfunction’ pathway
81 attendances

62 patients

[
v v

Group A (ventricular shunt in situ) Group B (ETV / monitoring)

72 attendances (88.9%) 9 attendances (11.1%)

55 patients 7 patients

T ]
Ventriculoperitoneal (VP) Ventriculoatrial (VA) Previous ETV
shunts shunts

Hydrocephalus

monitorin
6 4 attendances

69 attendances 3 attendances

5 attendances

4 patients
53 patients 2 patients 3 patients
v v
Outcome of attendances: Outcome of attendances: Outcome of attendances: Outcome of
attendances:

27 Reassured (39.1%) 2 Reassured (66.7%) 2 Reassured (40%)

1 Reassured (25%)

17 Mild illness (24.6%) 1 Shunt revision (33.3%) 1 Seizure (20%)

1 Mild illness (25%)

11 Shunt revision (15.9%) 1 Outpatient follow up (20%)

2 Outpatient follow up

2 Inpatient treatment (2.9%) (50%)

1 ETV (20%)

7 Outpatient follow up (10.1%)

5 Seizures (7.2%)

Summary of overall clinical outcome:

32 Reassured (39.5%)
18 Mild illness (22.2%)

13 Surgical intervention (16%)

2 Inpatient treatment (2.5%)

10 Outpatient follow up (12.3%)
6 Seizures (7.4%)
Actual shunt dysfunction / surgical management required: 13 (16%)

Non-shunt related / no surgical management required: 68 (84%)

Fig. 2 Clinical outcomes

Table 1 Effect of previous revisions on attendance rate

Group A

Previous revisions
Yes (n =32;58.2%)
No (n=23;41.8%)
Previous revision number

Number of attendances (mean (95% CI*))
1.38 (0.28)
1.22 (0.21)
Average number of attendances (95% CI*)

1 1.18 (0.19)
2 2.00 (0.92)
>3 1.13 (0.23)

p =043

*95% confidence interval
**Student ¢ test; p < 0.05 considered significant
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Fig. 3 Number of attendances for
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($23,965.55; €21,224.41), representing 30.5% of total path-
way expenditure.

Outcome associated with referral source

The outcome in relation to referral source was assessed
(Table 5). Most patients self-referred (92.6% attendances)
with others referred from outpatient clinic (6.2%). One child
re-attended for a ‘planned’ review following an abnormal
shunt tap and required shunt revision. Only 14.7% of self-
referrals needed surgery compared with 20% from outpatient
referral. Cost per attendance was the highest for the planned
review (£1648; $2150; €1941) due to the number of investi-
gations undertaken and 2 overnight stays.

Table 2 Clinical outcomes for re-attendances in groups A and B

Number of attendances

——

48 43

Group A Group B

H] W2 m3 m5 21

Discussion
Clinical outcomes

Out of all attendances through our pathway, only a
small proportion requires surgical management. This is
consistent with other studies recognizing the ‘low yield’
of a paediatric shunt malfunction pathway (Tables 6 and
7[5, 7, 8, 10, 14, 17, 23, 24, 26, 29]. Chern et al. [7]
implemented a triage protocol (algorithm classifying ur-
gency of patient’s symptoms triggering early assess-
ment/scans) in their ED for assessing shunt malfunction.
They found that the shunt malfunction diagnosis rate
pre-protocol was 17%, rising to 28% post-protocol.
Cohen et al. [8] found that 17.5% of children with CT

ID number  Ist attendance 2nd attendance

3rd attendance

4th attendance  5th attendance

Group A re-attendance outcomes (12 re-attendances)

3 Surgical shunt revision Reassured Reassured Reassured Inpatient treatment (mastoiditis)
6 Outpatient follow-up Minor illness Inpatient treatment (UTI) - -
48 Surgical shunt revision Outpatient follow-up ~ Reassured - -
Minor illness Reassured - - -
8 Reassured Reassured - - -
16 Mild illness Reassured - - -
27 Reassured Outpatient follow-up - - -
39 Reassured Reassured - - -
40 Seizures Seizures - - -
41 Reassured Outpatient follow-up - - -
54 Reassured Reassured - - -
59 Surgical shunt revision Reassured - - -

