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Abstract

Clinical effectiveness and cost-effectiveness of tests for the
diagnosis and investigation of urinary tract infection in children:
a systematic review and economic model

P Whiting,I M Westwood,z* L Bojke,3 S Palmer,’ G Richardson,3j Cooper,4
| Watt,” | Glanville,> M Sculpher® and ] Kleijnen?
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3 Centre for Health Economics, University of York, UK
* Radiology Department, York Hospital, UK
5 Department of Health Sciences, University of York, UK

* Corresponding author

Objectives: To determine the diagnostic accuracy of
tests for detecting urinary tract infection (UTI) in
children under 5 years of age and to evaluate the
effectiveness of tests used to investigate further
children with confirmed UT]I. Also, to evaluate the
effectiveness of following up children with UTI and

the cost-effectiveness of diagnostic and imaging tests
for the diagnosis and follow-up of UTI in children
under 5. An additional objective was to develop a
preliminary diagnostic algorithm for healthcare
professionals.

Data sources: Electronic databases were searched up
to the end of 2002/early 2003. Consultation with
experts in the field.

Review methods: A systematic review was
undertaken using published guidelines and results were
analysed according to test grouping: diagnosis of UT]
and further investigation of UTI. The cost-effectiveness
results from existing evaluations were synthesised. A
separate cost-effectiveness model was developed using
the best available evidence, in part derived from the
results of the systematic review, to illustrate the
potential cost-effectiveness of some alternative
management strategies in a UK setting. The results of
the systematic review were used to propose diagnostic
algorithms for the diagnosis and further investigation
of UTl in children. Economic analyses did not
contribute directly to the development of these
algorithms.

Results: The studies included in the review provided
very little data on the accuracy of clinical investigations
for the diagnosis of UTI, and criteria for clinical
suspicion of UTI were not further defined. The
majority of studies included in the review found that

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

clean voided midstream urine (CVU) samples had
similar accuracy to suprapubic aspiration (SPA) samples
when cultured with the advantage of being a non-
invasive collection method that can be used in the GP’s
surgery. Pad, nappy or bag specimens may be
appropriate methods for obtaining a urine sample in
non-toilet-trained children, although only limited data
were available. Although the glucose test was reported
to have the highest accuracy in terms of both ruling in
and ruling out disease, only a limited number of studies
of this test were included and these were conducted
over 30 years ago. Dipstick tests are easy to perform in
the GP’s surgery, give an immediate result and are
relatively cheap. The results of the systematic review
showed that a dipstick for leucocyte esterase (LE) and
nitrite, where both test results are interpreted in
combination, was a good test both for ruling in (both
positive) and ruling out (both negative) a UTI. A
dipstick positive for either LE or nitrite and negative for
the other provides inconclusive diagnostic information
and further testing is therefore required in these
patients. Microscopy is more time consuming and
expensive to perform than a dipstick test, but
potentially quicker and cheaper than culture. As with
dipstick tests, a combination of microscopy for pyuria
and bacteriuria can be used accurately to rule in and
rule out a UTI. An indeterminate test result is again
obtained if microscopy is positive for either pyuria or
bacteriuria, and negative for the other. Confirmatory
culture is required in these patients. In patients
considered to have a UTI, further culture to determine
antibiotic sensitivities may be an option to inform
treatment decisions. Only one study satisfied the
inclusion criteria of the economic review and the
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review highlighted a number of potential limitations of
this study for NHS decision-making. A separate
decision-analytic model was therefore developed to
provide a more reliable estimate of the optimal strategy
regarding the diagnosis and further investigation of
children under 5 with suspected UTI from the
perspective of the NHS. The economic model found
that the optimal diagnostic strategy for children
presenting with symptoms suggestive of UT| depends
on a number of key factors. These included the relevant
subgroup of children concerned, in terms of gender and

age, and the health service’s maximum willingness to
pay for an additional quality-adjusted life-year.
Conclusions: The results of the systematic review
were used to derive an algorithm for the diagnosis of
UTI in children under 5. This algorithm represents the
conclusions of the review in terms of effective practice.
There were insufficient data to propose an algorithm
for the further investigation of UTI in children under 5.
The quality assessment highlighted several areas that
could be improved upon in future diagnostic accuracy
studies.
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Glossary and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the
literature, but the term has a constant meaning throughout this review.

Glossary
This section summarises the measures of likelihood ratio of a negative test result usually
diagnostic test performance used in the review, lies between 0 and 1.
and how these are calculated. LR+ = {a/(a + ¢)}/{b/(b + d)}
= Sensitivity/(1 — Specificity)
UTI LR - = {c/(a + ¢)}/Ad/(b + d)}
Present Absent = (1 - Sensitivity)/Specificity
Test resule i- : : Diagnostic odds ratio (DOR) Used as an
overall (single indicator) measure of the
diagnostic accuracy of a diagnostic test. It is
True positives (TP) Correct positive test calculated as the odds of positivity among
result: @ = number of diseased persons with a diseased persons, divided by the odds of
positive test result. positivity among non-diseased persons. When a
test provides no diagnostic evidence then the
True negatives (TN) Correct negative test DOR is 1.0.
result: d = number of non-diseased persons DOR = {a/c}/{b/d}
with a negative test result. = {Sensitivity/(1 — Specificity)}/
{(1 — Sensitivity)/Specificity }
False positives (FP) Incorrect positive test = LR +ve/LR —ve = ad/bc
result: b = number of non-diseased persons
with a positive test result. Predictive value Positive predictive value
(PPV): the probability of disease among all
False negatives (FN) Incorrect negative test persons with a positive test result.
result: ¢ = number of diseased persons with a PPV = a/(a + b)
negative test result. Negative predictive value (NPV): the
probability of non-disease among all persons
Sensitivity a/(a + ¢) = proportion of people with a negative test result.
with the target disorder who have a positive NPV = d(c + d)
test result. Predictive values depend on disease
prevalence; the more common a disease, the
Specificity d/(b + d) = proportion of people more likely it is that a positive test result is
without the target disorder who have a negative | right and a negative result is wrong.
test result.
Receiver operating characteristic (ROC) curve
Likelihood ratio (LR): positive (LR +ve), An ROC curve represents the relationship
negative (LR -ve) Describes how many times between the true-positive fraction (sensitivity)
a person with disease is more likely to receive a and false-positive fraction (1 — specificity). It
particular test result than a person without displays the trade-offs between sensitivity and
disease. A likelihood ratio of a positive test specificity as a result of varying the cut-off value
result is usually a number greater than 1, a for positivity in case of a continuous test result.
continued
vii
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Glossary and list of abbreviations

Glossary continued

Receiver operating characteristic (ROC)
space 'The ROC space is the graphical area
available for plotting the sensitivity vs

(1 - specificity) for a binary classifier system.

Summary ROC (SROC) curve The

SROC approach models test accuracy, defined
by the log of the diagnostic odds ratio

[D = logit(sensitivity) — logit(1l — specificity)],
as a function of test threshold

[S = logit(sensitivity) + logit(1 — specificity)].
S relates to the positivity threshold: it

has a value of 0 in studies where sensitivity
equals specificity, it is positive in studies
where sensitivity is higher than specificity,
and negative when specificity is higher

than sensitivity. For a set of primary studies,
the following linear regression model is
fitted:

D=ao+BS
where D is the log odds ratio in each study, a is
the intercept, which is the expected log odds
ratio when § = 0, and B is the coefficient of S,
indicating whether the log diagnostic odds
ratio varies with the threshold.
The estimated SROC curve can be plotted by
computing the expected sensitivity for each
value of 1 — specificity across the range of the
observed values. The expected sensitivity is
given by:

Sensitivity=[1 + ¢! =B pth+ B =R)p=1
where V' = Specificity/(1 — Specificity).

List of abbreviations

ACB antibody-coated bacteria

APN acute pyelonephritis

CCT controlled clinical trial

cfu colony-forming units

CI confidence interval

CR creatinine

CRD Centre for Reviews and
Dissemination

CRP C-reactive protein

CT computed tomography

Cvu clean voided urine

DMSA dimercaptosuccinic acid

DOR diagnostic odds ratio

DTPA diethylenetriamine pentaacetic
acid

ERPF effective renal plasma flow

ESR erythrocyte sedimentation rate

ESRD end-stage renal disease
FN false negative

FP false positive

FPR false-positive rate

hpf high-power field

IQR interquartile range

Ivp intravenous pyelography
IVU intravenous urography
KUB kidney, ureter and bladder
LE leucocyte esterase

LR likelihood ratio

BoM Bo-Macroglobulin

MAGS3 mercaptoacetyltriglycine

MCUG micturating cystourethrography
o-MG aj-microglobulin
MRI magnetic resonance imaging

continued
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List of abbreviations continued

NA
NAG

NICE

NMB
NPV
NR
NS
oif
PCT
PPV
PRS
QALY

QUADAS

RCT
RDOR
ROC
SD

SE

not applicable
N-acetyl-[B]-glucosaminidase

National Institute for Health and
Clinical Excellence

net monetary benefit
negative predictive value
not reported

not stated

oil immersion fields
procalcitonin

positive predictive value
progressive renal scarring
quality-adjusted life-year

Quality Assessment of Diagnostic
Studies

randomised controlled trial
relative diagnostic odds ratio
receiver operating characteristic
standard deviation

standard error

SPA

SPECT

SR

SROC

STIR
TI-W
99m.
TN
TP
TPR
TTC
UA
US
UTI
VCUG
VUR

WBC

suprapubic aspiration

single-photon emission computed
tomography

systematic review

summary receiver operating
characteristic

short T1 inversion recovery
T1-weighted
technetium-99m

true negative

true positive

true-positive rate
triphenyl-tetrazolium chloride
urinalysis

ultrasound

urinary tract infection
voiding cystourethrography
vesicoureteral reflux

white blood cells

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case
the abbreviation is defined in the figure legend or at the end of the table.
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Executive summary

Background

Urinary tract infection (UTT) is one of the most
common sources of infection in children under

5 years of age. It is important as it can cause
troublesome and recurrent symptoms and may
point to unsuspected anomalies of the urinary tract.
In a small proportion of children UTI may lead to
renal scarring. This outcome of infection is of
concern as it is associated with future complications
including poor renal growth, recurrent adult
pyelonephritis, impaired glomerular function, early
hypertension and end-stage renal disease. The aim
of management should be prompt diagnosis, rapid
treatment and the detection of any underlying
cause that might predispose to further infection or
lead to long-term renal damage.

Objectives

The aims of this review were:

1. to determine the diagnostic accuracy of tests for
detecting UTT in children under 5 years of age

2. to evaluate the effectiveness of tests used to
investigate further children with confirmed
UTI

3. to evaluate the effectiveness of following up
children with UTI

4. to evaluate the cost-effectiveness of diagnostic
and imaging tests for the diagnosis and follow-
up of UTI in children under 5

5. to develop a preliminary diagnostic algorithm
for healthcare professionals. This should be
based, as far as possible, on information
derived from objectives 1-4.

Methods

A systematic review was undertaken according to
published guidelines.

Data sources

Studies were identified through searches of
electronic databases, Internet searches,
handsearching, scanning reference lists of
included papers and consultation with experts in
the field.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Study selection

Two reviewers screened titles and abstracts for
relevance. Full papers of potentially relevant
studies were obtained and assessed for inclusion by
one reviewer and checked by a second. Published
and unpublished studies in any language were
eligible for inclusion.

Data extraction

Data extraction and quality assessment were
performed by one reviewer and checked by a
second.

Data synthesis

Results were analysed according to test grouping:
diagnosis of UTI and further investigation of
UTI. Within these groups, data were analysed
according to the clinical aim of studies, and
specific tests or test combinations reported in

the literature. For each test the range in sensitivity,
specificity and likelihood ratios (of both positive
and negative tests results), and diagnostic odds
ratios were calculated. Individual study results
were presented graphically in receiver operating
characteristic (ROC) space. Heterogeneity of
likelihood ratios was investigated using the Q
statistic and through visual examination of

forest plots of study results. Pooled estimates of
positive and negative likelihood ratios were
calculated. However, owing to the significant
heterogeneity present in most tests, median
likelihood ratios, together with their interquartile
ranges, were also calculated and presented. Where
sufficient data were available, heterogeneity was
further investigated using regression analysis. The
summary ROC model was extended to include
covariates for study quality and other possible
sources of heterogeneity.

Economic evaluations

The cost-effectiveness results from existing
evaluations were synthesised through a

narrative review with full tabulation of the results
of the included studies. A separate cost-
effectiveness model was developed using the best
available evidence, in part derived from the
results of the systematic review, to illustrate

the potential cost-effectiveness of some
alternative management strategies in a

UK setting.
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Executive summary

Algorithm development

The results of the systematic review (objectives
1-3) were used to propose diagnostic algorithms
for the diagnosis and further investigation of UTI
in children. Economic analyses did not contribute
directly to the development of these algorithms.

Results
Diagnosis of UTI

Clinical tests (six studies)

Very few studies of clinical tests for the diagnosis
of UTT met the inclusion criteria. These examined
a wide variety of clinical characteristics. No
conclusions regarding the utility of the clinical
examination in diagnosing UTT could be drawn
from these studies.

Urine sampling (12 studies, 16 evaluations)
There was good agreement between culture of
clean voided urine and suprapubic aspiration
(SPA) urine samples. Only limited data were
available on bag, pad and nappy samples.
However, this did suggest that both bag and
nappy/pad specimens may also be suitable
alternatives to SPA.

Dipstick (38 studies, 106 evaluations)

It is difficult to draw conclusions about the overall
accuracy of dipstick tests given the heterogeneity
between studies in some areas, and the lack of
data in others. There was insufficient information
to make any judgement regarding the overall
diagnostic accuracy of dipstick tests for protein or
blood. The combination of a positive test for both
nitrite and leucocyte esterase (LE) was found to be
most accurate for ruling in disease, and a negative
test for both nitrite and LE was found to be most
accurate for ruling out disease. A test for the
absence of urinary glucose was found to be
considerably better than the other tests, for both
ruling in and ruling out disease. However, only a
limited number of studies of this test were
included and these were conducted over 30 years
ago.

Microscopy (39 studies, 101 evaluations)

Given the heterogeneity between studies within
groups and the lack of data for combinations of
tests, it is difficult to draw overall conclusions
about the utility of microscopy techniques for the
diagnosis of UTI. Microscopy positive for both
pyuria and bacteriuria was found to be best for
ruling in disease, and microscopy negative for
both pyuria and bacteriuria was found to be best
for ruling out disease.

Culture (nine studies)

There was considerable heterogeneity in studies of
dipslide culture. The results suggested that this
technique was less accurate for the diagnosis of
UTT than either of the combinations of dipstick or
microscopy tests outlined above.

Other tests (six studies)

Owing to the very small number of studies that
looked at other tests there was insufficient
information available to judge how useful any of
them may be in the diagnosis of UTT.

Further investigation of UTI

Localisation of UTI (37 studies, 82 evaluations)
A limited number of studies of clinical and
laboratory tests was identified that showed fairly
poor accuracy for the localisation of UTI. Imaging
techniques investigated included ultrasound,
magnetic resonance imaging (MRI), computed
tomography (CT), intravenous pyelography (IVP),
cystography and various scintigraphic techniques.
Scintigraphic techniques, generally regarded as
the reference standard, were the only
investigations able to localise UTI accurately.

Detection of reflux (34 studies, 57 evaluations)
Standard ultrasound techniques were found to
have poor performance for the detection of reflux.
Contrast-enhanced ultrasound techniques were
accurate for both ruling in and for ruling out
reflux. Other tests investigated were IVP, indirect
voiding radionuclide cystography, N-acetyl-[B3]-
glucosaminidase/creatinine ratio, scintigraphy and
a clinical risk scoring system. Although IVP and
indirect voiding radionuclide cystography were
both accurate for ruling in reflux, none of these
tests was found to be useful for both ruling in and
ruling out disease.

Prediction of scarring (four studies, nine
evaluations)

The tests investigated were evaluated by one or
two studies only; it is therefore not possible to
draw conclusions regarding their utility in the
prediction of renal scarring.

Detection of scarring (30 studies, 50 evaluations)
Static renal scintigraphy was found to have good
diagnostic performance when evaluated using IVP
as the reference standard. However, since renal
scintigraphy itself, rather than IVP, is generally
regarded as the appropriate reference standard,
this evaluation is of limited value. Dynamic renal
imaging using *™technetium-
mercaptoacetyltriglycine was found to be
reasonably comparable with *™technetium-
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dimercaptosuccinic acid scintigraphy. Ultrasound
was found to be a reasonably good test for ruling
in scarring, but less useful for ruling out disease.
The association between the detection of reflux
using micturating cystourethrography (MCUG)
and the presence of scarring was found to be poor.
Other tests investigated by a small number of
studies were IVP, MRI, voiding radionuclide
cystography and a combination of ultrasound and
MCUG. IVP was found to have excellent
specificity, but estimates of sensitivity showed
considerable variation. Indirect voiding
radionuclide cystography was found to be a poor
test for the detection of scarring. The combination
of ultrasound and MCUG was found to be a
reasonable test for the detection of scarring, as was
MRI. However, these were each investigated in
only one study.

Multiple aims (eight studies, 17 evaluations)
Studies in this section used a wide variety of tests
and combinations of tests as reference standards.
The diagnostic accuracies reported by studies in
this section were generally poor.

Effectiveness of follow-up (one study)
Only one study of the clinical effectiveness of
imaging to investigate confirmed UTT was
identified. This study was published as an abstract,
and no additional data could be obtained. This
study found that routine imaging of toilet-trained
preschool and school-aged children with their first
uncomplicated UTT led to higher rates of imaging,
identification of reflux and prophylaxis than did
selected imaging. However, it did not lead to a
reduction in recurrent UTTs or renal scarring.

Economic evaluations

Only one study satisfied the inclusion criteria. The
study was based on a comparison of a number of
diagnostic strategies relating to UTI and the
identification of urinary tract abnormalities and a
model that linked evidence on diagnostic accuracy
with that on therapeutic decisions and hence on
health outcomes and costs. The review highlighted
a number of potential limitations of this study for
NHS decision-making. A separate decision-
analytic model was therefore developed to provide
a more reliable estimate of the optimal strategy
regarding the diagnosis and further investigation
of children under 5 with suspected UTT from the
perspective of the NHS. The economic model
found that the optimal diagnostic strategy for
children presenting with symptoms suggestive of
UTI depends on a number of key factors. These
included the relevant subgroup of children
concerned, in terms of gender and age, and the
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health service’s maximum willingness to pay for
an additional quality-adjusted life-year (QALY).

Conclusions

The results of the systematic review were used to
derive an algorithm for the diagnosis of UTT in
children under 5. This algorithm represents the
conclusions of the review in terms of effective
practice. There were insufficient data to propose
an algorithm for the further investigation of UTI
in children under 5; instead, the different imaging
options are discussed and areas requiring further
research are highlighted.

The quality assessment highlighted several areas
that could be improved upon in future diagnostic
accuracy studies. Future studies should follow the
STARD guidelines for reporting of diagnostic
accuracy studies.

Recommendations for research

The review highlighted the following specific areas
requiring further research for the diagnosis of UTI:

¢ clinical signs and symptoms to select children to
undergo testing for UTI

¢ urine sampling methods in younger children

e accuracy of clinical tests for the diagnosis of
UTI

e accuracy of the glucose test, and its practical
applicability

¢ handling of indeterminate nitrite and LE
dipstick test results

e accuracy of microscopy in combination with a
dipstick test

¢ usefulness of universal confirmatory culture

¢ usefulness of culture to determine antibiotic
sensitivities in children with confirmed UTI.

Randomised controlled trials assessing the clinical
effectiveness of all stages of the further
investigation of UTI, for long-term renal
outcomes, are urgently required. If the
identification of reflux or renal scarring were
found to be effective in any patient group, further,
well-designed diagnostic accuracy studies would be
required to assess the potential of less invasive
techniques to replace current reference standards.
In the above case it would also be important to
investigate options for minimising invasive testing
by ruling out acute pyelonephritis. Non-invasive
methods of localisation require further research
addressed at this aim.

Xiii
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Chapter |

Background

Epidemiology

The normal urinary tract is sterile. A urinary tract
infection (UTT) is a microbial infection of the
urethra, bladder, ureters or kidneys.1 Infection is
most commonly caused by Gram-negative aerobic
bacteria.? Escherichia coli accounts for about 75-80%
of community-acquired infections,>® and the
remainder are caused by Proleus spp. (more common
in boys),* Klebsiella spp., Pseudomonas spp.,* and
Gram-positive Enterococcus spp.® Occasionally,
infection may be caused by other Gram-positive
bacteria including Staphylococcus spp.*

Infection is important as it can cause troublesome
and recurrent symptoms and may point to
unsuspected anomalies of the urinary tract,” such
as reflux. This occurs when urine passes from the
bladder back into the ureter [vesicoureteral reflux
(VUR)] or back further towards the kidney
(vesicoureteric reflux).! The most common factor
leading to UTT is urinary stasis.* This can result
from reflux, bladder dysfunction, habitually
infrequent or incomplete voiding, stones, outflow
obstruction or constipation.* When examining
children with UTI, it is important that those with
complications, abnormalities of the kidneys, reflux
or bladder dysfunction are identified.®

In a small proportion of children, especially in
those less than 2 months of age, UTT may lead to
renal scarring.*” This outcome of infection is of
concern as it is associated with future complications
including poor renal growth, recurrent adult
pyelonephritis (infection leading to inflammation
of the kidney and its pelvis, beginning in the
interstitium and rapidly extending to involve the
tubules, glomeruli and blood vessels),' impaired
glomerular function, early hypertension and end-
stage renal disease (ESRD).® As renal scarring is
symptomless, it is an important factor to screen for
following UTL® When pregnancy occurs later in
life, scarring is associated with the risk of acute
pyelonephritis, pre-eclampsia, operative delivery
and induced delivery.?

Management

The aim of management should be prompt
diagnosis, rapid treatment and the detection of
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any underlying cause that might predispose to
further infection or lead to long-term renal
damage.? Evidence-based guidelines propose that
the management of UTI in children can be
divided into four phases, as illustrated in Figure 1.

Phase I: recognising a child at risk
The first phase involves identifying children at a
high risk of UTT based on age and clinical
factors.!? If these children are not identified, the
potential benefits of diagnosis and subsequent
treatment are lost.!” This phase involves clinical
examination of the child with possible UTI
infection.

Phase 2: diagnosing UTI

Children who are misdiagnosed either fail to
receive appropriate treatment or receive
unnecessary treatment and evaluation for urinary
tract abnormalities.'” As a result, they do not
receive treatment for the real cause of their
symptoms. It is therefore important that an
accurate diagnosis is made as soon as possible.

Phase 3: short-term treatment
Guidelines recommend that a child with presumed
UTI be given antibiotics pending the results of
culture.!! However, empirical treatment without
establishing the diagnosis could hide other serious
infection and delay appropriate investigation.*
There is little evidence on the effect of giving
early empirical treatment versus awaiting the
results of microscopy or culture. There is some
evidence from retrospective studies, which suggest
that prompt treatment with antibiotics may reverse
acute changes and prevent or limit complications
such as renal scarring; however, the evidence is
inconclusive.*!?

Antibiotics commonly used to treat UTT include
trimethoprim, nitrofurantoin or cephalosporins.
Treatment duration is 5-7 days of antibiotics for
acute infection.'” Longer duration has not been
shown to be any more effective, while shorter
courses may increase recurrence and resistance.
Hospital admission is indicated in any child who is
systemically ill or who is at significant risk of
becoming seriously ill because of their age or the
presence of urinary tract abnormalities.'* Current
UK recommendations state that after treatment of
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the acute infection, prophylactic antibiotic therapy
should be given in low dose at least until
investigation of the urinary tract is complete.'®

Phase 4: imaging evaluation of a child
with UTI

Current UK recommendations state that all
children should be investigated after their first
confirmed infection.'® This may demonstrate an
abnormality requiring surgery, long-term
antibiotic prophylaxis or, if the kidneys are
scarred, lifelong follow-up. However, some studies
have shown no evidence of benefit from routine
diagnostic imaging of all children with a first
UTL'"® although there is indirect evidence that
subgroups at increased risk of morbidity may
benefit from investigation.> The objectives of
imaging in children with their first UTT are to
identify those at risk of scarring or reflux
nephropathy, to detect reflux nephropathy or scars
that have already occurred, and to identify
vesicoureteric reflux, while minimising radiation
exposure, morbidity and cost.'® The performance
of current tests used to evaluate children with
UTI, together with evidence of long-term
effectiveness of follow-up, needs to be assessed.

As shown in Figure 1, there are three phases in the
management of UTTI that involve diagnosis. A
summary of currently used tests is provided in the
following sections.