Group B re-attendance outcomes (2 re-attendances)
31 Surgical management (ETV)  Reassured

57 Reassured Outpatient follow-up -
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Table 3  Costs obtained from the procurement department

Cost breakdown

£ USD €
Triage assessment
Nurse/physician fee £197.91 $257.28 €230.95
Subsequent ophthalmology review £60 $78 €70.02
Investigations: radiology
CT head £80.45 $104.58  €93.88
Shunt series £40.91 $53.18 €47.74
USS abdomen/pelvis £98.50 $128.05 €114.94
Out-of-hours additional tariff for radiological examinations (normal hours are Monday to Friday 9 am—5 pm) £394.96 $513.43 €460.89
Investigations: laboratory
Bloods (FBC, U&E, CRP) £50.14 $65.18 €58.51
Urine culture £9.40 $12.22 €10.97
CSF culture £50.16 $65.21 €58.53
Inpatient stay per night, consisting: £407 $529.09 €474.94
Nursing staff £337 $438.09  €393.26
Administrative staff £8 $10.40 €9.34
Clinical supplies and services £50 $65 €58.35
Other non-pay £12 $15.60 €14

scans had shunt dysfunction requiring surgical manage-
ment. Mater et al. [17] reported that 30% of children
who had a shunt series with/without CT scan had shunt
dysfunction. Razmara et al. [24] studied a cohort of
74,552 ED attendances, reporting 12.8% shunt
malfunction.

The assessment of children with possible shunt malfunc-
tion remains a diagnostic challenge since symptoms such as
headache or vomiting also occur with common childhood ill-
nesses [10]. The variability of symptoms also means that clear
guidelines to rule out shunt malfunction are challenging [6,
13, 15, 24].

Re-attendance rates

Like other studies [10, 17, 26, 29], we found a high re-
attendance rate with almost 17% returning at least once
(Table 6). Sribnick et al. [29] reported almost 20% of patients
sent home re-presented within the next month. The reasons for
this could include the non-specific nature of ongoing symp-
toms, other comorbidities, and parental anxiety. Having prior
shunt revisions is associated with a higher shunt failure rate
and may translate into increased anxiety and high re-
attendance rates. Our study did not show statistically signifi-
cant higher rates of attendance in children with previous revi-
sions. However, this is in the context of a small study cohort.

Two patients with possible shunt malfunctions were kept
under observation after their first pathway attendance and
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were seen on a number of occasions by a hydrocephalus nurse
and consultant before being revised. Both had outpatient in-
vestigations and eventually had their shunt revised 4 weeks
later. The first patient presented with increased head circum-
ference but otherwise well, and the second patient initially
presented with irritability and a family history of gastroenter-
itis. Their eventual surgery confirmed blocked proximal cath-
eters (for both patients). These two cases demonstrate possible
diagnostic delays despite the open-door policy. However, this
probably reflects the complex nature of hydrocephalus man-
agement and it was possible to closely monitor both patients
through this pathway. In these two instances, we only includ-
ed costs incurred during their index pathway attendance and
listed their outcome as a shunt malfunction. In addition to the
pathway’s usefulness for rapid access and close follow-up,
patients and carers have provided feedback that they value
the sense of security this direct access offers.

Investigations

We found a high rate of investigations undertaken in our path-
way. Shunted patients attending for assessment had an aver-
age of 1 CT scan for every 2 attendances. This is similar to
Florin et al. [10], where children with shunts received a head
CT in almost 50% ED attendances. Shunt series x-rays were
less frequently used in our department due to the low diagnos-
tic yield (only 1/9 shunt series altered management). Overall,
60/81 (74.1%) attendances had at least one investigation
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Table 4 Breakdown of costs in group A, group B, and whole ‘possible shunt malfunction’ pathway