Diagnosis of UTI

Clinical tests

A clinical examination is the first step in the
diagnosis of UTI. In the very young, symptoms of
UTT are generally non-specific and are easily
missed.”!” Many guidelines recommend that the
presence of UTT should be considered in infants
and young children aged 2 months to 2 years of
age with unexplained fever.'1218 However, the
evidence on which this is based appears to be
limited. Common clinical symptoms in children
aged less than 2 years include feeding disorders,
slow weight gain, vomiting, diarrhoea,* sepsis and
failure to thrive.!' Between 1 and 5 years of age,
fever, general malaise, frequency, abdominal
discomfort and delayed bladder control are
common presenting features.! Dysuria (painful or
difficult urination) in this age group may be a
symptom of UTI or may be due to external

d
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irritation.* However, different articles report
different symptoms of UTT in children. Thus,
there is a need to identify which clinical symptoms
are most consistently associated with UTI, and to
estimate the test characteristics of a clinical
diagnosis using various symptoms of UTI.

Urine tests

Urine sampling

All of the tests commonly used for the diagnosis of
UTT are carried out on urine samples. The best
sample with the least risk of contamination is
obtained by suprapubic aspiration (SPA).!°
However, as this is an invasive procedure it is
generally resisted.!’ Other methods of urine
collection from children under 2 years of age
include transurethral catheterisation or urine bags
or pads. These methods are more susceptible to
contamination, which may reduce the performance
of diagnostic tests. In older children, a clean voided
midstream urine (CVU) specimen is believed to be
the preferred method of urine collection.'?

Dipstick tests

Dipstick tests generally involve dipping the
reactive section of a dry phase chemistry reagent
strip briefly into urine and then comparing the
colour change.?” Analytes commonly tested for
include leucocyte esterase (LE), nitrite, blood and
protein.'” Tests can be carried out individually or
in combination; combinations may be serial (test
results must be positive for the combination to be
positive) or parallel (a positive result on any one
test defines a positive result).!”

Microscopy

Microscopic examination of urine samples for
leucocytes or bacteria'” is considerably more time
consuming and labour intensive than the dipstick
method.?! Both unstained and Gram-stained
samples are used for the detection of bacteria.
Specimens may be centrifuged before
examination.'” When identifying leucocytes, it is
important that the test is done shortly after the
specimen is collected.'” As with dipstick testing, tests
can be carried out individually or in combination.

Culture

The reference standard test for UTT in children
under 2 years of age is considered to be any
bacterial growth on a culture of urine obtained by
SPA.!" The standard culturing technique involves
streaking urine on enrichment and selective
media. More recently dipslide and rapid culture
methods have been developed. The dipslide is a
miniature culture plate, which is immersed in the
urine immediately after voiding.'?
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Other tests

A wide range of other tests has been used in the
diagnosis of UTI. These include colorimetric tests,
headspace gas analysis, impedance,
bioluminescence and chemical luminescence,
immunological tests, enzyme tests, bacterial
oxygen consumption and turbidimetry. However,
these are not in widespread use.

Further investigation of UTI

Alternative strategies for further investigation of
UTI can be considered by their cost, invasiveness
and test characteristics.'” The potential yield of
these investigations will be affected by the
accuracy of the initial diagnosis of UTL'? It is
therefore important that UTT is diagnosed
accurately before further testing is undertaken.
Follow-up testing from confirmed UTI may be
used to localise infection; infections of the lower
urinary tract (cystitis) where there is no renal
involvement require no further investigation.
Where renal involvement is suspected, a variety of
imaging tests may be used to elucidate potential
causes of infection and to quantify any renal
damage present.

No single imaging investigation provides a full
assessment of the whole urinary tract, and there is
lack of agreement on the role and the optimum
timing of each test in children of different age,
gender and clinical presentation.*

Ultrasonography

Ultrasonography is commonly used as the
preliminary investigation for children with
confirmed UTI because of its widespread
availability, relatively low cost and absence of side-
effects.?? Standard ultrasound techniques are non-
invasive and generally preferred by patients and
parents. Outcome is dependent on the skill of the
examiner,?” and techniques and equipment vary
significantly;** therefore, these factors should be
considered when evaluating the efficacy of
ultrasonography. Preliminary ultrasound
examination is generally used to provide a
structural overview of the renal anatomy, and may
be used to rule out hydronephrosis, abscess or
calculus.® It is also used to detect malformations
such as duplex kidneys.® Recently developed,
contrast-enhanced cystosonography techniques
have been used to evaluate VUR. These
techniques involve the introduction of an inert,
microbubble contrast material into the bladder by
catheter and the use of ultrasound to follow filling
and voiding. This method had the advantage over
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micturating cystourethrography (MCUG) of not
involving ionising radiation. However,
examination time is longer than that for MCUG,
the child still has to be catheterised and contrast
media are expensive.’

Planar imaging

Planar imaging involves the injection of a contrast
medium (usually iodine), either intravenously or
through a catheter, after which the patient is
X-rayed to provide an image of urinary tract/renal
anatomy. There are several different forms of this
type of imaging.

Intravenous urography (IVU)/intravenous
pyelography (IVP)/excretory urography/kidney,
ureter and bladder imaging (KUB)

This method has traditionally been used for
imaging children with UTI, and was historically
regarded as the reference standard for detection of
renal scarring.?? It has now been largely superseded
by technetium-99m (gngC)-dimercaptosuccinic acid
(DMSA) scintigraphy (see below), but is still used in
some areas, particularly for presurgical imaging.?
It provides a precise anatomical image of the
kidneys, ureter and bladder, and can readily
identify some urinary tract abnormalities.'’ TVU
requires higher doses of radiation than DMSA and
carries a risk of reaction to contrast medium. '

Cystography

Cystography is similar to IVU, but it is only used
to give an image of the bladder. In this technique,
contrast medium is injected intravenously.

MCUG

This technique, called voiding cystourethrography
(VCUG) in the USA, is used to detect grades of
VUR. It also provides an assessment of the size
and shape of the bladder, and a means of
detecting posterior urethral anomalies in boys.'?
MCUG has the disadvantage of involving a
relatively large dose of radiation and requiring
catheterisation of the bladder, which can cause
discomfort;'? it is considered an invasive
procedure and is distressing for some parents and
almost all children over 1 year of age. There is a
small risk, particularly in the very young, of
introducing organisms during this procedure, thus
causing a UTT.

Nuclear medicine

Nuclear medicine techniques involve the
intravenous injection of a radioactive contrast
medium and detection using an electronic gamma
camera. Several imaging tests of this type are used
in the evaluation of children with UTI.

DMSA scintigraphy/static renal scintigraphy/renal
cortical scintigraphy

This technique provides information on renal
structure and function, and on the presence or
absence and extent of cortical scarring following
UTL'% 1t is generally regarded as the reference
standard technique for evaluation of renal
scarring. The contrast medium is injected
intravenously and is taken up by cells in the
kidney. Imaging generally occurs 2-3 hours after
injection to allow renal clearance of excess activity,
and to maximise visualisation. In general, an
integrated gamma camera and computer systems
are used for the acquisition of planar images for
either a fixed time interval or fixed total counts.'®
This procedure needs a degree of cooperation and
some children require mild sedation. The timing
of DMSA is important; if the examination is done
at the time of the UTI then all defects seen do not
necessarily represent permanent scars. The
procedure is therefore generally conducted at least
6 weeks after the UTI.

Radionuclide cystography/isotope cystography
This technique represents an alternative method
for the evaluation of reflux, which results in
significantly less exposure to radiation in
comparison with conventional radiographic
techniques (MCUG). There are two methods of
radionuclide cystography: direct and indirect. The
direct method requires catheterisation of the
bladder and instillation of radionuclide and fluid
for maximum distension of the bladder, allowing
imaging during filling and voiding, and after
voiding. Indirect radionuclide cystography does
not require bladder catheterisation, but requires
intravenous injection of the radiopharmaceutical
for the evaluation of renal function and urine
drainage as well as the detection of VUR.!7 As this
method provides renal imaging as well as
assessment of reflux, it may have the potential to
replace two separate examinations. The indirect
method requires a cooperative, potty-trained child.

Other tests

Additional tests have been used to investigate UTI
further, particularly for the localisation of
infection. These include clinical history, numerous
biochemical analytes [e.g. C-reactive protein
(CRP), procalcitonin (PCT), Bo-macroglobulin
(B>M)], erythrocyte sedimentation rate (ESR) and
immunofluorescent detection of bacteria.

Clinical applications of tests used in the
further investigation of UTI

There are four main clinical applications, seen in
the literature, of tests for the further investigation
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of UTT: localisation of UTI, detection of reflux, Figure 1, although non-imaging can also be used
prediction of scarring and detection of scarring. to localise infection. Table I summarises which
These are broadly encompassed by the term tests have been evaluated and used for these
‘imaging investigations’ used in phase 4 of different clinical applications.

TABLE | Summary of tests evaluated and used for different clinical applications

Aim Main tests used or evaluated Current reference standard

Localisation of UTI Clinical features Acute DMSA
Laboratory-based
Ultrasound
DMSA

Detection of reflux Ultrasound MCUG
Cystosonography
Radionuclide cystography
MCUG

Prediction of scarring Clinical features Follow-up DMSA
Ultrasound
MCUG
DMSA

Detection of scarring Ultrasound Follow-up DMSA
IVP
Radionuclide cystography
DMSA
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Chapter 2

Research questions

r I “he objectives of this review are:

1. to determine the diagnostic accuracy of tests

(including clinical examination) and different
methods of urine sampling for detecting UTI
in children under 5 years of age

. to evaluate the effectiveness of tests used to
investigate further children with confirmed UTI
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3.

4.

to evaluate the effectiveness of following up
children with UTI

to evaluate the cost-effectiveness of diagnostic
and imaging tests for the diagnosis and follow-
up of UTT in children under 5

. to develop a preliminary diagnostic algorithm

for healthcare professionals who manage these
patients, which could be evaluated in future
primary research.
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Chapter 3

Review methods

An advisory panel was established. In addition
to providing subject-specific input during the
review, members of the panel were invited to offer
comment on the protocol and draft report. Details
of advisory panel members can be found in
Appendix 1. The systematic review was
undertaken in accordance with the Centre for
Reviews and Dissemination (CRD) guidelines for
undertaking systematic reviews?! and published
guidelines on the meta-analysis of diagnostic
tests. >0

Search strategy

A database of published and unpublished
literature was assembled from systematic searches
of electronic sources, handsearching and
consultation with experts in the field. The
database was built using the Endnote software
package.

The following databases were searched for
diagnostic test evaluations: MEDLINE (1966 to
October 2002), PreMEDLINE (1966 to November
2002), BIOSIS (1985 to December 2002), Pascal
(1973 to January 2003), LILACS (25 February
2003), The Cochrane Library (Issue 2002/4),
Science Citation Index (1980 to January 2003), BL
Inside Conferences (1993 to January 2003),
SIGLE (1980 to June 2002), Dissertation Abstracts
(1861-2002), NTIS (1970-2002), Greylit (28
February 2003), NHS EED (December 2002),
EMBASE (1980 to November 2002), National
Research Register (Issue 2003/1) and Controlled
Clinical Trials (24 February 2003). A series of
search strategies was explored then a strategy was
chosen as capturing relevant records while
excluding large numbers of irrelevant records.
This strategy is shown in a version that will run in
the Ovid interfaces of MEDLINE. The strategy
was appropriately adapted to run on other
databases with different interfaces and search
options. This is shown at the start of Appendix 2;
the full strategies and descriptions of all searches
undertaken are also presented in Appendix 2.

A search of the Internet using Altavista was
conducted on 28 February 2003 and a selection of
the results was scanned for further studies. In
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addition, handsearches of the following key
journals were performed for the period
1998-2003: Pediatric Nephrology, Journal of Urology,
Archives of Disease in Childhood, Pediatrics, BM],
Journal of Pediatrics, Pediatric Radiology, Pediatric
Infectious Disease Jowrnal, Journal of Nuclear
Medicine, and British Journal of Urology. Reference
lists of included papers were also scanned to
identify further possibly relevant studies.

To identify economic evaluations, the Endnote
database was searched using the following text
words: cost or costs or economic or costly or
costing or prices or price or pricing or
expenditure or money or budget or preference. In
addition, a search of NHS EED was undertaken
using the following search terms:
urinary(w)tract(w)infection$ OR UTI OR cystitis
OR pyelonephritis. To identify information to
populate the decision model, a sequence of search
strategies was required. The approach was based
on research undertaken for the HTA-funded
project ‘A review of guidelines for good practice in
decision-analytic modelling in health technology
assessment’ (project reference 02/32/01). The
strategies are given in full in Appendix 3. Because
of the number of searches required, only
MEDLINE and the publication ‘Morbidity
statistics from general practice’ were searched.

Update searches of all databases were conducted
in May 2004.

Some data used to populate the economic models
were derived from additional searches outside the
scope of the systematic review.

Inclusion/exclusion criteria

Two reviewers screened titles and abstracts for
relevance independently, and any disagreements
were resolved by consensus. Full papers of
potentially relevant studies were obtained and
assessed for inclusion by one reviewer and checked
by a second. There were separate inclusion criteria
for the three sections of the systematic review of
effectiveness component of the project (objectives
1-3) and for the review of existing cost-
effectiveness literature.
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Diagnosis of UTI

Study design: randomised controlled trial (RCTs),
controlled clinical trials (CCTs) or diagnostic cohort
studies with at least 20 participants. Diagnostic
case—control studies were not eligible for inclusion.

Population: children aged less than 5 years with
suspected UTI. As very few studies were identified
that were conducted exclusively in children aged
less than 5 years, studies of children of all ages were
also included as long as they included at least some
children aged less than 5 years. Studies conducted
in adults and children were only included if data for
children were reported separately.

Index tests: any test that aimed to diagnose UTIL.
Studies that compared urine sampling methods
were also eligible for inclusion. Tests not available
in the UK were excluded, as were tests used
specifically to screen for schistosomiasis.

Reference standard: culture or culture combined
with other tests.

Outcome measures: studies had to report sufficient
information to construct a 2 x 2 table. Studies that
reported patient-centred outcomes were also
eligible for inclusion.

Further investigation of UTI

Study design: RCT5, CCTs or diagnostic cohort
studies with at least 20 participants. Diagnostic
case—control studies were not eligible for inclusion.

Population: children aged less than 5 years, at
least some of whom had to have confirmed UTI.
Studies conducted exclusively in children with
known urinary tract problems, for example with
reflux, were excluded. As very few studies were
identified that were conducted exclusively in
children aged less than 5 years, studies of children
of all ages were also included as long as they
included at least some children aged less than

5 years. Studies conducted in adults and children
were only included if data for children were
reported separately.

Index tests: any investigation used to investigate
UTIs further.

Reference standard: studies with any reported
reference standard were eligible for inclusion.

Outcome measures: studies had to report sufficient
information to construct a 2 x 2 table. Studies that
reported patient-centred outcomes were also
eligible for inclusion.

Effectiveness of follow-up
Study design: RCTs, CCTs, cohort studies,
case—control studies or cross-sectional studies.

Population: children who had suspected or
confirmed UTI when aged less than 5 years. As
very few studies were identified that were
conducted exclusively in children aged less than

5 years, studies of children of all ages were also
included as long as they included at least some
children aged less than 5 years. Studies conducted
in adults and children were only included if data
for children were reported separately.

Intervention: diagnostic testing or imaging
evaluation.

Outcome measures: long-term follow-up relating to
the incidence of renal disease, recurrent infection
or any other reported outcome.

Economic evaluations

Study design: full economic evaluations in which
both costs and health outcomes were estimated
and at least two options compared.

Population: children who had suspected or
confirmed UTI. Studies conducted in adults and
children were only included if data for children
were reported separately.

Intervention: diagnostic testing or imaging
evaluation.

Outcome measures: costs from a health service or
broader (e.g. societal) perspective; appropriate
health-related outcomes as defined in the sections
‘Diagnosis of UTT’, ‘Further investigation of UTT
and ‘Effectiveness of follow-up’, above.

Data extraction

Data extraction forms were developed using
Microsoft Access. These were piloted on a small
selection of studies. Separate forms were
developed for diagnostic accuracy studies and
controlled trials. Data extraction was performed by
one reviewer and checked by a second. Foreign-
language papers were extracted by one reviewer,
accompanied by a speaker of that language, and
the data were entered directly into the Access
database. A second reviewer did not check foreign-
language studies. The following information was
extracted for all studies: study details [identifier,
author, year, study design, language, objective,
country, setting (primary or secondary care, and if
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secondary care, whether it was in a teaching
hospital)], participant details (number of children,
number of boys and girls, mean age, age range
and inclusion criteria/spectrum composition),
study withdrawals and any reported adverse events
relating to any of the tests performed. Data
specific to the type of study were also extracted.
Economic studies were summarised by the health
economics team.

Diagnosis of UTI

Data were extracted on urine sampling methods,
index test details (test evaluated, details of test
performance, definition of a positive test result),
reference standard details (reference standard,
details of reference standard execution, definition
of a positive reference standard result) and results
(data to construct a 2 X 2 table).

Further investigation of UTI

Data were extracted on patient spectrum
(confirmed UTI/mixed population with some
UTI), aim of further investigation (localisation of
UTI, to detect reflux or to detect/predict
scarring) index test details (test evaluated, details
of test performance, definition of a positive test
result, time from infection to performance of
index test), reference standard details (reference
standard, details of reference standard execution,
definition of a positive reference standard result,
time from infection to reference standard
execution) and results (data to construct a

2 x 2 table). Where studies provided n x n data on
staging disease, for example vesicoureteral reflux,
these were extracted separately. These data were
also dichotomised and extracted as 2 x 2 table
data. For studies of imaging techniques, data were
extracted on both the number of false positives
and the number of ‘true false positives’. This
distinction was made as some studies classified
certain findings as positive that were not
consistent with the aim of the study. For example,
studies looking at ultrasound for the detection of
scarring might classify a horseshoe kidney as
positive when this was not positive for scarring.
For such studies these findings were classified as
negative; in this example, if the kidney was not
positive for scarring it was classified as negative.
For such studies, the original 2 x 2 data
presented in the article were reported in brackets
together with the recalculated data, in the results
tables.

Effectiveness of follow-up

As only one study was identified, a narrative
summary is presented. No formal data extraction
was performed.
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Economic evaluations
As only one study was identified, a narrative
summary is presented.

Quality assessment

Quality assessment forms were developed using
Microsoft Access for the different study designs
included in the review. Quality assessment was
carried out by one reviewer and checked by a
second.

Diagnostic accuracy studies

Included diagnostic evaluation studies (for both
diagnosis and further investigation of UTTI) were
assessed for methodological quality using the
Quality Assessment of Diagnostic Studies
(QUADAS) tool.2”*8 The QUADAS tool, together
with details on how studies were scored, is
provided in Appendix 4.

RCTs/CCTs

No full reports of RCTs/CCTs were identified. The
only RCT of the effectiveness imaging in UTT was
reported as an abstract.?” The reviewers were
unable to obtain additional data on this study.
Therefore, no quality assessment of this study
could be conducted.

Economic evaluations

The quality of the cost-effectiveness studies was
assessed according to a checklist updated from
that developed by Drummond and colleagues.*
This checklist reflects the criteria for economic
evaluation detailed in the methodological
guidance developed by the National Institute for
Health and Clinical Excellence (NICE).*!

Statistical analysis

The analyses of data identified by the systematic
review component of the project are described
below. Data on diagnostic accuracy, clinical
effectiveness and cost-effectiveness were analysed
or summarised separately. The economic models
were developed using additional data to that
derived from the systematic review, and the
explicit methods used in the modelling
component of the project are described in
Chapter 6.

Diagnosis/further investigation of UTI
Results were analysed according to test grouping:
diagnosis of UTT (clinical, urine sampling,
dipstick, microscopy, culture, other and test
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combinations) and further investigation of UTI
(localisation of UTI, detection of reflux, prediction
of scarring, detection of scarring and imaging
studies with multiple aims). Within these groups,
tests were examined according to the specific tests
or test combinations reported in the literature.
Combinations of tests were analysed as test
combinations, where appropriate.

For each test, or test combination, the range in
sensitivity, specificity and likelihood ratios (of both
positive and negative tests results), and diagnostic
odds ratios (DORs) were calculated. These were
presented in tables. To account for 0 cells in the

2 x 2 tables, 0.5 was added to every cell for all

2 x 2 tables, as recommended by Moses and
co-workers.?® Individual studies results were
presented graphically using summary receiver
operating characteristic (SROC) curves. These
were estimated using the following equation:

1
1

Sensitivity =
1+

L+
e 1 — Specificity | 1-?

Specificity

a and b were calculated using the following
regression equation:

D=a+bS
D = {logit (TPR) - logit (FPR)} = log (DOR)
S = {logit (TPR) + logit (FPR)}

Logit (TPR) = In(TPR/(1 - TPR))
Logit (FPR) = In(FPR/(1 - FPR))

where TPR is the true-positive rate and FPR is the
false-positive rate.

This was estimated by regressing D against S,
weighting according to sample size, for each study.
B provides an estimate of the extent to which D is
dependent on the threshold used. If B is 0 (when
the line is symmetrical with respect to the line
TPR = 1 - FPR), or not significantly different
from 0, then the DOR is not affected by the
threshold used. When this was the case the DOR
was pooled according to standard methods for
pooling odds ratios.” In such cases the following
equation was used to calculate the SROC curves:

1

Sensitivity = 1
1+

DOR; 1 - Specificity
Specificity

Likelihood ratios were selected as the measure of
test performance for further analysis as physicians
more easily interpret these measures than
sensitivity and specificity. Heterogeneity of
likelihood ratios was investigated using the Q
statistic* and through visual examination of forest
plots of study results.*® Pooled estimates of
positive and negative likelihood ratios were
calculated. However, owing to the significant
heterogeneity present in most tests, median
likelihood ratios, together with their interquartile
ranges, were also calculated and presented.

Where sufficient data were available (minimum of
ten studies), heterogeneity was further investigated
using regression analysis. The SROC model,*® as
outlined above, was extended to include the
covariates presented below.?” A multivariate linear
regression analysis was conducted, again weighted
by sample size.

The following items were investigated as possible
sources of heterogeneity, where data were
available:

¢ factors affecting the reference standard:
dependent on test grouping

e factors affecting the index test: dependent on
test

e age: <2 years, <5 years, <12 years and
<18 years

e country: grouped according to region

e QUADAS items.

Initially, univariate analysis was performed with
items included individually in the model. Items
that showed a significant association at the 5%
significance level with D were investigated further
using stepwise multivariate models. In this
approach, all items found to be significant in the
univariate models were entered into the
multivariate model and then dropped in a
stepwise fashion, with the least significant item
dropped first. The final model was achieved when
all items remaining in the model showed a
significant association with D at the 5% level.

Effectiveness of follow-up
As only one study was identified, a narrative
discussion is presented.

Economic evaluations

As only one study was identified, a narrative
discussion is presented. In addition to a critical
review of the cost-effectiveness literature relating
to alternative diagnostic tests and imaging
strategies, a decision-analytic model was
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developed to estimate the cost-effectiveness of
alternative tests and strategies. Full details of the
modelling are detailed in Chapter 6.

Development of an algorithm for
the diagnosis and further
investigation of UTI in children

The results of the systematic review of effectiveness
(objectives 1-3) were used to inform the
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consideration of preliminary diagnostic algorithms
for the diagnosis and further investigation of UTI
in children. The diagnosis and further
investigation of UTT in children were considered
separately. The economic modelling component of
the project did not contribute directly to this
process.
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Chapter 4

Studies included in and studies excluded from
the review

ble 40 in Appendix 5 lists all studies included

in the review that addressed objective 1 of the
review, ‘to determine the diagnostic accuracy of
tests (including clinical examination) and different
methods of urine sampling for detecting UTT in
children under 5 years of age’. Studies are
reported along with all tests for which they
provided data sets.**113

Table 41 in Appendix 6 lists all studies included in
the review that assessed the diagnostic accuracy of
one or more tests used in the further investigation
of UTL.'*218 The clinical objective or target
condition of the test(s) is recorded, along with the
tests for which each study provided data sets.

Only one study was identified that addressed the
clinical effectiveness of investigating confirmed
UTL2"

Table 42 in Appendix 7 lists all studies for which
full copies were obtained and which were

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

subsequently excluded from the review. The
reasons for exclusion are summarised. The
inclusion criteria relevant to diagnostic accuracy
studies are summarised in the table. Studies were
excluded if they were not diagnostic cohort studies
evaluating tests for the diagnosis or further
investigation of UTI, did not include at least some
children under 5 years of age, included fewer than
20 participants, did not report sufficient data for
the construction of 2 x 2 tables, did not report a
reference standard (further investigation) or used
a reference standard that did not include culture
(diagnosis). As many excluded studies failed to
meet more than one of these criteria, inclusion
criteria were assessed in a sequential manner (left
to right in Table 42). All criteria, of those assessed,
that were failed by an excluded study are
highlighted in bold.
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Chapter 5

Results of the review

Results of the literature searches

The literature searches identified over 10,000
references. These were screened for relevance and
1044 references were considered to be potentially
relevant. Copies of four of these articles could not
be obtained.??°??% A Bulgarian article appeared to
meet relevance criteria, but as no translator was
available this paper could not be assessed for
inclusion.??* Figure 2 shows the flow of studies
through the review process and the number of
studies excluded according to each of the inclusion
criteria. Appendix 7 summarises the studies
excluded from the review.