Costs for group A
Triage assessment
Nurse/physician fee
Subsequent ophthalmology review
Investigations: radiology
CT head
Shunt series
USS abdomen/pelvis
Out-of-hours additional tariff for radiological examinations
Investigations: laboratory
Bloods (FBC, U&E, CRP)
Blood culture
Urine culture
CSF culture
Inpatient stay
Number of days in total
Total cost of inpatient stay
Total cost (group A)
Average cost per attendance
Costs for group B
Triage assessment
Nurse/physician fee
Subsequent ophthalmology review
Investigations: radiology
CT head
Shunt series
USS abdomen/pelvis
Out-of-hours additional tariff for radiological examinations
Investigations: laboratory
Bloods (FBC, U&E, CRP)
Blood culture
Urine culture
CSF culture
Inpatient stay
Number of days in total
Total cost of inpatient stay
Total cost (group B)
Average cost per attendance
Costs of whole ‘possible shunt malfunction’ pathway
Triage assessment
Investigation costs
Total number of inpatient days
Inpatient stay costs
Total costs
Average cost per attendance

Cost evaluated by outcome
Shunt malfunction/surgical intervention

Non-shunt-related/no surgical intervention needed

£

£14,447.43
£420

£2896.20
£368.19
£394.00
£7899.20

£1403.92
£18.81
£65.80
£591.48

65 days
£26,455
£54,960.03
£763.33

£1781.19
£120

£160.90
N/A
£197
£394.96

£300.84
N/A
£9.40
£16.71

10 days
£4070
£7051
£783.44

£16,768.62
£14,717.41
75 days
£30,525
£62,011.03
£765.57

£

£18,921.91
£43,089.12

USD

$18,298.39
$531.95

$3668.18
$466.33
$499.02
$10,004.73

$1778.13
$23.82
$83.34
$749.14

$33,506.58
$69,609.63
$966.80

$2327.23
$157.67

$209.16
N/A

$256.09
$513.43

$329.39
N/A
$12.22
$21.62

$5290.86
$9123.96
$1,013.77

$21,238.30
$18,640.34

$38,661.44
$78,540.07
$969.63
UsD

$23,965.55
$54,574.52

€16,205.46
€471.11

€3248.62
€412.99
€441.94
€8860.41

€1574.76
€21.10
€73.81
€663.45

€29,674.16
€61,647.81
€856.22

€2050.56
€137.57

€184.46
N/A

€229.89
€460.89

€346.34
N/A
€10.97
€19.09

€4749.41
€8053.47
€894.83

€18,809.10
€16,508.29

€34,239.42
€69,556.81
€858.73

€

€21,224.41
€48,332.39

% group cost

27.1
26.3
0.8
21.1
53
0.7
0.7
14.4
3.8
2.6
0.03
0.1
1.1

48.1

27.0
25.3
1.7
10.7
2.3
N/A
2.8
5.6
4.6
43
N/A
0.1
0.2

57.7

27.0
23.7

49.2

% total costs

30.5
69.5

@ Springer



506 Childs Nerv Syst (2021) 37:499-509
Table 5 Referral mode, outcomes, and costs
Mode of Number Outcome Cost
referral (%)
ETV/shunt Investigation but no Treatment for Total cost Cost per
insertion/ surgical something attendance
revision (%) treatment (%) else (%)
Self-referred 75 (92.6) 11 (14.7) 56 (74.7) 8(9.9) £55,399 ($70,166; £739 ($936; €829)
€62,140)
Outpatient 5(6.2) 1 (20) 4 (80) - £4766 ($6036; €5346) £953 ($1207;
clinic €1069)
Planned 1(1.2) 1 (100) - - - £1648 ($2087;
review €1849)

(radiological or laboratory). This highlights the diagnostic un-
certainty around shunt malfunctions and a high reliance on
additional investigations, especially head CT scans.

There is a growing concern regarding radiation exposure
for children with ventricular shunts [3, 8, 10, 28]. Florin et al.
[10] undertook a 10-year longitudinal study of children with
ventricular shunts, finding that 5.8% had 10 or more head CT
scans. Cohen et al. [8] found a median of 2.6 CT scans per
person per year in their ED pathway. Antonucci et al. [3]
reported that children with ventricular shunts underwent a
median of 8.5 CTs, 3 shunt series x-rays, 1 skull x-ray, and
1 brain MRI in the 10 years following shunt placement. This
translates to a potentially significant radiation dosage over the
child’s lifetime.