A total of 187 studies met all of the inclusion
criteria; 80 examined the diagnostic accuracy of
tests for UTI, 106 examined the diagnostic
accuracy of tests used in the further investigation
of UTI, and one study examined the effectiveness
of follow-up. Four studies that met the inclusion
criteria based on their English abstracts could not
be extracted as they were published in languages
for which translators could not be found. Three
that met the inclusion criteria for UTI diagnosis
were in Czech,?? Croatian®?® and Danish.?” One
study that met the inclusion criteria for the further
investigation of UTI was in Finnish.?2% Thus, 77
studies were included for the diagnosis of UTI,
105 studies for the further investigation of UTI
and one for the effectiveness of follow-up. Studies
on the diagnosis of UTI included 272 test
evaluations and those on the further investigation
included 215 test evaluations. Thus, a total of
487 test evaluations was included in the review.

In total, 26 non-English language papers
were included in this review: four
French, 7150175229 fo11- German, 100-115.181,195

. 24:4 .
four Itallan,“’lm’lw’122 one Polish!% and
13 Spanish 48-50,60-62,74,88,89,97,144,146,212

Where insufficient details were reported, authors
were contacted to provide further information. For
example, authors were contacted if the study was
published as an abstract, or if it appeared that

2 x 2 table data should be available for the study,
but were not extractable from the published
report. In total, 39 authors were contacted
requesting clarification or further details of data
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reported in published articles or abstracts, or
details of studies entered on research registers.
Thirteen replies were received, of which seven
provided additional data for this review.

Study quality is discussed in detail in the next
section. Detailed tables of study quality for each
study are included in this section. Study quality is
also referred to throughout the results section, but
readers requiring more information on the quality
of an individual study should refer to the next
section.

Quality assessment

For quality assessment, studies were divided into
three groups rather than the two used in other
sections of the review. The grouping of ‘diagnosis
of UTT was retained, and the section on further
investigation of UTI was split into ‘localisation of
UTT and ‘further investigation of UTT. This was
because the studies of localisation of UTI included
clinical and laboratory tests as well as imaging
tests, while the other studies on further
investigation of UTI were almost exclusively
studies of imaging evaluations. It was felt that the
quality issues might differ because of these
differences in tests.

Tests for the diagnosis of UTI

The 77 studies included in this category were of
reasonable quality (Table 2). The median number
of the 14 items included in the QUADAS tool
tulfilled by these studies was 8 (range 5-13).
Figure 3 shows the number of quality items fulfilled
by these studies. Over 80% of studies fulfilled the
criteria for avoidance of incorporation bias,
difterential and partial verification bias, disease
progression bias, and the use of an appropriate
reference standard. Less than 40% of studies
included an appropriate spectrum of patients and
only just over 50% provided sufficient details on
how children were selected for inclusion in the
study. Almost 80% of studies reported sufficient
details on how the test was performed to permit
replication of the test, while just under 60% of
studies provided sufficient details of reference
standard execution. Studies failed to report
sufficient details on clinical review bias, diagnostic
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Endnote Library

>

Not relevant (n = 9148)

n = 10194
A
Potentially relevant: copies ordered
n = 1046

A 4

Was the paper a primary study or systematic
review of the diagnosis, further investigation of
UTI or the effectiveness of follow-up for UTI?

Screened for inclusion (n = 1041)

Could not be obtained (n = 4)

Need translation (n = 1)

L Yes (n = 439)

Was the study an economic evaluation?

Yes

>

Excluded (n = 602)

>

\ No (n = 422)

Was the study a diagnostic cohort study or
an RCT/CCT?

Evaluated in

economic review |[—P»

process (n = 17)

>

i Yes (n = 357)

Was the study conducted in children?

Excluded (n = 65)

LYes (n = 302)

Did the study include at least some children
aged <5 years?

No or not clear

L Yes (n = 246)

Did the study contain at least 20 children?

>

Y =243
v es (n )

If a diagnostic accuracy study, did the study contain
sufficient information to construct a 2 x 2 table of
test performance?

Excluded (n = 55)

Excluded (n = 56)

>

Y = 190
v es (n )

If UTI diagnosis, did the reference standard
include culture?

L Yes (n = 187)

Included:
UTI diagnosis (n = 80, 77 extracted)
Further investigation (n = 106, 105 extracted)
Effectiveness of follow-up (n = 1)

>

Excluded (n = 3)

Excluded (n = 53)

Excluded (n = 3)

Ordered (n = 6)
Included (n = 1)

Could not be translated n = 4

(I imaging, 3 UTI)

FIGURE 2 Flowchart of studies through the review process. SR, systematic review.




Health Technology Assessment 2006; Vol. 10: No. 36

30+

25 1

20 A

Percentage of studies

| UTI
[ Localisation

[ Further investigation

il

L Mlﬂm

No. of QUADAS items
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FIGURE 3 Number of quality items fulfilled by studies

review bias and test review bias to judge whether
these were avoided. Study withdrawals and
handling of uninterpretable results were also
poorly reported. Figure 4 illustrates the number of
studies that answered ‘yes’, ‘no’ and ‘not stated’ to
each of the 14 QUADAS items.

Tests for localisation of UTI

The 37 studies included in this section (Tuble 3)
showed a similar pattern of quality to those
included for the diagnosis of UTI. The median
number of QUADAS items fulfilled by these
studies was 8, with a range of 3-13. The
distribution of the number of QUADAS items
fulfilled is shown in Figure 3. Incorporation bias
and differential verification bias were avoided in
all studies, and all but one study also reported that
all patients had received verification by the
reference standard. The time delay between the
index test and reference standard was more of a
problem with these studies than with those for the
diagnosis of UTI: just over 60% of studies
reported that the time between the index test and
reference standard was short enough that the
disease state was unlikely to have changed between
tests. The use of an appropriate reference
standard was also a problem in some of these
studies. Just over 60% used an appropriate
reference standard, around 10% did not use an
appropriate reference standard and in the
remainder of studies it was not clear whether the
reference standard used was appropriate.
Spectrum composition and reporting of details of
how children were selected for inclusion in the
study was better in these studies than in the
studies of the diagnosis of UTI. Over 50% of
studies used an appropriate spectrum of patients
and around 70% provided sufficient details on
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how children were selected for the study. Only
around half of studies provided sufficient details of
how the index test and reference standard were
performed to allow replication of these tests.
Almost 40% of studies provided information
indicating that test and diagnostic review bias had
been avoided, in the remainder of studies this
information was not reported. Almost 90% of
studies did not provide details on whether clinical
information was available when test results were
interpreted. Few details were provided on how
uninterpretable results were handled, with around
70% of studies failing to provide this information.
Study withdrawals were also poorly reported, with
almost 50% of studies not reporting any details of
study withdrawals and over 20% of studies not
accounting for withdrawals.

Further investigation of UTI

The quality of the 68 studies of the further
investigation of UTT (Table 4) was similar to that of
studies for the diagnosis and localisation of UTT.
The median quality score was 7.5 (range 3-12).
The distribution of the number of quality items
fulfilled by these studies is shown in Figure 4.
None of the quality criteria was fulfilled by all
studies. Around half of studies reported that
diagnostic and test review bias had been avoided;
the remaining studies did not report whether the
index test and reference standard were interpreted
blind to the results of the other test. Studies also
provided very little information on whether
clinical information was available when test results
were interpreted, how uninterpretable results were
handled, and whether there were any withdrawals
from the study and if so whether all withdrawals
were accounted for. Four items were fulfilled by
more than 60% of studies: the avoidance of
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TABLE 2 Quality assessment results for studies of the diagnosis of UTI (cont’d)
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TABLE 3 Quality assessment results for studies of the localisation of UTI (cont’d)
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US, ultrasound.
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TABLE 4 Quality assessment results for studies for the further investigation of UTI
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TABLE 4 Quality assessment results for studies for the further investigation of UTI (cont’d)
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TABLE 4 Quality assessment results for studies for the further investigation of UTI (cont’d)
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incorporation bias, differential verification bias,
partial verification bias and the provision of
sufficient details of test execution. Fewer studies,
around 40%, provided appropriate details of how
the reference standard was performed. Less than
50% of studies included an appropriate spectrum
of patients or provided details on how children
were selected for inclusion in the study, and less
than 60% of studies used an appropriate reference
standard. The possibility of disease progression
bias was also a problem in some of these studies,
with less than 60% reporting a sufficiently short
interval between the index test and reference
standard to make it unlikely that the disease state
would have changed between tests.

Accuracy of tests used to diagnose
UTI

A total of 77 studies that evaluated the accuracy of
tests for the diagnosis of UTI met the inclusion
criteria. These studies included a total of 272 test
evaluations.

Clinical tests

Six studies looked at the accuracy of various
clinical features for the diagnosis of

UTI 749647478104 (T p1, 5). Only one of these
studies included an appropriate spectrum of
patients. The reporting of blinding of the
investigators to other test results and clinical data
(avoidance of review bias) was poor, and only half
of the studies adequately described the conduct of
the index test and the reference standard. Studies
investigating clinical features can be divided into
two groups: those that aim to identify children
who may have a UTI and who may then go on to
receive tests to diagnose the UTI, and those that
aim to diagnose the UTL

Two studies aimed to identify children who may
have a UTI. One study looked at the diagnostic
accuracy of a temperature of over 38.1 °C for the
diagnosis of UTI. Sensitivity was less than 50%
and specificity was only 56%. The children
included in this study were selected on the basis of
having either a temperature of over 38.1 °C or
other symptoms of UTI. A second study looked at
a combination of clinical symptoms and included
children aged less than 2 years with fever of
unknown source.** The clinical features
investigated were: age less than 12 months old,
white race, temperature of at least 39 °C, fever for
2 days or more and absence of another source of
fever on examination. The presence of any two of
these five clinical features or symptoms was used

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

to define a positive result. This study had a
sensitivity of 95% and a specificity of 31%,
suggesting that this combination of clinical
symptoms may be useful for ruling out disease in
children aged less than 2 years with fever of
unknown source. Neither of these studies included
an appropriate spectrum of patients or provided
details on blinding, uninterpretable results or
study withdrawals. Verification bias may have been
a problem in the study of temperature.*?

Two studies assessed urine clarity: UTI was stated
to be present if the urine was cloudy. Both studies
reported a reasonable performance for this test,
with sensitivities of around 90% and specificities of
82% and 72%. It is difficult to generalise from
these results as neither study included an
appropriate spectrum of patients. However, both
studies scored well on other quality criteria. One
study assessed the diagnostic accuracy of a urine
odour questionnaire completed by parents; both
sensitivity and specificity were less than 50%.'**
This study was of good quality and included an
appropriate patient spectrum. An additional study
looked at the presence of any of the following
symptoms for the diagnosis of UTI: urinary odour
and cloudiness, fever, malaise, haematuria and
pain.”® This study was performed in a high-risk
group consisting of children with neurogenic
bladder and spinal cord injury.”® The results are
therefore unlikely to be generalisable to children
presenting in GP surgeries. This study reported
poor accuracy, with a sensitivity of 56% and a
specificity of 76%.

Summary

Very few different clinical tests were investigated in
the included studies. The only test for which there
was some evidence of reasonable accuracy was
urine clarity. All other tests investigated showed
poor diagnostic performance.

Urine sampling

Twvelve studies, with a total of 16 different test
evaluations, compared the diagnostic accuracy of
different methods of urine
sampling®$:4146:51.54.57.586165.87.94.95 (Th1, ).

These studies compared the results of culture from
urine obtained by different sampling methods.
Only around half of these studies included an
appropriate spectrum of patients and provided an
adequate description of patient selection. No study
reported whether or not those interpreting test
results were blinded to the sampling method and
clinical data (avoidance of review bias). Adequate
description of the index test and reference
standard was a problem in around 25% of studies.
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FIGURE 5 Urine sampling (accuracy of CVU using SPA as the reference standard): study sensitivity and | — specificity plotted in ROC

space

CVU samples

Five studies reporting seven data sets assessed the
diagnostic accuracy of a clean catch urine sample,
using an SPA urine sample as the reference
standard.*!0>87.949 Four studies used culture
alone of both urine samples, whereas one used a
combination of culture and microscopy of the two
samples.*! Two studies each provided two
estimates of test performance. One stratified
results by age. The results of this study were
combined for this review to give an overall
estimate of test performance.!' The other
evaluated test performance at two different cut-off
points.”* The results for a cut-off point of over
105 cfu ml™! were used in this review for further
analysis as this was the cut-off point used in most
of the other studies.

Sensitivity ranged from 75% (specificity of 96%) to
100% (specificity of 100%) and specificity ranged
from 57% (sensitivity 83%) to 100% (sensitivity
100%). The positive likelihood ratios (LRs) ranged
from 1.9 (LR- 0.30) to 47.7 (LR- 0.08). Negative
likelihood ratios ranged from 0.08 (LR+ 47.7) to
0.36 (LR+ 3.57). Figure 5 shows estimates of
sensitivity and 1 — specificity from these studies
plotted in a receiver operating characteristic
(ROC) space. Although there was considerable
heterogeneity in study results, all studies were
clustered towards the upper left-hand corner of
the graph, suggesting that acceptable diagnostic

performance is obtained from CVU samples.
Looking at the graph, one study appeared to be
an outlier.*! All studies were of reasonable quality
and the one outlying study did not differ in
quality from the others. The outlying study used
culture and microscopy of the two samples,
whereas all other studies used culture alone.

There was considerable heterogeneity in positive
likelihood ratios (p < 0.0001). However, the
negative likelihood ratios were statistically
homogeneous (p = 0.504). The pooled positive
likelihood ratio was 7.7 [95% confidence interval
(CI) 2.5 to 23.5] and the pooled negative
likelihood ratio was 0.23 (95% CI 0.18, 0.30). The
median positive likelihood ratio was 17.8
[interquartile range (IQR) 6.6-19.5]. The median
negative likelihood ratio was 0.22 (IQR
0.12-0.26). There were insufficient studies to allow
further investigation of heterogeneity.

Bag specimens

One study*® provided separate estimates of test
performance for two age groups and compared
culture and microscopy results from bag specimens
to those obtained from catheter specimens. Both
estimated sensitivity and specificity to be around
80%. The appropriateness of a catheter specimen
as the reference standard is questionable, and this,
along with the small amount of data available,
means that these results are of limited value.
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Two studies compared culture of urine bag
specimens to culture of SPA samples.®%> There
were considerable differences in the results from
these studies, with one reporting a sensitivity of
100% and the other a sensitivity of 50%. Both
studies found specificity to be around 90%.
Overall, there were insufficient data to draw any
conclusions regarding the appropriateness of
using urine samples obtained from bags.

Pad/nappy specimens

Four studies examined the diagnostic accuracy of
pad/nappy specimens. Three compared culture of
pad/nappy specimens to culture of bag
specimens.?®5798 Given the fact that bag
specimens are unlikely to be the best method of
urine sample collection, the results of these studies
are of limited value.

One study compared culture of a pad/nappy
specimen to culture of SPA samples.’! This study
reported a sensitivity of 100% and specificity of
94%, suggesting excellent agreement between the
two sampling methods. However, the limited data
(three of the cells in the 2 x 2 table contained five
or fewer children) make it impossible to draw firm
conclusions from this finding.

Early- versus late-stream samples

One study compared the results of culture from
early catheter samples to those from late catheter
samples.” The agreement between the two
samples was very good, with an estimated
sensitivity of 100% and specificity of 95%. This
study also contained limited data, with three of the
cells in the 2 x 2 table containing six or fewer
children, again making firm conclusions
impossible.

Summary

The only type of urine sampling for which a
reasonable amount of data was available was the
comparison of CVU samples to SPA samples.
These data showed that when both samples are
cultured the agreement between the two methods
was good. The one outlying study showed a poor
performance of CVU. The reasons for this are
unclear, but may be related to the fact that this
study used a combination of culture and
microscopy of the two urine samples, whereas all
other studies used culture alone.

Dipstick tests
A total of 38 studies reporting 106 data sets

evaluated diPstiCk tests for the diagnosis of
UTI.39-40.45,47,49,52,53,55.,56,59,60,62,70-75,78,81,83-85,89-91,

99,101-103,105,106,109-113,230 These studies assessed the
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utility of dipstick tests for nitrite, LE, protein,
glucose and blood alone and in combination.

Nitrite

Twenty-three studies reporting 27 data sets
examined nitrite dipstick tests,*347:93:55.59.60.62.70,
72-75,78,81,84,89,91,101,105,110-112.230 oo than half
(17/23) of these studies did not include an
appropriate spectrum of patients, and patient
selection criteria were often inadequately
described. Avoidance of test review bias was poorly
reported; 14 out of the 23 studies did not report
whether those interpreting results were blinded to
the results of other tests. Differential verification
bias was a problem in three studies. One study
presented the results from visual interpretation
and a subset of results as read by a machine.*®
Only those results that were interpreted visually
were included in the analysis below, as these were
more comparable to other studies in the group,
and were available for the whole sample. One
study presented results for the total population as
well as separate results for infants aged less than

1 year.!”! The results for the total population were
used in all further analyses to prevent data from
the same participants being used twice. A third
study incubated samples that were initially
negative for 4 hours. The samples that remained
negative were then incubated with sodium nitrite
for a further 4 hours. Results were presented for
each stage of this process.'”® Only the results
obtained initially without incubation were included
in further analyses, as these were considered more
comparable to other studies in the group (all
other nitrite dipstick tests were performed without
incubation). The final study to report more than
one test evaluation examined dipsticks from two
different manufacturers. Results were highly
consistent (there were two more true-negative
results, with one test out of a total of 809 negative
results). Only one set of results was further
analysed to prevent duplication of almost identical
data from the same participants.''? It was decided
to use the results from the Multistix '™ (Ames) test
as it was also used in several other studies.

Culture was used as the reference standard in all
but two studies. In these two studies, a combined
reference standard of culture and microscopy was
used.”" In the majority of those studies where
culture was the reference standard (15/21), the
cut-off point defining presence of a UTT was

10° cfu mI™!. Of the remaining six studies where
culture was the reference standard, one study
used 10* cfu ml™! as the cut-off point,?® one
used 50,000 cfu ml™!,%° and the others used more
than one urine sampling technique (and,
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FIGURE 6 Nitrite: study sensitivity and | — specificity plotted in ROC space

correspondingly, more than one cut-off point) per
study (see Table I]>.47,53,81,84

In general, studies found relatively poor sensitivity
with high specificity. Sensitivity ranged from
16.2% (specificity 97.6%) to 88.1% (specificity
100%). Specificity ranged from 75.6% (sensitivity
61.1%) to 100% (sensitivity 16.7-88.1%); all but
two estimates of specificity were above 90%. There
was considerable heterogeneity in terms of
likelihood ratios (p < 0.001). Positive likelihood
ratios ranged from 2.5 (LR- 0.51) to 439.6

(LR- 0.63). Negative likelihood ratios ranged from
0.12 (LR+ 157) to 0.86 (LR+ 6.7). The pooled
positive likelihood ratio was 15.9 (95% CI 10.7 to
23.7) and the pooled negative likelihood ratio was
0.51 (95% CI 0.43 to 0.60). However, owing to
significant heterogeneity these should be
interpreted with extreme caution. Figure 6 shows
estimates of sensitivity and 1 — specificity plotted
in ROC space. The median positive likelihood
ratio was 15.1 (IQR: 10.8-47.7) and the median
negative likelihood ratio was 0.5 (IQR 0.33-0.70).

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. The regression model D = a + BS
was extended to include variables for quality
items, age and region. The results of the
univariate regression analysis are shown in Table 7.

Two items, the presence of clinical review bias and
region, were significant in this analysis. These
items were included in a multivariate analysis, but
only clinical review bias remained significant. The
DOR was around 4.5 times higher in studies that
avoided clinical review bias than in studies in
which clinical review bias may have been a
problem. The adjusted 72 value increased from
0.09 to 0.40 when clinical review bias was included
in the model, suggesting that this variable
accounted for some but not all of the observed
heterogeneity. However, this association may
reflect the quality of reporting, as clinical review
bias was scored as ‘not clear’ rather than ‘no’ in
the majority of studies.

Leucocyte esterase

Fourteen studies reporting a total of 16 data sets
examined the dia%nostic accuracy of dipstick tests
for LE.47:53.55,62,74,75,78,81,84,89,101,111,112,230 T}
majority of these studies (12/14) did not use an
appropriate spectrum of patients. Around one-
third of studies did not provide an adequate
description of the criteria used to select patients
or of the reference standard used to confirm
diagnosis. Approximately half of the studies did
not report sufficient information to assess the
avoidance of review bias, and partial verification
bias was a problem in one study. One study
reported results for the whole population and
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TABLE 7 Results of the regression analysis for nitrite dipstick

Variable B
Spectrum composition -0.5
Selection criteria 0.1
Reference standard -0.9
Time -0.5
Partial verification |
Differential verification 0.4
Incorporation
Test details 0.2
Reference standard details 0.8
Test bias 0.1
Review bias -0.6
Clinical review bias 1.5
Uninterpretable results -0.7
Withdrawals
Age: < 2 years
< 5 years 1.8
<12 years 0.8
<18 years 1.3
Region: North America
Europe -1.2
Other -1.2

provided separate results for children less than
1 year of age.'%! As the results were very similar
for both analyses, only the results for the whole
group were included in this analysis. Another
study evaluated dipstick tests from two different
manufacturers and reported very similar results
for the two products.''? Only the results for one of
the tests, Multistix (Ames) were included in the
present analysis to avoid duplication of data.
Twelve studies used culture as the reference
standard and two used a combination of culture
and microscopy.”*"

In general, specificity was higher than sensitivity.
Sensitivity ranged from 37.5% (specificity 96.4%)
to 100% (specificity 92%). Specificity ranged from
69.3% (sensitivity 93.5%) to 97.8% (sensitivity
70%}. Positive likelihood ratios ranged from 2.6
(LR-0.39) to 32.2 (LR- 0.31). Negative likelihood
ratios ranged from 0.02 (LR+ 12.5) to 0.66

(LR+ 6.97). There was considerable heterogeneity
in both positive and negative likelihood ratios

(p < 0.001). The pooled positive likelihood ratio
was 5.5 (95% CI 4.1 to 7.3) and the pooled
negative likelihood ratio was 0.26 (95% CI 0.18 to
0.36). These should be interpreted with extreme
caution owing to the presence of significant
heterogeneity. Figure 7 shows estimates of
sensitivity and 1 — specificity plotted in ROC
space. The median positive likelihood ratio was
5.0 (IQR 3.3-12.3) and the median negative
likelihood ratio was 0.23 (IQR 0.16-0.30).

RDOR

0.6
1.1
0.4
0.6
2.7
1.5

1.2
22
1.1
0.5
4.5
0.5

6.0
22
3.7

0.3
0.3

p-Value

0.548
0.896
0.75
0.378
0.484
0.782
Dropped
0.797
0.19
0.896
0.601
0.004
0.47
Dropped
Reference
0.213
0.548
0.076
Reference
0.04
0.05

Adjusted r?

0.11
0.09
0.09
0.12
0.11
0.09

0.09
0.16
0.09
0.10
0.40
0.11

0.17

0.29

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. S was not significant in the
regression model D = o + BS. Standard
metaregression analysis using D as the dependent
variable was therefore performed. The following
variables were investigated: quality, age and
region. The results of the univariate regression
analysis are shown in Table 8. None of the items

investigated showed a significant association with
the DOR.

Protein
Only two studies with three data sets examined the
diagnostic accuracy of protein dipsticks.*>’> One
used culture as the reference standard*® and the
other used a combination of culture and
microscopy.”® Neither of these studies used an
appropriate spectrum of patients or adequately
reported the criteria used to select patients. Both
studies reported insufficient information to assess
the avoidance of review bias. Both studies found
that protein dipstick was a poor test for the
diagnosis of UTIL. Estimates of sensitivity were
particularly low, ranging from 8.1% (specificity
95.1%) to 53.3% (specificity 83.9%).

Glucose
Four studies with five data sets examined the
diagnostic accuracy of biochemical test strips for
glucose.’0 7199106 These test strips are not
currently commercially available. Currently

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.
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FIGURE 7 LE: study sensitivity and | — specificity plotted in ROC space

TABLE 8 Results of the regression analysis for LE dipstick

Variable B RDOR p-Value Adjusted r?
Spectrum composition 0 1.0 0.979 -0.08
Selection criteria 0.4 1.5 0.377 -0.01
Reference standard Dropped
Time 0 1.0 0.955 -0.08
Partial verification 0.9 25 0.44 -0.03
Differential verification Dropped
Incorporation Dropped
Test details -3 0.05 0.255 0.03
Reference standard details 0.6 1.8 0.364 -0.01
Test bias -0.2 0.8 0.729 -0.07
Review bias -0.2 0.8 0.775 -0.08
Clinical review bias 04 1.5 0.386 -0.01
Uninterpretable results -1 0.4 0.203 -0.06
Withdrawals Dropped
Age: < 2 years Reference 0.00
< 5 years 1.5 4.5 0.252
<l2years 3.2 24.5 0.247
<lI8years 0.2 1.2 0.782
Region: North America Reference -0.04
Europe -0.8 0.4 0.268
Other 0 1.0 0.939
available dipstick tests for glucose are designed to bacteriuria. A positive test was therefore denoted
detect abnormally high urinary glucose levels as the absence of colour change, the threshold for
(typically >100 mg dI™"), using a colour change at which was 2-3 mg dI"!. None of these studies used
this threshold. The test strips evaluated by studies an appropriate spectrum of patients or provided
in this section differentiated between normal an adequate description of patient selection
urinary glucose in an overnight fasting sample criteria. Three studies did not adequately describe

and low levels caused by the presence of the reference standard used to confirm diagnosis.
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FIGURE 8 Glucose: study sensitivity and | — specificity plotted in ROC space

One study provided estimates of test performance
for two different groups of children.’® The first
group of children were healthy newborns, whereas
the second group consisted of children with a
suspected UTI. Only the results from the second
group of children are included in the analysis as
these are more similar to the children included in
the other studies and are also more similar to the
children in whom the test will be used in practice.
All studies reported very high estimates of
specificity, ranging from 96.4 to 100%. Sensitivity
was also very high (over 98%) in three studies, but
was only 64% in the fourth study.*

Positive likelihood ratios ranged from 27.8
(LR-0.07) to 166.2 (LR- 0.02) with a pooled
estimate of 66.3 (95% CI 20.0 to 219.6). Negative
likelihood ratios ranged from 0.02 (LR+ 166.2
and 113.7) to 0.36 (LR+ 32.5), with a pooled
estimate of 0.07 (95% CI 0.01 to 0.83). However,
there was significant heterogeneity in both positive
and negative likelihood ratios (p<0.001) and so
the pooled estimates should be interpreted with
extreme caution. Figure § shows estimates of
sensitivity and 1 — specificity plotted in ROC
space. The median positive likelihood ratio was
73.1 (IQR 31.3-126.8) and the median negative
likelihood ration was 0.05 (IQR 0.02-0.15).

The only study to include an appropriate
spectrum of patients was the study that reported

a much lower sensitivity than the other

studies.?® Two of the other studies were conducted
in screening settings’"*? and one was conducted in
a high-risk group.'’® The study reporting a low
sensitivity was conducted in children aged less
than 1 year, whereas the other three studies were
conducted in children 3 years of age or more.
The studies were all conducted between 1968 and
1974, suggesting that this is a test that is not
currently in use for the diagnosis of UTI.
However, given the promising results from

studies further research in this area may prove
useful.

Blood

One study investigated the diagnostic accuracy of
dipstick tests for blood.*® The patient selection
criteria were inadequately reported, and
insufficient information was provided to
determine the appropriateness of the spectrum of
patients. Insufficient details were reported to
assess the avoidance of review bias. This study
reported two estimates of test performance; one
for visual examination of the results and one for a
subset of patients whose results were analysed
using an automated device. This study suggested
that dipstick for blood is not a useful tool for the
diagnosis of UTTI in children, with estimated
sensitivities of 25.4% and 53.3% for visual and
automated examination, respectively, and
specificities of around 85%.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

37



38

Results of the review

094 ® o o
08-e

0.7 1@ °
0.6

0.5

Sensitivity

0.4

0.3

0.2

0.1

0 T T
0 0.2 0.4

T
0.6 0.8 1.0

| — Specificity

FIGURE 9 LE or nitrite: study sensitivity and | — specificity plotted in ROC space

Combinations of two dipstick tests

LE or nitrite positive

Fifteen studies including a total of 20 data
sets examined the combination of LE and
nitrite tests, where a positive result from
either was taken as a positive test
result,39-47:53.74,78,81,84,101-103,109,111-113,230 T} 0
majority of these studies (11/15) did not use an
appropriate spectrum of patients, and two did not
adequately describe the criteria used to select
patients. Around two-thirds of studies did not
report whether or not those interpreting test
results were blinded to the results of other tests
(avoidance of test review bias). One study reported
results for the whole population and for a
subgroup of children aged less than 1 year.!"! As
results were very similar for both groups, only the
results for the total population were included in
the analysis. A second study also reported results
for the whole population and for a subgroup of
children aged less than 2 years. As with the
previous study, only results for the total population
were included in the analysis.'”® This second study
also reported results for two different cut-oft
points for LE in the total population: at least trace
LE and at least small LE. As most other studies
classed at least trace LE as positive only this test
evaluation was included in the analysis. A second
study by the same author also examined two cut-
off points for LE: at least trace and at least
moderate LE.'92 As before, only the results for at
least trace LE were included in the analysis. A

further study used dipstick tests produced by two
different manufacturers.!'? This study reported
very similar results for the two products. Only the
results for the Multistix test are included in the
analysis as this test was most commonly used by
other studies in this section.

The use of a combination test, where either a
positive LE or a positive nitrite denoted a positive
result, appeared to increase sensitivity and
decrease specificity compared with the results for
the individual dipstick tests. Sensitivity ranged
from 69.4% (specificity 78.5%) to 100% (specificity
88.4%). Specificity ranged from 69.2% (sensitivity
94.1%) to 97.8% (sensitivity 70%). The likelihood
ratios showed considerable heterogeneity

(p < 0.001). Positive likelihood ratios ranged from
3.0 (LR- 0.23) to 32.2 (LR- 3.1). Negative
likelihood ratios ranged from 0.03 (LR + 5.6) to
0.39 (LR+ 3.2). The pooled positive likelihood
ratio was 6.1 (95% CI 4.3 to 8.6) and the pooled
negative likelihood ratio was 0.20 (95% CI 0.16 to
0.26). Figure 9 shows sensitivity and 1 — specificity
plotted in ROC space.

The median positive likelihood ratio was 4.7 (IQR
3.2-10.6) and the median negative likelihood ratio
was 0.2 (IQR 0.1-0.3).

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. S was not significant in the
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TABLE 9 Results of the regression analysis for positive nitrite or LE dipstick

Variable B
Spectrum composition 1.2
Selection criteria -0.9
Reference standard

Time 0.1

Partial verification
Differential verification
Incorporation

Test details

Reference standard details 1.4

Test bias -0.7

Review bias -1

Clinical review bias -0.1

Uninterpretable results -0.9

Withdrawals

Region: North America
Europe -I.5

Other -0.6

regression model D = o + BS. Therefore,
standard metaregression analysis using D as the
dependent variable was performed. The following
variables were investigated: quality and region.
The results of the univariate regression analysis
are shown in Table 9. The only item to show a
significant association with D was spectrum
composition. The DOR was around three times
higher if an appropriate spectrum of patients was
included. The estimate of 7* increased from
around 0.01 to 0.32, suggesting that differences in
spectrum composition may have accounted for a
reasonable proportion, but not all, of the observed
heterogeneity.

LE and nitrite positive

Nine studies that included a total of 12 data sets
examined the combination of nitrite and LE
dipstick results, where a positive test from both
tests was taken as a positive test

result, 5362758384 10L103. 112,113 The majority of these
studies (7/9) either did not include an appropriate
spectrum of patients or reported insufficient
information to determine appropriateness; four
studies inadequately reported the criteria used to
select patients. The reference standard used to
confirm diagnosis was poorly described in five
studies. Less than half of the studies reported
sufficient information to assess the avoidance of
test review bias. Two studies presented results for
the whole population and also for an age-stratified
sample (aged <1 year and aged <2 years).!1:?3!
To avoid counting the same data twice, only the
results for the whole population were included in
the analysis. One study evaluated dipstick tests
from two different manufacturers.''* As this study

RDOR p-Value Adjusted r?
33 0.016 0.32
0.4 0.073 0.17
Dropped
1.1 0.879 -0.07
Dropped
Dropped
Dropped
Dropped
4.1 0.107 0.13
0.5 0.291 0.0l
0.4 0.408 -0.02
0.9 0.86 -0.07
0.4 0.333 0.00
Dropped
Reference 0.12
0.2 0.088
0.5 0.364

reported almost identical results for the two
products, only the results for the most commonly
studied test, Multistix, were included in the
analysis.

Sensitivity was generally low, ranging from 30%
(specificity 100%) to 89.2% (specificity 97.6%).
Specificity was higher, with all but one estimate
being over 90%, and ranged from 89.2%
(sensitivity 87%) to 100% (sensitivity 30-88%).
Negative likelihood ratios were statistically
heterogeneous (p<0.001). Positive likelihood ratios
were also heterogeneous, but to a lesser extent

(p = 0.037). Positive likelihood ratios ranged from
8.0 (LR- 0.15) to 197.1 (LR- 0.17). Negative
likelihood ratios ranged from 0.11 (LR+ 36.7) to
0.7 (LR+ 107.7). The pooled positive likelihood
ratio was 28.2 (95% CI 15.5 to 43.4) and the
pooled negative likelihood ratio was 0.37 (95% CI
0.26 to 0.52). Figure 10 shows sensitivity and

1 - specificity plotted in ROC space. The median
positive likelihood ratio was 36.7 (IQR 20.4-52.1)
and the median negative likelihood ratio was 0.2
(IQR 0.1-0.6).

Protein and LE positive

One study examined the diagnostic accuracy of a
positive LE and a positive protein dipstick.”
Insufficient information was reported to
determine the appropriateness of the spectrum of
patients or the avoidance of review bias. Both the
criteria used to select patients and the reference
standard used to confirm diagnosis were
inadequately described. This study reported a
sensitivity of 89.2% and a specificity of 97.6%,
suggesting that this combination may be a good
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FIGURE 10 LE and nitrite: study sensitivity and | — specificity plotted in ROC space

test for the diagnosis of UTI. However, it is
difficult to draw firm conclusions from only one
study.

Combinations of three dipstick tests

Five studies including a total of ten data sets
examined the diagnostic accuracy of various
combinations of three dipstick tests,*>75:112:252.233
Four studies each evaluated one combination of
tests (nitrite, blood or protein positive;45 nitrite,
blood or LE positive;49 nitrite, blood and LE
positive;*? nitrite, LE or protein positive''?) and
one combination was evaluated by two studies
(nitrite, LE and protein positive).”>!1? Only one
study included an appropriate spectrum of
patients, and three studies did not adequately
describe the criteria used to select patients. The
reference standard used to confirm diagnosis was
poorly described in two studies. Three studies
reported inadequate information to assess the
avoidance of review bias, and partial verification
bias was a problem in one study. With little
information available for each test combination it
is not possible to draw firm conclusions regarding
the utility of any of these testing strategies.
However, one test combination, that of nitrite, LE
and protein positive, did appear to be potentially
informative for the diagnosis of UTI. This
combination was evaluated by two studies.”!12
One study reported excellent test performance,
with a sensitivity of 96% and a specificity of 99%.

The second study reported less accurate results,
with a sensitivity of 89% and specificity of 72%.
Further investigation of this test combination is
needed.

Summary

It is difficult to draw conclusions about the
overall accuracy of dipstick tests given the
heterogeneity between studies in some areas and
the lack of data in others. There was insufficient

information to make any judgement regarding the

overall diagnostic accuracy of dipstick tests for
protein, blood or combinations of three diftferent
tests.

Figure 11 shows the estimates of sensitivity and
1 - specificity plotted in ROC space for all studies
that examined the diagnostic accuracy of tests for
glucose, and dipstick tests for nitrite and LE,
alone and in combination. Table 10 shows the
pooled likelihood ratios for the different
combinations of dipstick tests for LE and nitrite.
The graph and the pooled estimates for the
likelihood ratios suggest that glucose is
considerably better than the other tests, both for
ruling in disease and for ruling out disease.
However, the confidence intervals around the
pooled estimates are very large, especially for the
negative likelihood ratios (ruling out disease),
suggesting considerable uncertainty in these
estimates. It should also be noted that very few




Health Technology Assessment 2006; Vol. 10: No. 36

TABLE 10 Pooled likelihood ratios for dipstick tests

Dipstick

Nitrite

LE

Nitrite or LE positive
Nitrite and LE positive
Glucose

Pooled LR+ (95% CI)

15.9 (10.7 to 23.7)
5.5 (4.1 to 7.3)
6.1 (4.3 to 8.6)
28.2 (17.3 to 46.0)
66.3 (20.0 to 219.6)

Pooled LR- (95% CI)

0.51 (0.43 to 0.60)
0.26 (0.18 to 0.36)
0.20 (0.16 to 0.26)
0.37 (0.26 to 0.52)
0.07 (0.01 to 0.83)

¢ Nitrite
LE

087" o % AX X LE or nitrite
Xe X LE and nitrite
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FIGURE |1 Estimates of sensitivity and specificity for different dipstick tests plotted in ROC space

studies of glucose tests were available and that
they were all conducted over 30 years ago.

When looking at the dipstick tests for nitrite and
LE, although there is considerable heterogeneity
between studies, the data suggest that nitrite
combined with LE (both positive) has the highest
specificity and so may be useful for ruling in
disease. The pooled positive likelihood ratios are
highest for nitrite and LE combined, supporting
the suggestion that these may be useful tests for
ruling in disease. The negative likelihood ratio is
lowest for the combination of nitrite or LE positive
(i.e. both dipstick tests negative), suggesting that
this combination may be useful for ruling out
disease. A result of either test positive is not very
good either for ruling in or ruling out disease.

What do these results mean?

The results of studies of dipstick tests are
summarised in Table 11. As shown above, a

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

dipstick test positive for both LE and nitrite is best
for ruling in UTT and a test negative for both LE
and nitrite is best for ruling out UTI. An
indeterminate dipstick test result (positive for
either LE or nitrite, negative for the other)
provides very little useful diagnostic information.
The glucose test was also found to be very good
for both ruling in and ruling out UTI, but owing
to the limitations of the studies of this test these
results should be interpreted with caution.
However, what these results mean in practical
terms may not be immediately obvious. To
understand what these results mean, the easiest
measures to look at are the predictive values.

If one takes an estimate for the prevalence of UTI
in children presenting to their GP with symptoms
of possible UTT (the pretest probability of disease),
that is, children in whom tests for the diagnosis of
UTT are likely to be used, then the likelihood
ratios can be used to calculate the post-test
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LE or nitrite negative
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FIGURE 12 Likelihood ratio monogram for dipstick tests

probability of UTI. The reviewers were unable to
find reliable estimates of the pretest probability of
UTTI in the literature; therefore, the results from
the included studies were used to provide an
estimate of the pretest probability of UTI. Only
studies that included an appropriate patient
spectrum were included in this analysis. UTI
prevalence varied greatly between studies, ranging
from 3 to 73%. As the distribution was highly
skewed, the median, rather than the mean, UTI
prevalence was used, which was 20%. Figure 12
shows how the probability of UTT changes after
the test has been given to give a post-test
probability of disease in those with a positive and
those with a negative test result.

Figure 13 uses an example to illustrate this. It takes
a hypothetical 1000 children (numbers in italic)
presenting to their GP with symptoms of UTI
receiving a dipstick test for LE and nitrite. Based
on the data from studies included in the review, on
average, 110 would test positive for both LE and
nitrite, 110 would test positive for LE or nitrite
and negative for the other, and 780 would test
negative for both LE and nitrite. Of the children
testing positive for both LE and nitrite, 96 would

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

have a UTT and 14 would not. Of the children
testing negative for both LE and nitrite, 741
would not have a UTI and 39 would. Of those
with an indeterminate test result (positive for
either LE or nitrite), 65 would have a UTI and 45
would not. These numbers are calculated
assuming a pretest probability of disease of 20%, a
positive likelihood ratio of 28.2 and a negative
likelihood ratio of 0.2.

Microscopy

A total of 39 studies reporting 101 data sets
examined the accuracy of microscopy for
diagnosing UTI. Microscopy was used for evidence
of pyuria or bacteriuria, or combinations of the
two. One study did not specify what microscopy
parameter was used as the index test.*” This study
is not discussed further, but the results are
recorded in Table 17. Some studies used standard
microscopy, whereas others used automated
microscopy. Culture was used as the reference
standard in all studies, although different cut-off
points were used to define a culture-positive result.
One study used culture and microscopy as the
reference standard,'®® where both tests were
required to be positive to define positive UTTI.

47
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1000

LR+ = 28.2

LE and nitrite
positive

Child presenting to
GP with symptoms
of UTI

A4

One positive

Pretest = 20%

LR- =102

LE and nitrite

negative

PPV = 84%
uTI 79
NoUTI | 15
126 UTI 82
No UTI | 44
780 uTI 39

No UTI | 741
NPV = 95%

FIGURE 13 Flowchart of an example of 1000 children being tested with dipstick for LE and nitrite. NPV, negative predictive value;

PPV, positive predictive value.

Pyuria

Twenty-seven studies reporting 49 data sets
examined the microscopic detection of

pyUria, 39:41:42.47,48.,53,54,60.62,65-6776,77.81,85,87,92,04,97.98,
100.102,109-111.230 Oy half of these studies included
an appropriate spectrum of patients, and ten
studies did not provide adequate description of
the criteria used to select patients. The majority of
the studies (25/28) did not report sufficient
information to assess the avoidance of test review
bias, and differential verification bias was a
problem in one study. Approximately one-third of
studies did not provide adequate descriptions of
the index test and/or the reference standard. One
study reported results stratified according to age,*!
a second reported results stratified according to
age and antibiotic use,'”” and a third stratified
results according to whether the urine sample was
an early- or a late-stream sample.’® As other
studies did not make this distinction, the results
from the subgroups were pooled to give an overall
result for each test comparison from these studies.
Several studies reported results for different cut-
off points. H148.53.5465,76.7785.92. 04111 Ty breveng
counting the same data twice, only one estimate
from each of these studies was included in the
analysis. Where possible, evaluations that reported
a cut-off point of 10 WBC per high-power field
(hpf) or per mm?, the cut-off most commonly used

by studies in this section, were retained. If studies
did not report a result for this cut-off point then
the evaluation with the most commonly reported
alternative cut-off point was retained. One study
reported results for three different methods of
urine collection (all children had urine collected
by all three methods).® The results were very
similar for all three sampling methods. The
evaluation retained in the analysis was that
conducted on the SPA urine sample, as this is the
accepted reference standard for urine sampling.

Sensitivity ranged from 36.6% (specificity 93%) to
96% (specificity 96%). Specificity ranged from
31.5% (sensitivity 89.4%) to 100% (sensitivity 50%).

Likelihood ratios showed considerable
heterogeneity (p < 0.001). Positive likelihood
ratios ranged from 1.3 (LR- 0.33) to 27.7

(LR- 0.09). Negative likelihood ratios ranged from
0.04 (LR+ 24.0) to 0.68 (LR+ 5.3). The pooled
positive likelihood ratio was 5.9 (95% CI 4.1 to
8.5) and the pooled negative likelihood ratio was
0.27 (95% CI 0.20 to 0.37). Figure 14 shows the
estimates of sensitivity and 1 — specificity plotted
in ROC space. This plot suggests that the
considerable heterogeneity between studies is not
just the result of different cut-off values, but is
likely to be caused by other factors. Possible
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FIGURE 14 Pyuria: study sensitivity and | — specificity plotted in ROC space
explanations for the observed heterogeneity are bacteriuria,10-42:47.53.54,60,66,69,79-82,85,87,93,94,97,102,

discussed below. The median positive likelihood
ratio was 6.2 (IQR 4.0-12.4) and the median
negative likelihood ratio was 0.24 (IQR 0.17-0.47).

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. The regression model D = a + BS
was extended to include variables for quality, age,
region and whether samples were centrifuged. The
results of the univariate regression analyses are
shown in Table 12. The following items showed a
significant association with D: centrifugation of the
sample, description of selection criteria, test bias,
review bias, description of study withdrawals and
age. A stepwise multivariate regression analysis was
then conducted (Table 13). Only two items
remained significant in this analysis:
centrifugation of the sample and the reporting of
selection criteria. The DOR was 0.2 times less in
centrifuged samples compared to non-centrifuged
samples and was 3.3 times greater in studies that
provided an adequate description of selection
criteria.

Bacteriuria

Twenty-two studies reporting 34 data sets
evaluated microscopic detection of

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

107.108.111.230 Aphroximately half of theses studies
did not include an appropriate spectrum of
patients, and eight studies did not provide an
adequate description of the criteria used to select
participants. Only four studies reported whether
or not investigators interpreting test results were
blinded to the results of other tests (avoidance of
test review bias), and differential verification bias
and incorporation bias were problems in one study
each. Approximately one-third of studies did not
provide adequate descriptions of the index test
and/or the reference standard. One study stratified
results according to whether the urine was an
early- or a late-stream catheter sample.’* As other
studies did not make this distinction, these data
were pooled to give an overall result for each test
comparison. This resulted in two data sets, one for
microscopy of centrifuged unstained urine, and
one for microscopy of uncentrifuged Gram-stained
urine. The latter was used in all further analyses,
as this method was most frequently used in other
studies. One further study reported results for
both centrifuged and uncentrifuged Gram-stained
urine;®” again, the data for uncentrifuged Gram-
stained urine were used in further analyses. Four

studies reported results using different cut-off
points 94102.107.111
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TABLE 12 Results of the regression analysis for microscopy for pyuria

Variable B
Centrifuged -1.4
Spectrum composition -0.2
Selection criteria 0.9
Reference standard

Time

Partial verification

Differential verification -0.3
Incorporation

Test details 0.7
Reference standard details 1.3
Test bias 1.6
Review bias 1.7

Clinical review bias =
Uninterpretable results 1.1

Withdrawals I

Age: < 2 years

<5years -23

<l|2years -2.6

<I8years 1.7
Region: North America

Europe —I.1

Asia  -0.6

Other -I.7

RDOR, relative diagnostic odds ratio.

TABLE |3 Results of the multivariate regression analysis for microscopy for pyuria

Variable Coefficient
S -0.2
Centrifuged -1.7
Selection 1.2
Constant 2.8

Where possible, evaluations that reported a cut-off
point of ‘any bacteria’ (the cut-off most commonly
used by studies in this section) were retained. If
studies did not report a result for this cut-oft point
then the evaluation with the most commonly
reported alternative cut-off point was retained.
One study reported results for acridine orange
stain using both diluted and undiluted urine. The
results using undiluted urine were included in
further analyses.®?

Sensitivity ranged from 52.4% (specificity 98.7%)
to 100% (specificity 98.1%). Specificity ranged
from 40% (sensitivity 93.1%) to 99.7% (sensitivity
95.8%). Likelihood ratios showed considerably
heterogeneity (p < 0.001). Positive likelihood
ratios ranged from 1.6 (LR- 0.17) to 304.8

(LR- 0.04). Negative likelihood ratios ranged from
0.01 (LR+ 3.4) to 0.48 (LR+ 39.5). The pooled

RDOR p-Value Adjusted r?
0.2 0.005 0.46
0.8 0.59 0.26
2.5 0.057 0.36
0.7 0.895 0.26
2.0 0.371 0.28
3.7 0.089 0.34
5.0 0.008 0.44
5.5 0.005 0.46
0.4 0.153 0.31
3.0 0.062 0.35
2.7 0.059 0.36
0.56
0.1 0.004
0.1 0.001
0.2 0.001
0.30
0.3 0.19
0.5 0.646
0.2 0.09
RDOR p-Value Adijusted r?
0.8 0.047 0.64
0.2 <0.0l
3.3 0.001
16.4 <0.01

positive likelihood ratio was 14.7 (95% CI 8.7 to
24.9) and the pooled negative likelihood ratio was
0.19 (95% CI 0.14 to 0.24). Figure 15 shows the
estimates of sensitivity and 1 — specificity plotted
in ROC space. This plot suggests that although
different cut-off points may account for some of
the heterogeneity in estimates of sensitivity and
specificity, it is likely that other factors may be
contributing to differences in estimates of test
performance. The median positive likelihood ratio
was 22.9 (IQR 5.5-46.3) and the median negative
likelihood ratio was 0.19 (IQR 0.06-0.24).

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. S was not significant in the
regression model D = o + BS. Therefore, standard
metaregression analysis using D as the dependent
variable was performed. The following variables
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FIGURE 15 Bacteriuria: study sensitivity and | — specificity plotted in ROC space

were investigated: quality, age, region, whether
samples were centrifuged and whether samples
were Gram stained. The results of the univariate
regression analyses are shown in 7able 14. Gram
stain and incorporation bias showed a significant
association with D in the univariate analyses. Both
items remained significant in the multivariate
model (1able 15). The DOR was 5.5 times greater
in samples that were Gram stained. In studies in
which incorporation bias was not present, the
DOR was 100 times greater than in studies in
which it was a possibility.