Recent literature has suggested that ionizing radiation from
imaging studies may influence the development of future ma-
lignancies [28]. Children are felt to be particularly vulnerable
due to the increased dose volume and increased lifetime risk
from early exposure [28]. Determining the total lifetime dose
of radiation is challenging [10, 28], but it has been estimated
that the future malignancy risk for a child from a CT head scan
is 24% higher than for non-exposed children [18]. Another
study estimated that the risk of brain tumour development
following a CT head scan in a child aged 10 years or younger
is approximately 1:10,000 in the first 2 decades following the
CT [22].

Even considering the above risks, brain imaging is still
required for many children attending shunt malfunction

Table 6 Literature review on actual shunt malfunction vs possible shunt malfunction

Year Country Length of the

study period

Total attendances for
possible shunt malfunction

% patients with proven
shunt malfunction

When surgical
intervention was done

Chernetal. 2010
[7]

Florinetal. 2015
[10]

Razmara 2019
et al. [24]

Pitettietal. 2007
[23]

Cohen etal. 2014
[8]

Boyleetal. 2018
[6]

Sribnick 2015
et al. [29]

Kim et al. 2006
[13]

Mater etal. 2008
[17]

Sarda et al. 2016
[26]

USA

USA

USA

USA

USA

USA

USA

USA

Canada

USA

June—Sept 2006
June—Sept 2008

4 months
2003-201310 years

2006-201510 years
200020045 years

Sept 2008 to June 2009;
10 months

2010-20134 years
2010-20134 years

1998-20025 years
2001-20022 years

201020134 years

Pre-protocol: 132
Protocol: 113

6,636

74,552

461

Subpopulation of patients with CT

scans only; 223
755

1,943

352

Subpopulation of patients
who had a shunt series; 437
1,943

Pre-protocol: 17%

Protocol: 28%
9.80%

12.8

15.4

17.5% of patients who had
CT scans

19%

24%

24.40%

30% of patients who had
shunt series +/- CT scan
22.30%

Not recorded

Within 7 days of ED
attendance

Not recorded
Not recorded

Within 30 days of ED
attendance

Within 72 h of ED
evaluation

Within 30 days of ED
attendance

Not recorded
Not recorded

Not recorded
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Table 7  Literature review on re-attendance rates
Year Country Length of  Number of patients Re-attendance rate When patient
the study included re-attended
period
Florin et al. 2015 USA 2003-2013 6636 Median of 2 ED visits per patient over Not recorded
[10] 10 years 10 years
39.5% had 4 or more ED visits in
10 years.
Sribnick 2015 USA 20102013 1943 Home: 19% Within 30 days of index

et al. 4 years
[29]
Mater et al. 2008 Canada 2001-2002 Subpopulation of patients who
[17] 2 years had a shunt series; 437
Sardaetal. 2016 USA 2010-2013 1509

[26] 4 years

Admitted for observation: 18.7%

Admitted to other hospital services: 19.6%

33.6% of this subpopulation re-attended
more than once over 2 years

Home: 8.6%

Admitted for observation: 6%

Admitted to other services: 6.5%

ED attendance
Not recorded

Within 7 days of index
ED attendance

pathways, due to the serious consequences of misdiagnosis
and the lack of current alternatives. However, we can work
to reduce the amount of radiation received by children through
pathway developments and innovations.

One opinion could be the development of better guide-
lines as to when to arrange a scan or whether to consider
observation instead. This comes with the benefit of fewer
CT scans but potentially increases cost through increasing
admission rates. Limited-protocol CT with reduced slice
number is another strategy reported [1, 20]. Park et al.
[20] report a limited 4-slice CT protocol, resulting in
87% radiation dose reduction. Alhilali et al. [1] describe
a 3-slice CT protocol with a 90% dose reduction and
adequate diagnostic accuracy. However, this has only
been evaluated in theoretical and feasibility studies. An
alternative strategy would be to reduce radiation dose
per scan with a ‘low-dose’ protocol.