Combinations of two microscopy tests

Presence of pyuria or bacteriuria

Eight studies reporting a total of ten data sets
examined the combination of pyuria and
bacteriuria, where a positive result from either test
was taken as a positive result for
UTIL47:60.67.7881,102.103.230 \ore than half of these
studies (5/8) did not include an appropriate
spectrum of patients, and two further studies did
not provide an adequate description of the criteria
used to select participants. The majority of studies
(6/8) did not report sufficient information to assess
the avoidance of test review bias, and differential
verification bias was a problem in one study. One
study reported results for all children and for
children aged less than 2 years.!”® This study also
reported results for two separate definitions of a

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

positive index test: at least 5 WBC hpf™ or few
bacteria, and at least 10 WBC hpf‘l or moderate
bacteria. Data for all children, using the cut-off
point of at least 10 WBC hpf™' or moderate
bacteria, were retained for further analysis.
Although thresholds of 10 and 5 WBC hpf™ were
equally used by studies in this group, 10 WBC
hpf™ was the most common cut-off for studies of
pyuria in general.

Sensitivity ranged from 75% (specificity 92.9%) to
100% (specificity 32.3%). Specificity ranged from
32.3% (sensitivity 100%) to 92.9% (sensitivity
75%). Likelihood ratios showed considerable
heterogeneity (p<0.001). Positive likelihood ratios
ranged from 1.5 (LR- 0.05) to 12.9 (LR- 0.05).
Negative likelihood ratios ranged from 0.02

(LR+ 2.8) to 0.27 (LR+ 4.1 and 10.5). The
pooled positive likelihood ratio was 4.2 (95% CI
2.3 to 7.6) and the pooled negative likelihood
ratio was 0.11 (95% CI 0.05 to 0.23). Figure 16
shows the estimates of sensitivity and 1 — specificity
plotted in ROC space. This plot suggests that the
considerable heterogeneity between studies is not
just the result of different cut-oft values but is
likely to be caused by other factors. No outliers
were obvious from the ROC plot. The median
positive likelihood ratio was 3.7 (IQR 2.7-7.1) and
the median negative likelihood ratio was 0.08
(IQR 0.05-0.19).
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TABLE 14 Results of the regression analysis for microscopy for bacteriuria

Variable B
Centrifuged —I
Gram stain 1.3
Spectrum 0.6
Selection 0.8
Reference standard
Time -2.6
Partial verification bias
Differential verification bias -0.4
Incorporation bias =-3.1
Test details 1.3
Reference details 1.4
Test bias 04
Review bias 1.2
Clinical review bias -0.2
Uninterpretable results 0.7
Withdrawals 0.7
Region: North America
Europe -0.7
Asia 04
Other 04
Age: <2 years
<5S5years -I.5

<l2years -04
<l|8years -05

TABLE 15 Results of the multivariate regression analysis for microscopy for bacteriuria

Variable Coefficient
Gram stain 1.7
Incorporation bias —4.4
Constant 8.1

There were insufficient studies to investigate
heterogeneity using regression analysis. The

studies were reasonably similar in terms of quality.

Five of the eight studies did not include an
appropriate patient spectrum, but this did not
appear to have consistent effect on test
performance.*767.7881.230 Djifferential verification
bias may have been a problem in one of the
studies.”

Presence of pyuria and bacteriuria

Eight studies reporting a total of ten data sets
evaluated the combination of pyuria and
bacteriuria, where a positive result for both tests
was taken as a positive result for
UTTI.52:00.67-69.85.102.103 The majority (6/8) of these
studies included an appropriate spectrum of
patients. However, half of the studies did not
adequately report the criteria used to select
participants. The majority of studies (6/8) did not
report sufficient information to assess the

RDOR p-Value Adjusted r?
0.4 0.179 0.04
3.7 0.014 0.23
1.8 0.247 0.02
22 0.14 0.06
Dropped
0.1 0.188 0.04
Dropped
0.7 0.857 -0.05
0.0 0.049 0.14
3.7 0.125 0.07
4.1 0.106 0.08
1.5 0.559 -0.03
33 0.08 0.1
0.8 0.829 -0.05
2.0 0.213 0.03
2.0 0.226 0.03
Reference -0.03
0.5 0.278
1.5 0.715
1.5 0.555
Reference -0.03
0.2 0.154
0.7 0.494
0.6 0.453
RDOR p-Value Adijusted r?
55 <0.0l 0.55
0.0l 0.001
3294.5 <0.0l

avoidance of test review bias, and differential

verification bias was a problem in one study. One
study reported results for all children and for
children aged less than 2 years.!" In this case only
data for all children were retained and used for
further analyses. Another study reported separate
data for centrifuged and uncentrifuged Gram-
stained urine samples; cut-off values used were at
least 5 WBC hpf™! and any bacteria, and at least
10 WBC mm™, respectively.®® Data for
uncentrifuged Gram-stained urine, using the cut-
off at least 10 WBC mm™, were retained as these
data were most similar to other studies in the

group.

Sensitivity ranged from 46.7% (specificity 96%) to
93.1% (specificity 97.7%). Specificity ranged from
73.6% (sensitivity 70.8%) to 99.7% (sensitivity
84.4%). Likelihood ratios showed considerable
heterogeneity (p<0.001). Positive likelihood ratios
ranged from 2.7 (LR- 0.04) to 281 (LR- 0.16).
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FIGURE 16 Pyuria or bacteriuria: study sensitivity and | — specificity plotted in ROC space
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FIGURE 17 Pyuria and bacteriuria: study sensitivity and | — specificity plotted in ROC space

Negative likelihood ratios ranged from 0.07

(LR+ 41) to 0.56 (LR+ 11.6). The pooled positive
likelihood ratio was 37.0 (95% CI 10.9 to 125.9)
and the pooled negative likelihood ratio was 0.21
(95% CI 0.13 to 0.36). Figure 17 shows the
estimates of sensitivity and 1 — specificity plotted

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

in ROC space. This plot suggests that the
considerable heterogeneity between studies is not
just the result of different cut-oft values, but is
likely to be caused by other factors. The plot
indicated two apparent outliers.”®!% These studies
did not appear to differ from the other studies in
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FIGURE 18 Sensitivity and specificity plotted in ROC space for the different microscopy evaluations

terms of quality or other factors.’*!*> The median
positive likelihood ratio was 57.4 (IQR 28.6-94.2)
and the median negative likelihood ratio was 0.21
(IQR 0.12-0.34).

There were insufficient studies to investigate
heterogeneity using regression analysis. Six of the
eight studies included an appropriate spectrum of
patients ’%00:69.85.102.103 This did not appear to be
related to test performance. Differential
verification bias may have been a problem in one
study.®” With this exception, study quality was
reasonable in all studies.

Summary

Given the heterogeneity between studies within
groups and the lack of data for combinations of
tests, it is difficult to draw overall conclusions
about the utility of microscopy techniques for the
diagnosis of UTL.

Figure 18 shows the estimates of sensitivity and

1 — specificity plotted in ROC space for all studies
that evaluated the diagnostic accuracy of
microscopic examinations for pyuria and
bacteriuria, alone and in combination. This graph
suggests that bacteriuria is considerably better
than pyuria for ruling out disease and ruling in
disease. The diagnostic performance of bacteriuria
may be improved when combined with pyuria
(both tests had to be positive to be defined as

having a positive result). However, the confidence
intervals around the pooled estimates are large,
suggesting considerable uncertainty in these
estimates. This is supported by the data in

Table 16, that shows the pooled likelihood ratios
for the different combinations of microscopy tests
for pyuria and bacteriuria.

The pooled positive likelihood ratios are highest
for pyuria and bacteriuria combined, supporting
the suggestion that the combination of a positive
result for both of these tests may be useful for
ruling in disease. Pyuria alone, however, has a
relatively poor positive likelihood ratio compared
with bacteriuria alone or the two tests in
combination, suggesting that it alone is not a
useful test for ruling in disease. Both pyuria and
bacteriuria, as well as the combination of both
tests positive, have relatively poor negative
likelihood ratios, suggesting that negative test
results from these options are not useful for ruling
out disease. The lowest likelihood ratio resulted
from the combination of pyuria and bacteriuria,
where a negative result was defined as both tests
negative, and this may be useful for ruling out
disease.

What do these results mean?

The results of studies of microscopy are
summarised in Table 17. The results above indicate
that a positive test for both pyuria and bacteriuria
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TABLE 16 Pooled likelihood ratios for microscopy

Dipstick Pooled LR+ (95% ClI) Pooled LR- (95% ClI)
Pyuria 5.9 (4.1 to 8.5) 0.27 (0.20 to 0.37)
Bacteriuria 14.7 (8.6 to 24.9) 0.19 (0.14 to 0.24)

Pyuria or bacteriuria positive
Pyuria and bacteriuria positive

42 (23 t0 7.6)
37.0 (11.0 to 125.9)

0.11 (0.05 to 0.23)
0.21 (0.13 to 0.36)

ol + - 99
02 + - 98
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Pretest Likelihood Post-test
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------------- Pyuria and bacteriuria positive
--------- Pyuria or bacteriuria positive
Pyuria or bacteriuria negative

........... Pyuria and bacteriuria negative

FIGURE 19 Likelihood ratio monogram for microscopy

is the best option for ruling in UTI using
microscopy, while a negative result for both pyuria
and bacteriuria is best for ruling out UTI. A result
positive for either pyuria or bacteriuria, and
negative for the other, may be seen as an
indeterminate test result. To help to understand
what these results mean, an estimate of the pretest
probability of UTT and the likelihood ratios were
used to calculate the post-test probability of UTI.
The same estimate of the pretest probability of
UTI was used as for the dipstick tests: 20%.

Figure 19 shows how the probability of UTI
changes after the test has been given to give a
post-test probability of disease in those with
positive and negative test results.

Figure 20 uses an example to illustrate this. It takes
a hypothetical group of 1000 children (numbers in

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

italic) presenting to their GP with symptoms of
UTI, receiving microscopy for pyuria and
bacteriuria. Based on the data from studies
included in the review, on average, 70 would test
positive for both pyuria and bacteriuria, 140
would test positive for pyuria or bacteriuria and
negative for the other, and 790 would test negative
for both pyuria and bacteriuria. Of the children
testing positive for both pyuria and bacteriuria, 63
would have a UTT and seven would not. Of the
children testing negative for both pyuria and
bacteriuria, 774 would not have a UTT and 16
would. Of those with an indeterminate test result
(positive for pyuria or bacteriuria), 121 would
have a UTI and 19 would not. Thus, quite a high
proportion of these children would have a UTI
and so in practice a positive result for either
pyuria or bacteriuria could be treated similarly to
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No UTI 7
140 uTI 121
No UTI 19
UTI 16
No UTI 774
NPV = 98%

FIGURE 20 Flow chart of an example of 100 children being tested with dipstick for pyuria and bacteriuria

a positive result for both pyuria and bacteriuria.
These numbers are calculated assuming a pretest
probability of disease of 20%, a positive likelihood
ratio of 40.1 and a negative likelihood ratio of 0.1.

Culture

Nine studies evaluated the accuracy of culture for
the diagnosis of UTT#50:59.63.86.88,89.96.108 (551, 18).
Eight studies examined dipslide cultures and one
compared standard culture with a reference
standard of microscopy and culture combined.
This study found that culture was 100% sensitive
and 93% specific.'®

The eight studies that evaluated dipslide culture
included a total of 11 data sets. Studies of this
type were generally of poor quality and were
poorly reported. Six of these studies did not use
an appropriate spectrum of patients and six did
not report the criteria used to select participants.
Six studies did not provide an adequate
description of the index test and/or the reference
standard. The majority of studies (6/8) did not
report sufficient information to assess avoidance of
test review bias. Differential verification bias was a
problem in three studies, and disease progression
bias was also a problem in one of these. One study
evaluated two different dipslide tests,*® one
examined results at 4 and 9 hours post-
inoculation,® and one presented two analyses of

the same results. In the latter study unsatisfactory
samples were excluded in one analysis and in the
other they were classed as negative.”® The study
that evaluated culture results after 4 and 9 hours
reported a very low sensitivity of 18.6% after

4 hours. Therefore, only the results after 9 hours
were included in the analysis. The reference
standard in all studies was laboratory-based
culture, and the cut-off point for a positive test
result was 10° cfu ml™!, based on the seven studies
that provided this information.

Sensitivity ranged from 56.3% (specificity 96.5%)
to 100% (specificity 91.8%). Specificity ranged
from 70.7% (sensitivity 77.8%) to 100% (sensitivity
83.3%). The positive likelihood ratios ranged from
2.7 (LR-0.31) to 135.4 (LR- 0.17). Negative
likelihood ratios ranged from 0.02 (LR+ 12.18) to
0.46 (LR+ 7.8). There was considerable statistical
heterogeneity in both positive and negative
likelihood ratios (p < 0.0001). The pooled positive
likelihood ratio was 14.6 (95% CI 6.7 to 31.8) and
the pooled negative likelihood ratio was 0.23

(95% CI 0.14 to 0.39). However, these estimates
should be interpreted with some degree of caution
owing to the significant heterogeneity present.
Figure 21 shows the results from these studies
plotted in ROC space. This shows the considerable
heterogeneity across all studies with no clear
outliers. Six studies are clustered towards the
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FIGURE 21 Culture: study sensitivity and | — specificity plotted in ROC space

upper left-hand corner of the graph suggesting
a good diagnostic performance. The other
three studies suggested poorer diagnostic
performance.**5%:9

There were not enough studies to conduct a
regression analysis to investigate possible
explanations for the observed heterogeneity. The
median positive likelihood ratio was 20.2

(IQR 8.9 -38.9). The median negative likelihood
ratio was 0.2 (IQR 0.12-0.30).

In general, the studies were of relatively poor
quality. Only two studies included an appropriate
patient spectrum,’®® and in one the selection
criteria were not clearly described.® Of the studies
that did not include an appropriate spectrum of
patients, three involved population
screening,®%%% three did not select patients on
the basis of suspected UTI?®#%108 and one
provided no details.** In two studies it was unclear
whether the reference standard used was
appropriate.’®%® Differential verification bias may
have been a problem in both these studies and in
one additional study.?® Disease progression bias
may also have been a problem in these three
studies. There were no apparent differences
between the studies that reported a good
diagnostic performance of dipslide culture and
those in which performance was poorer.

Other tests

Six studies examined other tests for the diagnosis
of UTI?*76:83.85.90.109 (ypl, 19). Studies of this type
were generally of poor quality and were poorly
reported. Only one study used an appropriate
spectrum of patients, and reported the criteria
used to select study participants. Two studies
provided adequate descriptions of both the index
test and the reference standard. No study in this
category reported sufficient information to assess
the avoidance of test review bias. A study
published in 1968 examined the triphenyl-
tetrazolium chloride (TTC) reduction test and the
Greiss nitrate reduction test.”” One study
evaluated three laboratory-based blood tests for
the diagnosis of UTL.”® This study examined
peripheral WBC levels, ESR and CRP levels. All
were found to be fairly poor tests for the diagnosis
of UTI. Other tests investigated included
FiltraCheck-UTI™ for bacteriuria,* quantitative
estimation of proteinuria®® and Uriscreen™ test
for catalase.””!% FiltraCheck-UTI and quantitative
estimation of proteinuria both reported
sensitivities and specificities of around 80%. The
two studies of Uriscreen reported contrasting
results. While one study'’” reported a sensitivity of
100% (specificity 69%), the other reported a
sensitivity of only 65% (specificity 86%).” The cut-
oft point was the same in these two studies; thus,
this cannot account for the observed differences.
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Owing to the very small number of studies that
examined these tests there was insufficient
information to judge how useful these may be in
the diagnosis of UTI.

Combinations of tests from different
categories

Ten studies including a total of 20 data sets
examined the accuracy of different

combinations of tests for the diagnosis of
UTL39-43:47.52,60,74,80.81,85.102 [141f of these studies
did not include an appropriate spectrum of
patients, and a further three did not report the
criteria used to select participants. The majority of
the studies (8/10) did not report sufficient
information to assess the avoidance of test review
bias, and one of these also did not report sufficient
information to assess avoidance of disease
progression and partial verification bias;
differential verification bias was a problem in one
study. Given the results of individual tests, the test
combinations that appear to be potentially the
most interesting are dipstick for LE, and nitrite
and microscopy for pyuria and bacteriuria. Five
studies investigated different permutations of these
tests. 2478081102 Three studies evaluated the
accuracy of a positive result in one of these four
tests (i.e. dipstick positive for LE or nitrite or
microscopy positive for pyuria or
bacteriuria).*>*7192 The results varied considerably
between studies with sensitivity ranging from 67 to
100% and specificity from 3 to 87%. It is therefore
not possible to draw overall conclusions from these
studies. One study examined the combination of a
positive result for all four tests.'”? This study
reported an excellent specificity of 98%; that is, the
combination was found to be very good for ruling
in disease, but sensitivity was less good at 73%.
This result might be expected, given the results
from the studies that examined combinations of
dipstick tests or combinations of microscopy tests.

The other test combinations evaluated by these
studies differed widely, and none was repeated
between studies. Test combinations investigated
included combinations of microscopy (for pyuria
and bacteriuria), dipstick tests (for LE, nitrite and
blood), visual examination and quantitative
estimation of proteinuria. As each test was only
evaluated by one study it was not possible to draw
conclusions regarding the diagnostic accuracy of
these test combinations. The results of these
studies are presented in Table 20.

Comparison of different tests
The results suggest that the best tests for ruling in
disease were dipstick positive for nitrite and LE or

microscopy positive for bacteriuria and pyuria.
Conversely, the best tests for ruling out disease
were dipstick negative for nitrite and LE or
microscopy negative for bacteriuria and pyuria.
Comparison of the pooled likelihood ratios of
these tests suggests that the microscopy
combinations were more accurate than the dipstick
combinations. Further analysis was conducted to
investigate the statistical significance of this
difference.

Only one study evaluated both dipstick positive for
nitrite and LE and microscopy positive for
bacteriuria and pyuria.'”® This study found that
the dipstick combination was best for ruling in
disease: it found a higher positive likelihood ratio
for dipstick positive for LE and nitrite than for
microscopy positive for bacteriuria and pyuria
(18.9 versus 11.6). Five studies examined dipstick
negative for nitrite and LE and microscopy
negative for both pyuria and

bacteriuria. 7881102103 Al but one of these
studies found that microscopy negative for pyuria
and bacteriuria was better for ruling out disease
than dipstick negative for nitrite and LE. The one
study that found that the dipstick combination was
better for ruling out disease reported very similar
negative likelihood ratios for both test
combinations.'® The statistical significance of
these differences was not formally assessed.

Accuracy of tests used for the
further investigation of UTI

A total of 105 studies that evaluated the diagnostic
accuracy of tests for the further investigation of
UTI met the inclusion criteria. These included
215 test evaluations, investigating tests for the
localisation of UTI, detection of reflux, prediction
and detection of renal scarring, and detection of
anatomical abnormalities.

Localisation of UTI

Thirty-seven studies reporting 82 data sets
evaluated the diagnostic accuracy of tests for the
localisation of UTI. Of the studies included in this
section, 22 used acute ™ Tc-DMSA renal
scintigraphy as the reference standard.

Clinical

Five studies assessed the utility of various clinical
features for the localisation of UTI.125129:140,143,168
Two of these studies did not include an
appropriate spectrum of patients. Three studies
did not report sufficient information to assess the
avoidance of disease progression bias, and three
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did not report sufficient information to assess
avoidance of review bias.

Two studies examined the accuracy of body
temperature for the diagnosis of acute
pylonephritis (APN). Both used 9mTe-DMSA renal
scintigraphy as the reference standard.'?>!*® Test
performance was poor in both studies, with one
reporting a sensitivity of 64% and a specificity of
40%, and the other reporting a sensitivity of 87%
and a specificity of 64% for cut-off points of
39.1°C and 38°C, respectively.

Two studies evaluated the diagnostic accuracy of
symptoms of APN; both used 99mTE DMSA renal
scintigraphy as the reference standard.!'?%14
These found relatively poor sensitivities of 57%
and 71%,'?? which corresponded to 100%
specificity in both studies. Both were of reasonable
quality, although one did not include an
appropriate spectrum of patients."*’ One study
assessed the presence of physical symptoms or
positive laboratory findings for the diagnosis of
APN.'%® This study also used *™Tc-DMSA renal
scintigraphy as the reference standard. Sensitivity
was higher in this study at 98%, but specificity was
only 33%. In general, the clinical features used
and the methods of determination were too
diverse and poorly described to allow any
conclusions to be drawn regarding the value of
clinical examination in making a diagnosis of
APN.

140

Laboratory-based tests

Approximately one-third of all studies in this
category did not include an appropriate spectrum
of patients, and a similar number did not report
the criteria used to select participants. One-third
of studies did not use an appropriate reference
standard to confirm diagnosis, or did not report
sufficient detail to judge this. Half of all studies in
this section did not report sufficient information
to assess avoidance of disease progression bias,
and half of studies did not report sufficient
information to assess avoidance of test review bias.
Less than half of the studies (7/16) adequately
described both the index test and the reference
standard. The accuracy of circulatory CRP for
diagnosing APN, at various concentrations, was
assessed in seven studies.!?5:129:143.145.146.204.208 7jj
of these studies used acute *™Tc-DMSA renal
scintigraphy as the reference standard. Three
studies used a concentration of 20 mg ml™! to
define a positive result;' %2029 a]] reported high
sensitivity (above 85%), but poor specificity
(between 19 and 60%). The remaining studies of
CRP used widely varying definitions of a positive

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

result (20 pg 1! to 880 mg I"!) and generally
reported poor diagnostic performance. For higher
concentrations, sensitivity ranged from 65 to 70%
and specificity from 55 to 68%. One study'*” using
a very low concentration of 20 pg I"! to define a
positive result reported a specificity of 100%;
however, sensitivity was very poor at 14%.

Other laboratory analytes evaluated were BoM,
N-acetyl-B-glucosaminidase NAG, NAG/creatinine
ratio, PCT, polymorphonuclearelastase-o;-
antitrypsin complex and urinary a;-microglobulin/
creatinine ratio. Given the small number of studies
using each analyte, along with the diverse
methodologies and cut-off points, it is not possible
to draw any conclusions regarding the utility of
these tests in making the diagnosis of APN.

ESR, immunofluorescent detection of bacteria and
various microscopic evaluations were also assessed
for the diagnosis of APN. Again, the small number
of studies using each test, and variety of test
methods and reference standard tests used, make
it impossible to reach conclusions on the potential
utility of these tests.

Ultrasound
The primary imaging technique evaluated for the
diagnosis of APN was ultrasound. The diagnostic

accuracy of ultrasound was assessed in 20
studies, 116:121,125-127,134,146,148,150,155-157,160,166,169,177,

183.201,205.211 Renal scintigraphy was the reference

standard in 18 of these studies,!!6:121125-127.146.
148,150,155-157,160,166,169,177,183,201,205 | 2o} - it
99m T DMSA used in 14 of these. Of the 18
ultrasound studies that used an appropriate
reference standard, ten did not use an apgropriate
spectrum of patients,!16:121127.148.150.155-157,177,183
and four did not describe the criteria used to
select patients. 10126148201 Oy six studies
provided an adequate description of both the
index test and the reference
standard.!21:150:155.160.169.185 Fleven studies did not
report sufficient information to assess avoidance of
test review bias, 116-127.146,148,150,156,157,166,160,201,205
and six did not report sufficient information to
assess avoidance of disease progression
bias,116:125:146.195.177.201 The remaining two
evaluations of ultrasound techniques used
inappropriate reference standard tests of clinical
and laboratory diagnosis of APN*'! and computed
tomography (CT)."** These studies are not
considered in the analysis below.

One study'?! reported data separately for different
age groups and for first or multiple UTI. To
prevent the same population being included more
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FIGURE 22 Ultrasound for the localisation of UTI: study sensitivity and | — specificity plotted in ROC space

than once, the combined results for the whole
population (all age groups, first or multiple UTT)
were used for further analyses. A second study'%
reported data by patient and renal unit; the
patient data were used as these were considered
more relevant to the issue of localisation of UTI
and were used by the majority of the other studies
in this group. A further study'®” reported data
using both standard and Doppler ultrasound
techniques. The data for standard ultrasound were
used for further analyses as this was the method
used by the majority of other studies in this group.

In the 18 studies using ultrasound techniques with
renal scintigraphy as the reference standard,
sensitivity was generally found to be poor, with
relatively high specificity. Sensitivity ranged from
9.2% (specificity 100%) to 93.6% (specificity 50%).
However, all but three of the studies reported
sensitivities below 60%. Specificity ranged from
50% (sensitivity 93.6%) to 100% (sensitivity
9.2-50%); all but four estimates of specificity were
above 80%. Likelihood ratios showed considerable
heterogeneity (p < 0.0001). Positive likelihood
ratios ranged from 1.6 (LR- 0.68) to 55.0

(LR- 0.50). Negative likelihood ratios ranged from
0.10 (LR+ 2.5) to 0.91 (LR+ 12.7). The pooled
positive likelihood ratio was 3.11 (95% CI 2.3 to
4.3) and the pooled negative likelihood ratio was
0.62 (95% CI 0.53 to 0.73). These estimates
should be interpreted with extreme caution owing
to the significant heterogeneity present. Figure 22

shows estimates of sensitivity and 1 — specificity
plotted in ROC space. The median positive
likelihood ratio was 5.3 (IQR 2.4-9.3) and the
median negative likelihood ratio was 0.66

(IQR 0.51-0.76). This ROC plot shows
considerable heterogeneity between studies but
overall suggests that ultrasound is a poor test for
the localisation of UTT.

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. The regression model D = a + BS
was extended to include variables for quality
items, age, region and study design. The results of
the univariate regression analysis are shown in
Table 21. None of the items investigated showed a
significant association with D in this analysis.

MCUG

Seven studies evaluated the performance of MCUG
for the diagnosis of APN . 143,146,156,157,169,183,208 A1
of these studies used “™Tc-DMSA renal
scintigraphy as the reference standard; six used
acute DMSA and one used the presence or
absence of renal scarring as determined by follow-
up DMSA. The studies described in this section
were generally poorly reported, and were of
average methodological quality. Only four of the
seven studies included an appropriate spectrum of
patients,!43:146:169208 4]¢hough all provided an
adequate description of selection criteria. All but
one of the studies reported that disease
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TABLE 21 Results of the regression analysis for ultrasound for the localisation of UTI

Variable B

Spectrum -0.5
Selection -04
Reference standard -0.6
Time -0.6

Partial verification bias
Differential verification bias
Incorporation bias

Test details -0.6
Reference details -0.2
Test bias -0.4
Review bias -0.3
Clinical review bias -0.2
Uninterpretable results -0.7
Withdrawals 0.5
Age: <2 years
<S5years -0.5
<l2years -0.7
<I8years -0.3
Region: North America
Europe -0.3
Study design -0.2

progression bias had been avoided.'® Only two
studies provided sufficient details on how MCUG
was performed to permit replication,157’169’183
although all but one provided details on how the
reference standard was performed.157 Two studies
reported that the MCUG results were interpreted
without knowledge of the reference standard
results, and that the reference standard results
were interpreted without knowledge of the MCUG
results. %3208 A further study reported that the
reference standard results were interpreted without
knowledge of the MCUG results.!*® The
remaining studies failed to report on blinding.
None of the studies provided details regarding
what clinical information was available when the
MCUG results were interpreted.

Sensitivity was generally found to be poor, with
higher specificity. Sensitivity ranged from 21.6%
(specificity 96.2%) to 47.1% (specificity 60%).
Specificity ranged from 50% (sensitivity 29%) to
96.2% (sensitivity 21.6%); all but two estimates of
specificity were above 80%. Positive likelihood
ratios showed considerable heterogeneity

(p < 0.001); however, negative likelihood ratios
were statistically homogeneous (p = 0.575).
Positive likelihood ratios ranged from 0.6

(LR- 1.42) to 5.8 (LR- 0.81). Negative likelihood
ratios ranged from 0.72 (LR+ 2.8) to 1.42

(LR+ 0.6). The pooled positive likelihood ratio
was 1.9 (95% CI 1.2 to 3.1). The pooled negative
likelihood ratio was 0.80 (95% CI: 0.74 to 0.87).
The pooled positive likelihood ratio should be

RDOR p-Value Adjusted r?
0.6 0.435 0.22
0.7 0.507 0.20
0.5 0.322 0.23
0.5 0.281 0.24

Dropped

Dropped

Dropped
0.5 0.25 0.25
0.8 0.642 0.19
0.7 0.429 0.21
0.7 0.504 0.2
0.8 0.886 0.18
0.5 0.19 0.27
1.6 0.35 0.22

Reference 0.09
0.6 0.769
0.5 0.498
0.7 0.74

Reference 0.19
0.7 0.661
0.8 0.734 0.18

interpreted with caution owing to the significant
heterogeneity present. However, pooled likelihood
ratios suggest that MCUG is a very poor test for
the localisation of UTI. Figure 23 shows estimates
of sensitivity and 1 — specificity plotted in ROC
space. All points indicate that MCUG is a poor
test for the localisation of UTI.

The median positive likelihood ratio was 2.3
(IQR 1.6-2.8) and the median negative likelihood
ratio was 0.81 (IQR 0.80 to 0.85).

Other imaging studies

One study assessed the accuracy of gadolinium-
enhanced magnetic resonance imaging (MRI)!"
and reported high sensitivity (92%), but poor
specificity (44%). This study was of generally good
quality, but the index test and reference standard
were not reported in sufficient detail to allow
replication. A second study assessed the accuracy
of CT'% for the diagnosis of APN. Conversely, this
study reported high specificity (100%) and poor
sensitivity (56%). This study was also of good
quality, but did not report sufficient information to
determine whether or not investigators were
blinded to other test results or clinical data when
interpreting the index test and reference standard
images. Both studies used “™Tc-DMSA renal
scintigraphy as the reference standard. As only
one study evaluating each of these imaging
modalities was identified, it is not possible to
reach any firm conclusions about their possible
contribution to the localisation of UTI.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.
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Three studies evaluated the diagnostic performance
of IVP using %™ Tc-DMSA renal scintigraphy as the
reference standard.'?%157298 The details of the
index test were poorly reported in these studies,
and one study did not include an appropriate
spectrum of patients. A fourth study compared
IVP with the inappropriate reference standard of
clinical and laboratory diagnosis. Therefore, no
conclusions can be drawn from this study.?!’ These
studies reported relatively high specificity
(75-100%), but poor sensitivity (9—44%) for the
diagnosis of APN. However, given the small
number of studies involved, no firm conclusions
can be drawn regarding the utility of this test.

One study evaluated cystography using
99mTe.DMSA renal scintigraphy and the reference
standard.''® This study reported poor diagnostic
performance (sensitivity 41% and specificity 68%).
The quality of this study was poor: an appropriate
spectrum of patients was not included and no
selection criteria were reported, and details of the
index test and reference standard were
inadequate, and reporting was generally poor, with
insufficient detail provided to assess the avoidance
of review bias or disease progression bias. A
second study used clinical and laboratory
diagnosis as the reference standard.?!! These
studies do not provide sufficient information to
draw any conclusions about the usefulness of
cystography for localising UTI.

Three studies assessed the accuracy of various
scintigraphic techniques for the diagnosis of
APN 200211215 The techniques investigated were
99m T DMSA, 2! 99 Te-glucoheptonate, and
B1orthoiodohippurate,?!! and '#*I-hippuran.
All three studies used inappropriate reference
standards, including clinical diagnosis,Q15 clinical
and laboratory diagnosis,?!" and TVP2% All
reported good diagnostic accuracy, with sensitivity
ranging from 80 to 98% and specificity from 98 to
100%. However, as the reference standards used
have been shown to be poor tests for the
localisation of UTI, these results should be
interpreted with some degree of caution.

200

Summary

A wide variety of tests has been investigated for
the localisation of UTI. There was insufficient
information to draw overall conclusions regarding
the accuracy of clinical examination or laboratory-
based tests for the localisation of UTI. The clinical
and laboratory-tests investigated showed fairly
poor accuracy, but only a limited number of tests
was investigated.

Ultrasound was investigated in a large number of
studies and was found to be a poor test for the
localisation of UTI. The pooled negative
likelihood ratio was 0.62 (95% CI 0.53 to 0.73),
suggesting that this is a poor test for ruling out
APN; that is, a negative ultrasound cannot be used




Health Technology Assessment 2006; Vol. 10: No. 36

98 + + 0.2
99 - - 0.1
Pretest Likelihood
probability (%) ratio

Post-test
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FIGURE 24 Likelihood ratio monogram for ultrasound for the localisation of UTI

as evidence to identify if UTT is lower rather
than upper. The pooled positive likelihood ratio
was low at 3.11 (95% CI 2.3 to 3.4) suggesting
that ultrasound is also poor at ruling in APN;
that is, a positive ultrasound scan cannot be used
as evidence of APN. MCUG, which was
investigated in seven studies, was found to be an
even poorer test for the localisation of UTI. The
pooled positive likelihood ratio was 1.9 (95% CI
1.2 to 3.1) and the pooled negative likelihood
ratio was 0.80 (95% CI 0.74 to 0.87). All pooled
estimates should be interpreted with extreme
caution owing to significant heterogeneity between
studies.

Other imaging studies that investigated
localisation of UTTI included MRI, CT, IVP,
cystography and various different scintigraphic
techniques. The only techniques found to have
good accuracy for the localisation of UTI were the
scintigraphic techniques. However, all the studies
that investigated these tests used inappropriate
reference standards.

What do these results mean?
The results of studies of the localisation of UTTI
are summarised in Table 22. The results indicate

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

that scintigraphy is the only test that can accurately
localise UTT; this test is generally used as a
reference standard for UTTI localisation. The
limited value of ultrasound in the localisation of
UTTI is illustrated in the next section. The
likelihood ratios and an estimate of the pretest
probability of upper UTT were used to calculate
the post-test probability of upper UTI. The
reviewers were unable to find reliable estimates of
the proportion of children with UTI who have an
upper UTT (the pretest probability of disease) in
the literature. Therefore, they used the data from
the studies included in this section of the review to
provide an estimate of the pretest probability of
upper UTI. As before, only studies that included
an appropriate patient spectrum were included in
this analysis. The median prevalence of upper
UTI in these studies was 60%, and was used as an
estimate of the pretest probability of upper UTI.
Figure 24 shows how a positive or negative
ultrasound scan for APN changes the probability
of upper UTL

Detection of reflux

A total of 34 studies reporting 57 data sets
investigated tests for the detection of reflux. All
but one of these studies evaluated imaging
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FIGURE 25 Standard ultrasound for the detection of reflux: study sensitivity and | — specificity plotted in ROC space

techniques. The majority of studies (30) used
MCUG as the reference standard.

Ultrasound

The main imaging technique evaluated for the
detection of reflux was ultrasound. The diagnostic
accuracy of ultrasound was assessed in 26 of the 34
studies.

Conventional ultrasound

Eleven studies evaluated
9.139.175.176.18%.185,186.210,212.¢
standard!19139.175,176,183,185,186,210,212,214 .

duplex'*? ultrasound compared with the reference
standard of MCUG. One study'® reported data
for a variety of cut-off points. To prevent duplicate
inclusion of study participants, only data
examining the presence of reflux (dilatation) by
ultrasound compared with presence of any reflux
by MCUG were used in the analyses. Around half
of the studies in this section did not include an
appropriate spectrum of patients. Poor quality of
reporting was also a particular problem: most
studies (9/11) did not report sufficient details of
the reference standard to permit replication, half
of all studies did not report sufficient information
to allow assessment of the avoidance of review bias,
and half of all studies did not report sufficient
information to judge whether the time elapsing
between the index test and reference standard was
appropriate (disease progression bias). Partial
verification bias was a problem in two studies.

Estimates of sensitivity and specificity reported by
these studies varied greatly. Sensitivity ranged
from 10.5% (specificity 89.4%) to 90.9% (14.6%).
Specificity ranged from 14.6% (sensitivity 90.9%)
to 93.8% (sensitivity 53.7%). Likelihood ratios
showed considerable heterogeneity (p < 0.0001).
Positive likelihood ratios ranged from 1.0

(LR- ~1.0) to 8.7 (LR- 0.49). Negative likelihood
ratios ranged from 0.41 (LR+ 8.2) to 0.98

(LR+ ~1.0). The pooled positive likelihood ratio
was 1.9 (95% CI 1.2 to 2.9). The pooled negative
likelihood ratio was 0.76 (95% CI 0.63 to 0.93).
The pooled likelihood ratios suggest that standard
ultrasound is a poor test for detecting reflux;
however, owing to the presence of significant
heterogeneity, these should be interpreted with
caution. Figure 25 shows estimates of sensitivity
and 1 - specificity plotted in ROC space. The
median positive likelihood ratio was 1.4

(IQR 1.1-2.5) and the median negative likelihood
ratio was 0.79 (IQR 0.58-0.98).

Contrast-enhanced ultrasound

Fourteen studies assessed the diagnostic accuracy of
cystosonography, 128:124:144,149,165.179,187,191,195,199,202,
213 or other contrast-enhanced techniques,
using a variety of contrast agents. All but one of
these studies used MCUG as the reference
standard. None of these studies included an
appropriate spectrum of patients. The quality of
reporting was also an issue: nine studies did not

115,197
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FIGURE 26 Contrast-enhanced ultrasound for the detection of reflux: study sensitivity and | — specificity plotted in ROC space

describe the reference standard in sufficient detail
to permit replication;!13123149.165,187,191,105,109.202
six studies reported insufficient detail to allow
assessment of the avoidance of test review

bias, !15:123:187,195,199.202 51, three studies reported
insufficient detail to allow assessment of the
avoidance of disease progression bias.!6% 187195
The remaining study used direct radionuclide
voiding cystography as the reference standard
This is not considered to be an appropriate
reference standard and so the results are not
included in the analysis below. Where studies
reported more than one data set for the same
population, only one data set was included in
further analyses; this was to prevent duplicate
inclusion of the same study participants. One
study'?® reported data using cut-off thresholds of
both reflux grade 2 or above, and reflux grade 3
or above; a second study'® reported data using
cut-oft points of both reflux grade 2 or above, and
presence of any reflux; data for the lower cut-off
were used in both cases. One study'** reported
data by patient and by renal unit. In this case the
data calculated by renal unit was used in the
present analyses as they were deemed more
pertinent to the question of detection of reflux and
were reported in the majority of

studies in this category. Two further studies
reported data for more than one cystosonographic
technique (air and fluid cystosonography, and
grey-scale and Doppler cystosonography,

164

202,213
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respectively). Data for air-contrast
cystosonography and grey-scale cystosonography
were used in the analysis.

In general, estimates of sensitivity and specificity
reported were relatively high. Sensitivity ranged
from 56.8% (specificity 84.8%) to 96.3% (80%); in
all but three studies sensitivity was above 75%.
Specificity ranged from 80% (sensitivity 96.3%) to
100% (sensitivity 76.5 and 85.7%). Likelihood
ratios showed considerable heterogeneity

(p < 0.0001). Positive likelihood ratios ranged
from 3.8 (LR- 0.51) to 71.2 (LR- 0.20). Negative
likelihood ratios ranged from 0.04 (LR+ 25.6) to
0.51 (LR+ 3.8). The pooled positive likelihood
ratio was 12.3 (95% CI 8.2 to 18.3) and the pooled
negative likelihood ratio was 0.17 (95% CI 0.11 to
0.27). The median positive likelihood ratio was
13.7 (IQR 9.1-30.8) and the median negative
likelihood ratio was 0.16 (IQR 0.11-0.23).

Figure 26 shows estimates of sensitivity and

1 — specificity plotted in ROC space. The points
on this graph are all scattered towards the upper
left-hand corner of the chart, suggesting that
contrast-enhanced ultrasound may be a good test
for the detection of reflux. The graph suggests
that one study may be an outlier.'"®” This study
does not appear to be significantly different from
the other studies in terms of quality, spectrum
composition, reference standard or ultrasound
methods.
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TABLE 23 Results of the regression analysis for ultrasound for the detection of reflux

Variable B

Ultrasound 3.2

RDOR p-Value Adjusted r?

24.5 <0.0l 0.67

TABLE 24 Results of the regression analysis for ultrasound for the detection of reflux, with ultrasound type forced into the model

Variable B
Spectrum 0.9
Selection -0.7
Reference standard -2.0
Time 1.1
Partial verification bias 1.2
Differential verification bias 09
Incorporation bias
Test details -0.8
Reference details 0.1
Test bias 0.6
Review bias 0.8
Clinical review bias 04
Uninterpretable results 0.2
Withdrawals 0.7
Age: <2 years
<5years -0.3
<l2years -I.I

<18 years 0

Region: North America
Europe 0.6
Asia  -0.7
Study design 0
Population (UTI only/mixed) 0.8

RDOR p-Value Adijusted r?
2.5 0.3 0.68
0.5 0.18 0.68
0.1 0.05 0.71
3.0 0.05 0.71
3.3 0.24 0.67
2.5 0.65 0.65
Dropped
04 0.29 0.67
1.1 0.84 0.65
1.8 0.17 0.68
2.2 0.13 0.68
1.5 0.67 0.65
1.2 0.73 0.65
2.0 0.19 0.67
Reference 0.66
0.7 0.84
0.3 0.5
1.0 0.98
Reference 0.64
1.8 0.46
0.5 0.74
1.0 0.98 0.65
2.2 0.2 0.67

TABLE 25 Results of the multivariate regression analysis for ultrasound for the detection of reflux

Variable B
Ultrasound 3
Time 1.1

A regression analysis was carried out to investigate
possible explanations for the observed
heterogeneity. The regression model D = o + S
was extended to include a variable for type of
ultrasound (contrast enhanced or standard). The
results of this model are shown in Table 23. The
type of ultrasound showed a highly significant
association with D. The DOR was over 24 times
greater in studies that used contrast-enhanced
ultrasound than in those that used standard
ultrasound. Given the significance of this
association, and the clinical importance of
distinguishing between ultrasound types, this
variable was included in the model to investigate
other possible sources of heterogeneity. The
regression model D = a + ;S + B(ultrasound)
was extended to include variables for quality
items, age, region, study design (prospective

RDOR p-Value Adjusted r?
20.1 <0.01 0.71
3.0 0.05

versus retrospective) and population (children with
confirmed UTI only versus mixed population).
The results of this regression analysis are shown in
Table 24. Two items, the use of an appropriate
reference standard and time delay, were significant
in this analysis. These items were included in a
multivariate analysis, but only time delay (the
possibility of disease progression bias) and
ultrasound type remained significant. The DOR
was around three times higher in studies that
avoided disease progression bias than in studies in
which disease progression bias may have been a
problem. The DOR remained over 20 times
higher in studies that used contrast-enhanced
ultrasound than in those that used standard
ultrasound. The final model, shown in Table 25,
provided a reasonable fit for the data, with an
adjusted 7 of 0.71.
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Ivp

Four studies assessed the accuracy of IVP for
detecting reflux of any grade!3!:137:192214 3 4]
used MCUG as the reference standard. These
studies were poorly reported: only one study
provided adequate detail of either the index test
or the reference standard;?'* two studies did not
report the criteria used to select participants,!¥%?11
three studies did not report sufficient detail to
assess the avoidance of diagnostic review

bias; #1922 and two studies did not report
sufficient detail to assess the avoidance of disease
progression bias.!9%21* All studies showed that a
positive IVP result was fairly specific for reflux
(73-100%), but sensitivity was low (28-48%). One
of these studies'®! also evaluated the accuracy of
IVP for detecting reflux of grade 3 or above.
Sensitivity was increased to 100% for this
comparison, with little impact on specificity.

Other tests and combinations of tests

Eight studies investigated a variety of imaging and
other techniques, including indirect voiding
radionuclide cystography,'?*1%5:152 NAG/creatinine
ratio,'%? scintigraphy,'®1*12214 and a risk scoring
system.!®% A study of NAG/creatinine ratio found
that this was a reasonable test for the detection of
reflux in children with cystitis according to clinical
criteria, but a poor test in children with APN.!%2
The study of the risk scoring system used a
combination of gender, family history, age, CRP
level and ultrasound to produce an overall risk
score.'® This study reported results for several
different cut-off points and for the diagnosis of
any grade reflux and reflux grade 3 or above. The
DOR ranged between 4 and 14, suggesting that
this system was a poor test for the detection of
reflux at any of the cut-off points reported and for
both grades of reflux.

Two studies evaluated the diagnostic accuracy of
standard %™Tc-DMSA scintigraphy for the
diagnosis of reflux.?'*2!* Neither of these studies
was of good quality. Only one of them reported
sufficient detail of the index test to permit
replication,?!* and neither reported the criteria
used to select participants. Neither study reported
sufficient detail to assess the avoidance of review
bias, and one did not report sufficient information
for the assessment of disease progression bias;*!*
partial verification bias was also a problem in this
study. Both reported relatively poor test
performance, with sensitivities of 67% and 77%,
and specificities of 63% and 74%. An additional
study looked at '*'T-o-hippurat and found this to
be a reasonable test for the detection of reflux.'®!
However, this study did not use an appropriate

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

spectrum of patients or reference standard, and was
very poorly reported (criteria used to select patients
were not reported, details of the reference standard
were inadequate, and neither avoidance of review
bias nor avoidance of disease progression bias could
be assessed). Three studies evaluated indirect
radionuclide voiding cystography.!?*13%:152 o
used *"Te-diethylenetriamine pentaacetic acid
(DTPA) and one used """ Tc-MAG3. These studies
were generally of good quality. However, only one
of them included an appropriate spectrum of
patients,152 and none reported the criteria used to
select participants. These reported high specificity
(95-100%), but low sensitivity (33—-68%).

Summary

The main test investigated for the detection of
reflux was ultrasound. The studies of ultrasound
were divided into two main categories: standard
and contrast enhanced. Standard ultrasound was
found to have poor performance for the detection
of reflux. The pooled positive likelihood ratio was
1.9 (95% CI 1.2 to 2.9) and the pooled negative
likelihood ratio was 0.76 (95% CI 0.63 to 0.93).
These figures should be interpreted with caution
owing to the significant heterogeneity between
studies; however, they suggest that ultrasound is a
very poor test both for ruling in and for ruling out
disease. Contrast-enhanced ultrasound was found
to have much better performance for the
detection of reflux. The pooled positive likelihood
ratio was 12.3 (95% CI 8.2 to 18.3) and the pooled
negative likelihood ratio was 0.17 (95% CI 0.11 to
0.26). There was also considerable heterogeneity
between studies of contrast-enhanced ultrasound,
so these figures should be interpreted with
caution, but suggest that contrast-enhanced
ultrasound is a good test both for ruling in and for
ruling out reflux.

Other studies that investigated the detection of
reflux include IVP, indirect voiding radionuclide
cystography, NAG/creatinine ratio, scintigraphy
and a clinical risk scoring system. None of these
tests showed both high sensitivity and specificity
for the detection of reflux. IVP and indirect
radionuclide voiding cystography were found to
have very good specificity but poor sensitivity for
the detection of reflux.

What do these results mean?

The results of studies of detection of reflux are
summarised in 7able 26. To help to understand
what these results mean in practice, on estimate of
the pretest probability of reflux and the likelihood
ratios were used to calculate the post-test

probability of reflux. Published estimates of the 87
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FIGURE 27 Likelihood ratio monogram for ultrasound for the detection of reflux

prevalence of reflux in children with UTI range
from around 30 to 50%. The median prevalence of
reflux in the studies included in this section of the
review was 25% and ranged from 5 to 65%. The
reviewers therefore decided to use 30% as an
estimate of the pretest probability of reflux.

Figure 27 shows how the probability of reflux
changes after the test has been given to give

a post-test probability of disease in those with a
positive and those with a negative ultrasound

scan for standard and contrast-enhanced
ultrasound.

Prediction of scarring

Four studies reporting nine data sets (Table 27)
investigated the performance of tests for the
prediction of renal scamring;160’177’207’209 that is,
the ability of a test for renal inflammation,
performed during the acute phase, to predict the
occurrence of renal scarring after the infection has
resolved (2-24 months later in the included
studies). All of these studies used follow-up

99mTe DMSA renal scintigraphy as the reference
standard. These studies were not generally of
good quality. No study adequately reported details
of both the index test and the reference standard.
Disease progression bias was a problem in two of

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

the studies?’”2%? and insufficient information was

reported to assess its avoidance in a third;!””
differential verification bias was a problem in the
remaining study. In general, the diagnostic
accuracy reported in these studies was poor. Two
studies, one using acute Doppler ultrasound'®
and the other using acute IVR?" reported high
specificities (92% and 99%, respectively); however,
these were associated with very low sensitivities
(27% and 12%). Conversely, a study of non-
invasive indicators including fever and acute
CRP?" reported high sensitivity (92%) and low
specificity (20%) for both. As each test was only
evaluated by one or two studies, it is not possible
to draw conclusions regarding their utility in the
prediction of renal scarring.

Detection of scarring

Thirty studies reporting 50 data sets evaluated
imaging tests for the detection of renal scarring.
Of these studies, 17 used some form of renal

scintigraphy as the reference standard and 13 used
IVP.

IvP
Four studies evaluated the diagnostic accuracy of
IVP for detecting renal scarring using a
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scintigraphic technique as the reference
standard.!78180:188.209 pogitive VP investigations
were found to be highly specific (above 98%)

for renal scarring, with sensitivities ranging

from 23% to 86%. Only one of these studies
included an appropriate patient spectrum.?* This
study reported a much lower sensitivity than the
other studies and was generally of slightly

better quality, although all studies were of
reasonable quality.