Rapid sequence magnetic resonance imaging (MRI) is re-
ported by some centres as an alternative to CT [3, 5, 8, 10, 14,
19, 28]. This has been reported as non-inferior to CT for de-
tecting shunt malfunction [5, 14]. The benefits include a lack
of ionizing radiation, high-resolution ventricular system im-
aging, and reduced sedation requirement due high-speed se-
quence acquisition [3, 28]. However, disadvantages include
difficulty visualizing catheter position with small ventricles
[19, 28], higher costs [3, 19], and patients with programmable
shunts will usually require shunt reprogramming after MRI
[19].

Another important strategy is to reduce the use of shunt
series x-rays. In general, these are insensitive as a primary
assessment for possible shunt malfunction [11, 16, 17, 23],
although targeted use may be helpful [23]. We previously did
aformal audit of shunt series x-rays in children (and adults) at
our institution [25] which demonstrated that they typically
did not alter management decisions. This finding is in line
with other publications [11, 16, 17, 23]. We have since

moved away from routine pre-operative shunt series and in-
stead use targeted single body-region x-rays where
indicated.

Costs

Through this study, we found sustained high expenditure
through the ‘possible shunt malfunction’ pathway, mainly
due to re-attendances, the number of investigations, and num-
ber of inpatient bed days. The average cost of each attendance
was £765.57 ($969.63; €858.73). However, there are addi-
tional costs not quantified here, including psychological
stresses for parents and children from hospital appointments
and financial burdens of time out of work, costs of transport,
and costs associated with care of siblings [27].

Some financial data regarding shunt malfunction and revi-
sion is available from North America. However, this does not
include acute triage services or EDs. In 2000, Padwardhan
et al. [21] examined the US Nationwide Inpatient Sample
database (representing 20% community hospitals, including
paediatric and public hospitals). They found a total of 5574
shunt-related admissions, where the 2 most common proce-
dures performed were ventriculo-peritoneal shunt placement
(43.4%) and ventricular shunt replacement (42.8%). The av-
erage cost per admission was $35,816 (£27,506; €32,185).

The availability of implantable telemetric ICP monitoring
devices may have a role to play in stream-lining the investi-
gation and management of this cohort of patients—although
to impact significantly, this will depend on systems being
developed which are affordable and which remain accurate
for years rather than months.

Limitations of this study include the short study period of 7
months, resulting in small cohort numbers and may not iden-
tify seasonal variability. There were also difficulties obtaining
accurate costing of the pathway, given the complexity of NHS
cost calculations. Some costings were generalized, rather than
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patient-specific, and the breakdown was limited. There may
also be some inaccuracy because, in line with NHS cost rules,
only one nurse/physician cost was included for each atten-
dance even though a patient may have been reviewed several
times.

We believe that this is the first study assessing both clinical
outcomes and costs of a UK-based acute assessment pathway
for shunt malfunction. Despite the limitations above, we feel
that it provides valuable insight into pathway costs and repre-
sents a starting point for further studies.

Conclusion

Shunt failure is a neurosurgical emergency which necessitates
timely diagnosis and treatment. Like us, many institutions
have an open-door pathway for hydrocephalus patients. In this
study, only a minority of attendees actually had shunt dys-
function requiring surgical intervention (16%). The remainder
(84%) still underwent investigations to exclude shunt dys-
function, but this comes at significant health, social, and fi-
nancial costs. The average cost of each attendance was
£765.57 ($969.63; €858.73), with a significant proportion
(49.2%) spent on inpatient stay. However, it is necessary to
accept the ‘low yield’ to encourage early detection of true
shunt malfunctions. Nonetheless, more research is warranted
into methods to streamline investigations, to prevent unneces-
sary radiation and increase cost-effectiveness. Implantable
telemetric ICP devices may play a role in the future but this
will require a significant improvement in implant ‘survival’.
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