Scintigraphy

Static renal imaging

The main scintigraphic techniques evaluated for
the detection of renal scarring were static renal
imaging methods. Seven studies evaluated

99m T DMSA, 133 138141193196.214217 10 one study
evaluated '*I-hippuran.?'® Half of these studies
did not include an appropriate spectrum of
patients. The quality of reporting was poor: the
majority of studies (6/8) did not report patient
selection criteria;!33-138:141,193,196.214 g6 rydies
provided inadequate description of the reference
standard and/or the index test;'3%19%:196.217.218 1)a1p
of all studies did not report sufficient information
to assess the avoidance of test review
bias,!?3111.196.214 31 four studies did not report
sufficient information to assess avoidance of
disease progression bias.!3%214217.218 Disease
progression bias was a problem in two
studies'"""19® and partial verification bias in
another study.?!* All of the studies used IVP as the
reference standard. Given that renal scintigraphy
is generally accepted as the reference standard for
the detection of renal scarring the appropriateness
of this comparison is questionable, and this should
be considered when interpreting the results for
this section.

When studies reported more than one data set for
the same population, only one data set was
included in the further analyses, to prevent
duplication of participants. In one study, data were
reported for patients with UTI and for patients
with reflux but no UTL'% In this case, data for
patients with UTT were used as these were most
relevant to the objectives of this review. Another
study reported data by patient and by renal unit.
The data estimated by renal unit were used as
these were deemed more pertinent to the question
of detection of renal scarring, and this was the
method of reporting in the majority of studies in
this category.!® Two further studies reported data
for more than one scintigraphic technique.!?*?!
Data from these studies for ™ Tc-DMSA and
99mTe DMSA single-photon emission computed
tomography (SPECT) were included.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

In general, sensitivity and specificity values
reported in these studies were high. Sensitivity
ranged from 85.3% (specificity 99.5%) to 100%
(87.4 and 100%). Specificity ranged from 60.3%
(sensitivity 94.1%) to 100% (sensitivity above 85%);
specificity was above 85% in all but one study.

Likelihood ratios showed considerable
heterogeneity (p < 0.001). Positive likelihood
ratios ranged from 2.4 (LR- 0.10) to 297.7

(LR- 0.14). Negative likelihood ratios ranged from
0.01 (LR+ 7.9) to 0.15 (LR+ 168.8). The pooled
positive likelihood ratio was 27.2 (95% CI 7.5 to
98.9). The pooled negative likelihood ratio was
0.13 (95% CI 0.10 to 0.18). Figure 28 shows
estimates of sensitivity and 1 — specificity plotted
in ROC space. The plot suggests one possible
outlier, a study with considerably poorer specificity
than the other studies.?!* The median positive
likelihood ratio was 59.0 (IQR 12.1-129.7) and the
median negative likelihood ratio was 0.09

(IQR 0.06-0.13).

These studies were generally of relatively poor
methodological quality. Only half of the studies
included an appropriate patient
spectrum!?#3:193:196:211 310q only two provided
sufficient details on selection criteria.?!”-?!8 Half of
the studies reported that both test review bias and
reference standard review bias had been
avoided,138’193’217’218 but only one study reported
that the same clinical information was available
when test results were interpreted as would be
available in practice.?!” None of the studies
provided an explanation as to why some of the
children did not receive both the index test and
reference standard. The study with a very poor
specificity was of similar quality to the other
studies and included an appropriate spectrum of
patients.?!" However, partial verification bias may
have been a problem in this study. There were no
other obvious differences between this study and
the other studies included in this section.

Three studies compared different scinitigraphic
techniques.!!7189218 One study compared SPECT
DMSA with planar DMSA and found complete
agreement.'!” The other two studies compared
different scintigraphic agents (“™Tc-MAG3 and
123 hippuran) with scintigraphy using

9mTe DMSA. Both studies reported specificities of
100%; sensitivity was 82% in one and 92% in the
other.

Dynamic renal imaging
Two studies assessed the diagnostic accuracy of
dynamic (including micturating) scintigraphy
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FIGURE 28 Scintigraphy for the detection of renal scarring: study sensitivity and | — specificity plotted in ROC space

using """ Tc-MAG3 with " Tc-DMSA renal
scintigraphy as the reference standard.'*”!3% Both
studies reported good sensitivity (88 and 82%) and
specificity (88 and 95%) for this technique. Only
one of these studies used an appropriate spectrum
of patients,'*” and neither reported the criteria
used to select participants. Disease progression
bias was a problem in one study,'®® and
insufficient information was reported in the other
to allow this to be assessed.

MCUG

Four studies reporting five data sets investigated
the presence of reflux, as determined by MCUG, to
indicate the presence of renal scarring.'!*135:136.154
The reference standard was IVP in two studies''*1%*
and "™ Tc-DMSA-renal scintigraphy in the other
two.!3%13% The presence of reflux was a relatively
poor indicator of the presence of scarring:
sensitivity ranged from 68 to 86%, and specificity
from 37 to 82%. These studies were of generally
good quality.

Ultrasound

Ten studies reporting 19 data sets investigated the
use of standard ultrasound for the detection of
renal scarring, 11#120:163.171172,174,184,198.206.212 e
quality of reporting was generally poor. The
studies were of variable methodological quality.
Only half included an appropriate spectrum of
patients, 14163:172174.212 51,4 only three provided
an adequate description of the selection

criteria. 17419 Fiye studies reported that test
review bias had been avoided!!'*120:171.172:206 5154
all but one!'” of these also reported that reference
standard review bias had been avoided. Half of the
studies did not report sufficient information to
assess the avoidance of disease progression bias.
Disease progression bias was a problem in one
study. Only one study provided details on the
clinical information available when test results
were interpreted and this study did not provide
the same clinical data as would be available when
the test results are interpreted in practice.''* Only
three studies reported how uninterpretable results
were handled!!*1202% and only one provided
explanations for study withdrawals.?’

Four studies used IVP as the reference

standard 14103172206 3 six used **"Tc-DMSA
renal scintigraphy,!20:171174184198.212 e srudy
used a qualitative scale of the probability of
abnormality to define the findings of the
ultrasound examination.?’® This study used a scale
of ‘normal, probably normal, uncertain, probably
abnormal, and abnormal’ to classify study results.
The cut-off point of ‘probably abnormal, or
abnormal’ was selected as a cut-off for analyses, as
this was most similar to the other studies in this

group.

Sensitivity varied greatly, although specificity was
generally high. Sensitivity ranged from 3.4%
(specificity 97.3%) to 86.5% (specificity 97.7%).
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FIGURE 29 Ultrasound for the detection of renal scarring: study sensitivity and | — specificity plotted in ROC space

Specificity ranged from 80.4% (sensitivity 52.5%)
to 100% (sensitivity 67.6 and 76.2%). Likelihood
ratios showed considerable heterogeneity

(p < 0.0001). Positive likelihood ratios ranged
from 1.3 (LR- = 0.99) to 38.9 (LR- =0.78).
Negative likelihood ratios ranged from 0.14

(LR + = 37.6) to 0.99 (LR+ = 1.3). The pooled
positive likelihood ratio was 10.7 (95% CI 4.5 to
25.7) and the pooled negative likelihood ratio was
0.41 (95% CI: 0.19 to 0.86). These estimates should
be interpreted with extreme caution owing to the
significant heterogeneity present. Figure 29 shows
estimates of sensitivity and 1 — specificity plotted in
ROC space. The median positive likelihood ratio
was 5.4 (IQR 3.1-29.8) and the median negative
likelihood ratio was 0.49 (IQR 0.26-0.73).

Other imaging studies

Two other imaging studies were identified that
used P Tc-DMSA renal scintigraphy as the
reference standard for the detection of renal
scarring. One assessed the diagnostic accuracy of
various MRI techniques and reported reasonable
diagnostic performance.'*® This study was of
reasonable quality. However, it was not conducted
in an appropriate spectrum of patients, and
neither the criteria used to select participants nor
the time elapsing between index test and reference
standard (disease progression bias) were reported.
Sensitivity ranged from 81 to 100% and specificity
from 78 to 91%. The second evaluated reflux,
identified by indirect voiding radionuclide

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

cystography, to indicate the presence of renal
scarring.'?® This study reported a very low
sensitivity of 46% and a reasonable specificity of
87%. This study was of generally good quality, but
it was not conducted in an appropriate patient
spectrum and the criteria used to select
participants were not reported. One study that
examined the detection of scarring compared a
combination of ultrasound and MCUG to IVP!!*
This study reported good diagnostic performance,
with a sensitivity of 91% and a specificity of 87%.
However, it did not use an appropriate reference
standard, and neither the index test nor the
reference standard was reported in sufficient detail
to permit replication.

Summary

A variety of different techniques has been
investigated for the detection of scarring. The
most commonly used technique was static renal
scintigraphy, which was found to have good
diagnostic performance when compared with IVP
as the reference standard. The pooled positive
likelihood ratio was 27.3 (95% CI 7.5 to 99.4) and
the pooled negative likelihood ratio was 0.12 (95%
CI 0.09 to 0.18), suggesting that scintigraphy is a
good test for ruling in and ruling out disease.
However, as renal scintigraphy itself, rather than
IVP, is regarded as the appropriate reference
standard, this evaluation is of limited value. A
further three studies investigated the diagnostic
accuracy of different scintigraphic techniques
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FIGURE 30 Likelihood ratio monogram for the detection of scarring

using the appropriate reference standard of

99mTe DMSA scintigraphy. These studies reported
specificities of 100% and sensitivities ranging from
82 to 100%. Dynamic renal imaging using
99MT_MAG3 was investigated in two studies and
was found to be a reasonable technique for the
detection of scarring, with sensitivities of 82 and
88% and specificities of 88% and 95%.

Ultrasound was investigated in a reasonably large
number of studies. Sensitivity showed considerable
variation between studies, although specificity was
generally high. The pooled positive likelihood
ratio was 10.7 (95% CI 4.5 to 25.7) and the pooled
negative likelihood ratio was 0.40 (95% CI 0.19 to
0.86). These figures should be interpreted with
some degree of caution owing to the significant
heterogeneity between the studies. However, they
suggest that ultrasound is a reasonably good test
for ruling in scarring; that is, a positive ultrasound
scan for scarring means that the kidney is likely to
be scarred. The negative likelihood ratios suggest
that ultrasound is less useful for ruling out
disease; that is, if the ultrasound scan is negative,
the kidney may still be scarred.

Four studies found a poor association between the
detection of reflux using MCUG and the presence

of scarring. Sensitivity ranged from 68 to 86% and
specificity from 37 to 82%. Other tests investigated
were IVE, MRI, voiding radionuclide cystography,
and a combination of ultrasound and MCUG. IVP
was found to have excellent specificity, but
estimates of sensitivity showed considerable
variation, ranging between 23 and 86%. Indirect
voiding radionuclide cystography was found to be
a poor test for detecting scarring, with a very low
sensitivity of 46% and a reasonable specificity of
87%. The combination of ultrasound and MCUG
was found to be a reasonable test for the detection
of scarring, as was MRI. However, as these have
been investigated in only one study, further
research is needed.

What do these results mean?

The results of studies to detect scarring are
summarised in 7able 28. To help to understand the
meaning of these results in practice, an estimate of
the pretest probability of scarring and the
likelihood ratios were used to calculate the post-
test probability of scarring. Published estimates of
the prevalence of scarring in children with UTI
range from around 5 to 20%.2*42%" The reviewers
decided to use 10% as an estimate of the pretest
probability of scarring. Figure 30 shows how the
probability of scarring changes after the test has
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Results of the review

been given to provide a post-test probability of
disease in those with a positive and negative
ultrasound or scintigraphy scan.

Imaging studies with multiple aims

Eight studies reporting 17 data sets examined the
performance of a variety of tests, and combinations
of tests, to detect groups of renal and urinary tract
pathologies! 22151.159.161.170, 194,203,216 (751, 29).
The studies used a wide variety of tests and test
combinations as reference standards. The
diagnostic accuracies reported by studies were
generally poor. With the exception of one study,
none of the studies reported estimates of both
sensitivity and specificity above 80%. The study
that reported good diagnostic performance found
100% sensitivity and specificity for MCUG in the
diagnosis of the presence of reflux or a treatable
medical problem compared with a reference
standard consisting of a combination of
ultrasound, IVP and voiding cystography.
Studies in this section had a variety of quality
problems, including reporting quality, disease
progression bias and verification bias. The
majority of these studies (5/8) did not describe
either the index test or the reference standard in
sufficient detail to permit replication.

161

161

Effectiveness of follow-up

One RCT evaluated the effectiveness of further
investigation of UTI using imaging techniques.
This study was published as an abstract,>'? and the
reviewers were unable to obtain further data.

The objective was to determine whether routine
imaging, using ultrasound and MCUG, of low-risk
children with their first uncomplicated UTI
significantly reduced renal scarring or recurrent
UTI. Participants, toilet-trained children aged
2-10 years, with confirmed UTI, were allocated to
routine or selected imaging. All children referred
for routing imaging received ultrasound and
MCUG. Those referred for selected imaging
received ultrasound and MCUG only if they had
recurrent UTT or persistent problems. Children in
both groups diagnosed with reflux were prescribed
prophylactic antibiotics for the duration of the
study. All children were assessed for renal scars

(using DMSA renal scintigraphy) and recurrent
UTI after 2 years.

In total, 172 children were enrolled; 22 withdrew
immediately following randomisation, 15 because
of concerns about imaging. For the remaining
150, no differences in age, gender, duration or
type of symptoms were observed between the
groups. The median age was 3.9 years, and 21%
were boys. All but one of the routine imaging
group had both investigations, while only 21% of
the selected imaging group had imaging during
follow-up. Reflux was diagnosed in 30% of
children who had MCUG, with no differences
between the groups. More children in the routine
imaging group received antibiotic prophylaxis
(28% versus 5%, p < 0.0001), but there was no
significant difference in the proportion of children
with recurrent UTTs (26% versus 21%, p = 0.5618).
Only 65% of the children (62% in the routine
imaging group and 67% in the selected imaging
group) underwent DMSA after 2 years of follow-
up. There was no difference in the rate of renal
scars between the two groups (9% versus 9%,

p = 0.6430).

The authors concluded that routine imaging of
toilet-trained preschool and school-aged children
with their first uncomplicated UTT leads to higher
rates of imaging, identification of reflux and
prophylaxis than does selected imaging. However,
it does not lead to a reduction in recurrent UTTs
or renal scarring, indicating that routine imaging
is not worthwhile in this older, low-risk group.

As this study was only published as an abstract
limited data were available on the quality of the
study. It was not possible to determine whether the
randomisation method was appropriate, whether
treatment allocation was concealed, whether
outcome assessors were blinded to treatment
group, and whether groups were treated the

same apart from receiving the stated interventions.
It is interesting to note that the proportion of
children receiving the follow-up DMSA was
relatively low in both treatment groups. The
authors do not report whether there was any
relationship in the selected imaging group
between those receiving MCUG and ultrasound
and those receiving the follow-up DMSA.
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Chapter 6

Economic analysis

Introduction

This chapter presents evidence on the cost-
effectiveness of alternative diagnostic strategies for
the diagnosis and further investigation of UTT in
children under 5. The chapter has the following
objectives:

e to identify published economic studies that
satisfy the inclusion criteria described in the
section ‘Economic evaluations’ (p. 10)

e to consider the necessary requirements of any
economic evaluation seeking to inform
decision-making regarding the use of diagnostic
strategies in UTI in children

e to structure, populate and analyse a decision-
analytic model to assess the cost-effectiveness of
alternative strategies in the NHS.

Review of published economic
evaluations

Introduction

The search strategies identified 17 papers that
were potentially relevant for the economic review,
and six were ordered for detailed assessment. Of
these, only one study, by Downs, ' satisfied the
inclusion criteria. It consists of a comparison of a
large number of diagnostic strategies relating to
UTT and the identification of urinary tract
abnormalities, and a model that links evidence on
diagnostic accuracy with that on therapeutic
decisions and hence on health outcomes; and
evidence is identified using systematic review
methods.

Downs study: overview

The key features and quality of the Downs study
are summarised in Appendix 8. The context of the
analysis was to help to inform recommendations
developed by the Urinary Tract Sub-Committee of
the American Academy of Pediatrics Committee
on Quality Improvement. The study took the form
of a decision-tree model to compare alternative
strategies for the diagnosis and management of
UTTI in children aged between 2 months and

2 years. A conceptual model was developed to
inform the development of the decision tree,
which had six elements: (1) the prior probability
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of UTI, which was a function of the clinical
presentation and patient demographics; (2) the
sensitivity and specificity of the strategy used to
diagnose UTI, which revises the probability of a
given child having a UTI; (3) short-term treatment
for UTT; (4) the prior probability of VUR or
obstruction; (5) the use of strategies to diagnose
these abnormalities; and (6) the development of
renal damage through recurrent UTT.

The analysis used a payer perspective. The time-
horizon was not stated explicitly, but appeared to be
patient’s lifetime as the cost of long-term sequelae
such as ESRD were estimated. Health outcomes
were presented in natural units in terms of cases of
ESRD, hypertension and death. A range of one-
and two-way sensitivity analyses was undertaken.

Downs study: options compared
The analysis compared the cost-effectiveness of
four options for the diagnosis of UTI:

¢ doing nothing (anchor option)

e treating all patients

e using a dipstick, confirming positives with
culture of suprapubic bladder tap or
transurethral catheterisation

e culturing all, suprapubic bladder tap or
transurethral catheterisation.

Three imaging strategies were also evaluated:

¢ renal ultrasonography and MCUG (referred to
as VCUG

e renal ultrasonography alone

® no imaging.

Downs study: model structure
The key structural elements of the Downs model
are summarised below.

e For positive UTT tests, treatment is initiated and
complications (including the rare event of death
from anaphylaxis) are accounted for.

e The risk of urosepsis from a UTT is modelled,
including the small risk of hospitalisation and
of death.

e Patients with positive tests for UTT are then
subject to one of the imaging options to identify
reflux. False positives for UTT are assumed
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TABLE 30 Key parameter values used in the base case of the Downs mode

Parameter

Prevalence of UTI

Sensitivity of culture

Specificity of culture

Sensitivity of bag culture

Specificity of bag culture

Sensitivity of urinalysis

Specificity of urinalysis

Probability of complication with antibiotics for UTI

Risk of death due to complication with antibiotics for UTI
Risk of sepsis with UTI

Efficacy of antibiotics for UTI

Probability that sepsis will resolve

Probability of death from sepsis

Probability of reflux

Probability of high-grade reflux

Sensitivity of renal ultrasonography for low-grade reflux
Sensitivity of renal ultrasonography for high-grade reflux
Specificity of renal ultrasonography for reflux

Sensitivity of full imaging evaluation

Specificity of full imaging evaluation

Risk of renal scarring without reflux

Risk of renal scarring with low-grade reflux

Risk of renal scarring with high-grade reflux

Risk of hypertension with scarring

Risk of ESRD after scarring

never to have urinary tract abnormalities and
are not at increased risk of renal damage.

e Children with a true-positive UTT may or may
not have reflux and, if they do, this is graded as
low or high.

e The sensitivity of imaging is assumed to vary
with grade of reflux. All imaging strategies are
assumed to be 100% specific.

e Patients identified on imaging as having reflux
are assumed to be treated surgically or with
prophylactic antibiotics, although this does not
seem to have been costed in the analysis.

e The risk of recurrent UTI (assumed to be more
than three infections over a 5-year period) is
modelled, which is assumed to increase the risk
of progressive renal scarring (PRS). The risk of
scarring is higher in children with reflux.
Surgery for reflux can reduce the risk of
scarring. Prophylactic antibiotics can reduce the
risk of subsequent UTTs.

e Renal scarring is assumed to increase the risk of
ESRD and hypertension.

Downs study: model inputs

Many of the inputs in the model were identified
by an extensive systematic literature review
process. Separate reviews were undertaken for
recognition of children at risk of UTI, diagnosis of
UTI, short-term treatment of UTI, imaging

IIO

Base-case value

0.05
1.0

1.0

1.0

0.7

0.92

0.70

0.10

1.0x 107
0.09

0.95

0.7

0.10

0.4

0.41

0.14

0.82

1.0

1.0

0.07
0.13
0.53
0.20
0.05

evaluation and the costs of chronic hypertension
and ESRD. Some degree of quality assessment of
studies identified in the review was also
undertaken.

The evidence available to parameterise the
elements of the model was clearly weaker for some
elements than for others. In particular, the link
between recurrent UTTs and renal scarring,
conditional of reflux grade, and the link between
renal scarring and renal damage was not based on
longitudinal data. Rather, a series of indirect links
in the evidence was used to model the
relationship.

Cost data were taken from a single US hospital,
with the exception of the costs of long-term
complications, which were taken from published
literature.

Table 30 presents some of the key parameters (at
their base-case values) used in the Downs model.

Downs study: results

With respect to the diagnosis of UTI, the Downs
analysis found that a do-nothing option
(observation) was the least costly and using culture
bag urine the most costly. The incremental cost
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per additional case prevented ranged from
US$61,000 to 434,000.

For the imaging options, no evaluation
represented the cheapest option, followed by renal
ultrasonography alone, and renal ultrasonography
plus VCUG was the most costly. The incremental
cost per additional case prevented from renal
ultrasonography alone compared with do nothing
was $260,000, and of renal ultrasonography plus
VCUG versus renal ultrasonography alone was
$353,000.

A range of sensitivity and threshold analyses was
undertaken. These used a threshold willingness-to-
pay value for an untoward clinical event of
$700,000. This is quite arbitrary, and hence the
results of the analysis are difficult to interpret.

Implications from the published
cost-effectiveness results from the
literature

To inform the identification of relevant published
economic evaluations, and the development of a
decision-analytic model, it is important to
establish the key features of an economic
evaluation that is informing resource allocation in
the NHS. These requirements are discussed in the
methodological guidance issued by NICE for
economic evaluations undertaken to inform its
technology appraisal process.®!

1. The specification of the decision problem
should ideally include the comparison of all
diagnostic strategies that could feasibly be used
in the NHS. It is recognised, however, that, in
practice, these options may be constrained by
the availability of evidence and the structural
complexity of any model.

2. The analysis should make a clear link between
the diagnostic accuracy of a given strategy, the
impact on therapy and the ultimate effect on
health outcomes. Hence, the effect of each of
the four diagnosis groups — true positive, false
negative, true negative and false positive — for
the selection of therapies needs to be assessed,
and the effect of such therapy for outcomes.

3. A lifetime time-horizon is required for any
economic evaluation in this area. This is
because the sequelae of inappropriately
managed UTT in children, in particular with
respect to renal disease, can last for the
remainder of their life.

4. The ultimate health effects of the alternative
diagnostic strategies should be expressed in
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terms of a generic measure of health such as a
quality-adjusted life-year (QALY). This is
because it is necessary to assess the value of
improved outcomes from more accurate
diagnostic tests in units that can be compared
with those of programmes and interventions in
other specialities and disease areas that are
competing for finite healthcare resources.

. The evidence that is used to establish the cost-
effectiveness of the alternative diagnostic
strategies needs to be identified systematically
and synthesised appropriately. The evidence
will relate both to the diagnostic accuracy of the
tests and to parameters related to, for example,
the effectiveness of treatment and the quality of
life impact of UTIL.

6. The evidence used to estimate cost-
effectiveness should be relevant to patients and
clinical practice in the UK health service.

7. The uncertainty in the evidence base needs to
be reflected in the model. To assess
simultaneously the implications of uncertainty
in all elements of evidence, probabilistic
analysis should be used to establish the
decision uncertainty associated with each
diagnostic strategy being compared.?**%*" This
informs decision-makers about the probability
of each strategy being the most cost-effective
conditional on the value that the decision-
maker places on a unit of health gain. Such
methods can be used to provide an opportunity
to use value of information methods to inform
priority setting in research.?*!-212

ot

The Downs study has four major limitations for
NHS decision-making. First, it does not express
outcomes in terms of a generic measure of health
such as a QALY. Secondly, it is a US study seeking
to inform decision-making in the USA and, as
such, some of its parameter estimates and
assumptions may be inappropriate for NHS
practice. Thirdly, it does not undertake
probabilistic sensitivity analysis to translate the
uncertainty in the evidence base (in the form of
the parameter values in the model) into decision
uncertainty about the diagnostic strategies. Finally,
it considers only a few of the possible diagnostic
and imaging strategies that are relevant for UK
decision-making.

Despite its limitations and the fact that it is
unlikely to provide a direct guide to resource
allocation decisions in the NHS, it provides
important insights about the modelling of UTT in
children and the interpretation of the evidence
base that are valuable for the modelling
undertaken as part of this study.
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Development of a
cost-effectiveness model

Introduction

Given the limitations of the available literature on
the cost-effectiveness of alternative diagnostic
strategies for UTT in children, it is necessary to
develop a new analysis to inform resource
allocation decisions. The new analysis is in the
form of a decision-analytic model that synthesises
available data to identify the optimal strategy
regarding the diagnosis and further investigation
of children under 5 with suspected UTI. The
analysis seeks to satisfy the requirements for
decision-making described in the previous section.

Methods

Overview

The objective of the model is to estimate, based
on all available data, long-term costs and health
outcomes from a range of alternative strategies for
the diagnosis and further investigation of UTT in
children under 5 years of age. The model starts at
the point at which the first UTT is suspected and
the diagnostic process is enacted. Costs are
estimated from the perspective of the NHS and
include short-term diagnostic and treatment costs,
and also the cost of long-term complications.
Health outcomes are expressed in terms of
reductions in patients’ quality-adjusted life
expectancy (decrements in QALYs). The QALY
decrements represent the effects of treated and
untreated UTTs and the impact of renal scarring
on the risk of end-stage renal failure. All costs and
benefits are discounted at 6% and 2% per annum,
respectively.?*® The optimal strategy is the one
with the highest expected net monetary benefit,
and probabilistic sensitivity analysis was
undertaken to establish the probability with which
each strategy is optimal.

Model structure

The model is made up of two parts, short-term and
long-term. The short-term model is shown in
Figure 31 in the form of a decision tree, and relates
to the process of diagnostic testing for UTT and
reflux. The first branches indicate the (unknown)
UTT status of the child. The second set of branches
shows the result of the UTT test. The third set of
branches relates to a child’s reflux status. For
children without UTI, their reflux status and future
prognosis are not considered. For children who are
sent for further investigation, the third set of
branches shows the results of that test. This is a
generic decision tree in that some groups of
branches will not be used for particular strategies;
for example, if imaging is not undertaken as part

of a particular strategy, then the imaging branches
will not be part of the tree.

The second element of the model is the long-term
model, which estimates long-term cost and QALY
decrements for children depending on which
pathway of the decision tree they pass along. The
long-term model is shown in Figure 32. Again this
model is generic, and the specific version used for
a given pathway in the short-term model may
differ. This model takes the form of a Markov
process, and is developed from earlier work
looking at the cost-effectiveness of prophylactic
antibiotics in children with recurrent UTTIs.?** For
a given pathway, the model provides a link
between the number of UTT attacks that a child
will experience, which varies from none to four,
the proportion of these that are pyelonephritic,
the probability of progressive renal scarring, the
risk of ESRD and the form of management for
that disease.

Structural assumptions

In structuring the short- and long-term models,
and in relating the two, a series of assumptions
has been made. Within the short-term model, the
first assumption is that, following a positive test
for a UTI, children will be treated with a course of
antibiotics. Each time a recurrent UTT occurs
there is a chance that this will be a pyelonephritic
attack, which has different cost and quality of life
implications from a UTT attack. Antibiotic
treatment is assumed to resolve the infection after
3 days for a lower tract infection and 10 days for a
pyelonephritic attack.?4%246 During these attacks,
children will experience a decrement in their
health-related quality of life, which is expressed as
a reduction in utility measured on a 0 (equivalent
to death) to 1 (equivalent to good health) utility or
preference scale. The second assumption is that
false-negative UTT tests will result in a UTT not
being treated and hence not resolving for 7 days
following a lower tract infection and 14 days after
a pyelonephritic attack.

The third structural assumption is that children
who are confirmed positive for reflux will be
treated either surgically or using long-term low-
dose prophylactic antibiotics. The effect of these
treatments is to reduce the risk of the child
experiencing recurrent UTTs. The evidence on the
comparative effectiveness of these interventions is
weak. Given this inconclusive evidence, it is
assumed that surgery and long-term low-dose
prophylactic antibiotics would have the same
treatment effect.?*” The purpose of the model is
not, however, to identify optimal treatment for
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reflux. The model is, therefore, structured to
reflect the prevailing opinion in clinical practice
regarding the use of these interventions. Hence, it
is assumed that treatment will be surgical if the
child has severe reflux, and through the use of
prophylactic antibiotics if they have mild to
moderate reflux.

The fourth assumption is that, following a positive
ultrasound (standard or contrast-enhanced) for
reflux, children will be undergo MCUG, which is
assumed to be a definitive test. The rationale for
this is that it was considered implausible that
children would be referred for surgery solely on
this basis of ultrasound.

A series of assumptions is also made in the long-
term models. The first relates to how children are
treated if they present with recurrent UTIs.
Following consultation with clinical experts, it is
assumed that if a child experiences two recurrent
UTIs (i.e. three in total), they will undergo
MCUG. If that test indicates that they have severe
reflux they will be treated surgically; otherwise,
they will receive prophylactic antibiotics. These
treatments will reduce the risk of all subsequent
UTIs. All subsequent UTTs are assumed to be
correctly detected in general practice and are
appropriately treated. Treatment costs and utility
decrements are attributed as appropriate.

A second structural assumption of the long-term
model is that a relationship exists between the
number of pyelonephritic attacks that a child
experiences and the risk of PRS. The associated
cost and health decrements are a result of the
elevated risk of ESRD needing treatment. The
causal relationship between renal scarring and
ESRD is assumed to work through both renal
insufficiency and hypertension.!” In the absence of
an appropriate longitudinal study, the
quantification of this relationship relies on indirect
evidence, so there is considerable uncertainty
associated with this structural assumption.

On the basis of these assumptions, it is possible to
describe the management of children moving
along each of the pathways shown in Figure 31.

e For pathway LT'1, children are tested true
positive for UTI (and are treated for the
infection) and for severe reflux. All children
testing positive for reflux are assumed to
undergo definitive MCUG. These children
receive surgery, which is assumed to reduce the
risk of recurrent UTIs. Prognosis is estimated as
shown in Figure 32.

e For pathway LT2, patients are tested true
positive for UTT (and are treated for the
infection) but false negative for reflux and,
as a result, undergo no treatment for reflux.

A proportion of children (higher than in

LT1 because the latter have surgery) will
experience two recurrent UTIs and undergo
MCUG, at which point they will undergo
surgery, the treatment effect of which will be to
reduce the risk of further UTIs. Again,
prognosis is determined by the long-term
model.

e For pathway LT3, children are true positive for
UTT (and are treated for the infection) and for
reflux, where the latter is mild/moderate in
severity. These children are treated with
prophylactic antibiotics, which are assumed to
reduce the risk of recurrent UTTs. Prognosis in
terms of PRS and renal disease is determined
by the long-term model.

e For pathway L'T'4, children are true positive for
UTT (and are treated for the infection) but false
negative for mild/moderate reflux which, as a
result, is not treated. A proportion of these
patients will go on to experience two recurrent
UTTs and, as a result, will undergo testing with
MCUG and receive treatment with prophylactic
antibiotics, the treatment effect of which is to
reduce the risk of future UTIs. Again, the long-
term model estimates the prognosis of these
children.

e For pathway LT3, children are tested true
positive for UTT (and are treated for the
infection) but false positive for reflux. As they
have had positive scans, these children are
assumed to undergo MCUG, which indicates
their false-positive status; hence, they do not
receive inappropriate treatment. A proportion
of these children will go on to experience two
recurrent UTTs, at which time they will again be
tested with MCUG; and they are assumed to be
treated with prophylactic antibiotics, which will
reduce the risk of further UTIs. The long-term
model, again, determines their future
prognosis.

e For pathway LT6, children are true positive for
UTT (and are treated for the infection) and true
negative for reflux. Hence, they receive no
MCUG or treatment for reflux. Some children
will go on to experience two recurrent UTIs, in
which case they will be given MCUG and
treatment with prophylactic antibiotics. The
long-term model again determines their future
prognosis.

e For pathway LT7, children are false positives for
UTI (and are treated for the infection). This
positive UTT test means that they are scanned
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TABLE 31 Prevalence data

Initial diagnosis of UTI Log odds SE

Prevalence of UTI -1.216 0.281

Presence of reflux -0.904 0.059

Proportion of reflux classified as 1.961 0.175
mild/moderate

Recurrence of UTI Value

Girls < | year 0.194

Girls 1-2 years 0.166

Girls 2-3 years 0.2

Girls over 3 years 0.08

Boys < | year 0.144

Boys -2 years 0.125

Boys 2-3 years 0.133

Boys over 3 years 0.006

for reflux. They are false positives for reflux
and as such are undergo MCUG. This MCUG
reveals their true reflux status and as such they
are not treated with prophylactic antibiotics.

e For pathway LTS8, children are either false
positives for UTT (and are treated for the
infection) who test negative for reflux, or true
negatives for UTI who do not go on to have
subsequent imaging. Neither of these two
groups goes on to have confirmatory MCUG or
to receive prophylactic antibiotics.

Model inputs
The parameter inputs incorporated into the
model are detailed in Tables 31-36.

Prevalence

Table 31 shows the prevalence (prior probability)
estimates in the model. In the case of the
prevalence of UTI, this relates to the prior
probability of an infection in children presenting
to primary care with symptoms suggesting UTI.
This parameter is highly variable, depending on
the clinical screening used by the physician. The
preferred estimate in this study is to pool the
prevalence results from all studies used to estimate
the test characteristics of tests for the diagnosis of
UTI that included an appropriate patient
spectrum (see the section ‘Accuracy of tests used to
diagnose UTT, p. 29). This pooling has been
based on a random effects meta-analysis on a log
odds outcome scale.?*” The results of these were
then transformed to the proportion scale for ease
of interpretation. Based on this approach, a mean
prevalence of UTI of 22.9% was estimated. The
prevalence of reflux, in total and by severity, was
derived from the studies identified in a previous

Distribution Mean Source

Normal 0.229 Meta-analysis of clinical
data

Normal 0.288  Meta-analysis of Downs!'®

Normal 0.877

Distribution Source

B (14,58) Panaretto et al.2*®

B (5,25)

B (4,16)

B (2,23)

B (18,107)

B (2,14)

B (2,13)

B (I,14)

systematic review reported in the analysis
undertaken by Downs.!” These studies were
pooled using the same approach applied to
estimate the prevalence of UTI. The results of the
meta-analysis estimated that the prevalence of
reflux in children with UTI was 28.8% (of which
87.7% were categorised as mild/moderate).

Test characteristics

Table 32 details the sensitivities and specificities of
the tests for UTT considered in the model. These
parameters are also pooled from those studies
identified in the section ‘Accuracy of tests used to
diagnose UTT (p. 29). Random effects meta-
analysis is again used to pool these data, with
estimates shown on the log-odds scale. Within the
model, these parameters are incorporated as
normal distributions, and the mean of this
distribution is shown on the transformed scale.
This can be interpreted as the pooled sensitivity or
specificity.2!? Tuble 33 shows test characteristics of
imaging techniques. These data have been pooled
as for the diagnostic tests, and can be interpreted
on a similar basis. A series of separate regression
analyses was undertaken to establish the
relationship between the log odds of sensitivity
and specificity for each individual diagnostic test.
Cholesky decomposition was then used to allow
for correlation when generating the random
normal variates for sensitivity and specificity in the
probabilistic simulation.?>

Costs

The cost inputs used in the model are detailed in
Table 34. It was not possible to identify the
required costs from a single source and, as a result,
the table shows the range of sources from which
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TABLE 34 Cost inputs into the model

Name Details Value (£) Distribution Source
Diagnostic tests Nitrite 0.13 Fixed BNF?!
LE 0.13 Fixed BNF>!
Glucose 0.13 Fixed BNF>!
Nitrite/LE 0.15 Fixed BNF>!
Pyuria 8 Fixed Molyneux?>?
Bacteriuria 8 Fixed Molyneux?>?
Pyuria/bacteriuria 16 Fixed Molyneux?>?
Dipslide culture 2.60 Fixed Fenwick?*
Laboratory culture 2.60 Fixed Fenwick?#
Imaging Conventional ultrasound 25.84 Fixed York Hospital
Contrast-enhanced ultrasound 124.05 Fixed York Hospital
MCUG 124.05 Fixed York Hospital
Administration of tests GP-administered tests (GP time) 6.77 Fixed PSSRUZ>3
Hospital-based tests (outpatient visit) 86.00 Fixed PSSRU?>3
Costs of treatment Cost of low-dose long-term prophylaxis (per month) 243 Fixed BNF?!
Cost of acute antibiotic treatment 6.58 Fixed Fenwick?*
Additional cost of pyelonephritic treatment 17.256 Fixed Claxton?*
Cost of UTI untreated 18 Fixed PSSRU2>3
Cost of pyelonephritic attack untreated 125 Fixed Claxton?*
PSSRU, Personal Social Services Research Unit.
TABLE 35 Utility estimates used in the model
Utility decrement of UTIs Value Duration Distribution Source
Utility decrement of treated UTI 0.001392 3 days Fixed Barry?*
Utility decrement of treated pyelonephritic attack 0.010225 10 days Fixed Barry?*
Utility decrement of untreated UTI 0.003248 7 days Fixed Barry**
Utility decrement of untreated pyelonephritic attack 0.014315 14 days Fixed Barry**

data were extracted. Drug costs were taken from
the British National Formulary (BNF, issue 43).25!1
Other sources included specific NHS hospitals,
earlier published estimates in the area and
national unit cost databases. All costs were
adjusted to a 2003 price basis as appropriate.

Utilities

To reflect the implications of infections (lower UTI
and pyelonephritis) when treated and untreated in
the estimates of differential QALYs between the
strategies, estimates of utility decrements
associated with different types of infections are
shown in Table 35. A study was not available that
estimated the disutility of infections in children;
therefore, these data are taken from a single
source that looked at the cost-effectiveness of
various treatment strategies for women with
suspected UTIs.2*® Utilities were obtained from
the Index of Well-Being, a multiattribute health
scale that takes into account patient mobility,
social activity and symptoms. The assumed

durations of different attacks are shown in
Table 35. These are also taken from Barry and
colleagues.?*?

Long-term costs and effects from the long-term
model

The long-term model is a development from one
published earlier,?** and the input parameters in
the model are detailed in Table 36.

In the long-term model the frequency of recurrent
UTI is modelled using a Markov process to
establish the impact on quality of life and
associated costs. The period for which a child is at
risk of recurrent UTI was assumed to be 3 years.!”
A proportion of recurrent UTT episodes is
assumed to be pyelonephritic attacks,?*® which
have an additional (negative) impact on quality of
life and costs. The probability of a UTI being
pyelonephritic (by age and gender) and the
probability of PRS given the cumulated number of
pyelonephritic attacks (by VUR status) were based
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TABLE 36 Additional input parameters into the long-term model based on Claxton and colleagues®**

Recurrence of UTI
Girls < | year

Girls 1-2 years
Girls 2-3 years
Girls > 3 years
Boys < | year
Boys 1-2 years
Boys 2-3 years
Boys > 3 years

Log RR of prophylaxis RR (transformed)

Probability of renal scarring (severe VUR)

Probability of ESRD, given renal scarring
Mean age at onset of ESRD

Cost of dialysis per year

Cost of renal transplant

Mean survival duration on dialysis
Mean survival duration without ESRD
Utility on dialysis

Utility following transplant

Proportion of pyelonephritic attacks

Value Distribution Source

0.194 B (14,58) Panaretto?*

0.166 B (5,25) Panaretto?*®

0.2 B (4,16) Panaretto?*®

0.08 B (2,23) Panaretto®*®

0.144 B (18,107) Panaretto?*

0.125 B (2,14) Panaretto?*®

0.133 B (2,13) Panaretto?*®

0.06 B (I,14) Panaretto®*®

-1.0788 Normal (SE 0.4384) Smellie,?*
0.340003 Stansfeld?>

No pyl = 0.27 B (2.18,5.88) Jodal*¢

| pyl = 0.44 B (10,10.94)

2 pyl = 0.83 B (4.68,0.92)

3pyl =1 Fixed

4pyl = 1| Fixed

0.05 B (10.2,193.1) Alexander?’
13.67 years Triangular (7,24) Mean from

Arant;2%8 range
from Jacobson259

£19,871 Fixed Mowatt2¢

£6212.44 Fixed CIPFA%!
12.25 years Fixed Mowatt2¢°

68.14 years Uniform (66.65,69.62)  ONS?6?

0.43 Normal (SE 0.26) Claxton®**

0.84 Normal (SE 0.24) Claxton®**

P(pyelonephritic|UTI) ~ 0.83 B (110,22)%¢
| year

P(pyelonephritic|UTI)  0.51 B (66,63)>°

2 years

P(pyelonephritic|UTI) ~ 0.51 B (66,63)%°

>3 years

CiPFA, Chartered Institute of Public Finance and Accountancy; ONS, Office for National Statistics; pyl, pyelonephritic

attack; RR, relative risk.

on natural history evidence,?”® with beta
distributions assigned reflecting the number of
observations in each case. In addition, reflux status
and the cumulative number of pyelonephritic
attacks are important determinants of the risk of
developing PRS.'” Those children who develop
PRS face a risk that this will lead to ESRD at some
time in the future. The probability of a UTT being
pyelonephritic (by age and gender) and the
probability of PRS given the cumulated number of
pyelonephritic attacks (by VUR status) were based
on natural history evidence, with beta distributions
assigned reflecting the number of observations in
each case.?® The probability of developing ESRD
for children who experienced PRS was based on
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registry data.?®” The age at which children will
develop ESRD is uncertain; therefore, this is
represented by a distribution of ages (7-24 years)
based on evidence reported in two observational
studies.??®%Y Two consequences of ESRD are
considered, transplant and long-term home
dialysis. ESRD, whether managed by transplant or
by long-term home dialysis, is associated with a
reduction in quality-adjusted life expectancy as
well as resource costs.

The benefit of identifying patients at their first
UTI episode and correctly identifying the
presence of reflux is, therefore, established
through a series of links of evidence. Following a
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correct diagnosis of VUR, patients are assumed to
receive the appropriate management (either
surgery or long-term antibiotics depending on the
severity), resulting in a reduction in the frequency
of recurrent UTIs. In turn, this is assumed to
reduce the number of pyelonephritic attacks,
which may also reduce the risk of PRS and the
development of ESRD in later life. In this manner
it is possible to estimate both the short-term and
longer term impacts on quality-adjusted life
expectancy and resource use of the alternative
diagnostic and imaging strategies.

Data on the risk of recurrent urinary tract
infection were identified from a previous
systematic review of studies.?*® Although a number
of separate sources was identified, these were
largely based on studies undertaken during the
1970s. Furthermore, data on the rate of
recurrence was not reported for a consistent
period across these studies and separate estimates
were not reported according to different patient
characteristics (e.g. age and gender). However,
one contemporary study was identified that
reported the long-term follow-up of 290 children
under 5 years of age with a first symptomatic
UTL** Separate recurrence rates were also
reported by both age and gender. In general, rates
of recurrence were reported to be highest in
children under 1 year and lowest in children aged
3-5 years. Owing to the nature of the study, all
children were managed according to standard
clinical practice. Consequently, all children with
reflux received prophylactic antibiotics and/or
assessment for surgery. To determine the
prognosis of those children in which reflux status
was not identified following the first attack (i.e for
those strategies in which imaging was not included
and for false-negative results based on imaging for
reflux), it was necessary to adjust the estimates
reported in Panaretto.**®

The assumed treatment effect of the appropriate
management of reflux was based on evidence
identified from a previous systematic review®** for
the effectiveness of long-term cotrimaxazole for
the prevention of recurrent UTI. The treatment
effect applies to all children diagnosed with
recurrent UTT (second UTI for those diagnosed
correctly at first UT1, and third UTT for those
incorrectly diagnosed at first UTT) at any stage in
the model. The treatment effect applies to all
subsequent episodes of UTI. The reported
treatment effect was then used to adjust the data
reported in Panaretto®®® to obtain the likely
recurrence rates in the absence of appropriate
treatment for reflux. In this way the model uses

RCT evidence for the effect of treatment on the
frequency of recurrent UTI, combined with
observational evidence, to estimate the longer
term impacts on quality-adjusted life expectancy
and resource use, for the alternative pathways
outlined previously.

Given these inputs and the structure shown in
Figure 32, the long-term costs and QALY
decrements are shown in Tables 44 (girls) and 45
(boys) of Appendix 9 for each of the pathways in
the short-term model. In each case, pathway-
specific costs and effects are shown for four
subgroups of children: those aged less than 1 year,
those aged 1-2 years, those aged 2-3 years and
those over 3 years.

Strategies evaluated

Table 37 lists the 79 diagnostic strategies evaluated
in the model. In principle, there are thousands of
alternative strategies that could be compared,
representing different tests, sequences and
combinations relating to UTT and reflux. The
guiding principle in selecting strategies for
evaluation is those for which evidence on test
performance exists. The large number of
sequential tests has not been considered given the
limited evidence reported on test combinations in
the literature. In the absence of adequate data on
the correlation between tests results it would
represent an unrealistic assumption to assume that
test results are independent. The only sequential
strategy that is therefore considered in the
strategies is where the second test/scan can
reasonably be assumed to be definitive (e.g.
laboratory culture for UTT or MCUG for reflux).

A range of possible strategies exists where, for
tests with multiple elements such as a dipstick with
nitrite and LE, those with indeterminate tests
results (e.g. positive for nitrate and negative for
LE) go on to receive subsequent tests. Estimating
the number of indeterminates for all studies as in
Figure 13 would not have been possible for a
probabilistic model, owing to the correlation
between positive/positive tests and
negative/negative results. Therefore, for a certain
combination of positive/positive and
negative/negative results the resulting number of
indeterminate (negative/positive or
positive/negative) test results may have been
negative, which would not make clinical sense.
Defaulting to a deterministic model, to allow the
calculation of indeterminate test results from all
studies, would not allow the full characterisation of
uncertainty in model input parameters. For
decision models in which there is a non-linear
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TABLE 37 List of strategies evaluated in the model

Strategy no.

VWoONOULIAWN —

Strategy detail

Treat none (no diagnostic)

Treat all (no diagnostic)

Treat all, followed by ultrasound

Treat all, followed by enhanced ultrasound

Treat all, followed by MCUG

Nitrate

LE

Glucose

Nitrate and LE

Nitrate or LE

Pyuria

Bacteriuria

Pyuria and bacteriuria

Pyuria or bacteriuria

Culture

Laboratory culture

Nitrate, followed by ultrasound

LE, followed by ultrasound

Glucose, followed by ultrasound

Nitrate and LE, followed by ultrasound

Nitrate or LE, followed by ultrasound

Nitrate, followed by enhanced ultrasound

LE, followed by enhanced ultrasound

Glucose, followed by enhanced ultrasound

Nitate and LE, followed by enhanced ultrasound
Nitrate or LE, followed by enhanced ultrasound
Nitrate, followed by MCUG

LE, followed by MCUG

Glucose, followed by MCUG

Nitrate and LE, followed by MCUG

Nitrate or LE followed by MCUG

Pyuria, followed by ultrasound

Bacteriuria, followed by ultrasound

Pyuria and bacteriuria, followed by ultrasound

Pyuria or bacteriuria, followed by ultrasound

Culture, followed by ultrasound

Laboratory culture, followed by ultrasound

Pyuria, followed by enhanced ultrasound

Bacteriuria, followed by enhanced ultrasound

Pyuria and bacteriuria, followed by enhanced ultrasound
Pyuria or bacteriuria, followed by enhanced ultrasound
Culture, followed by enhanced ultrasound

Laboratory culture, followed by enhanced ultrasound
Pyuria, followed by MCUG

Bacteriuria, followed by MCUG

Pyuria and bacteriuria, followed by MCUG

Pyuria or bacteriuria, followed by MCUG

Culture, followed by MCUG

Laboratory culture, followed by MCUG
Nitrate/laboratory, followed by ultrasound
LE/laboratory culture, followed by ultrasound
Glucose/laboratory, followed by ultrasound

Nitrate and LE/laboratory culture, followed by ultrasound
Nitrate or LE/laboratory culture, followed by ultrasound
Nitrate/laboratory culture, followed by enhanced ultrasound
LE/laboratory culture, followed by enhanced ultrasound
Glucose/laboratory culture, followed by enhanced ultrasound
Nitrate and LE/laboratory culture, followed by enhanced ultrasound
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Diagnostic tree

Treat none

Treat all

Treat all/image
Treat all/image
Treat all/image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single/no image
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Single diagnostic
Multiple diagnostic®
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic

continued
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TABLE 37 List of strategies evaluated in the model (cont’d)

59 Nitrate or LE/laboratory culture, followed by enhanced ultrasound
60 Nitrate/laboratory culture, followed by MCUG

61 LE/laboratory, followed by MCUG

62 Glucose/laboratory, followed by MCUG

63 Nitrate and LE/laboratory culture, followed by MCUG

64 Nitrate or LE/laboratory culture, followed by MCUG

65 Pyuria/laboratory culture, followed by ultrasound

66 Bacteriuria/laboratory culture, followed by ultrasound

67 Pyuria and bacteriuria/laboratory culture, followed by ultrasound
68 Pyuria or bacteriuria/laboratory culture, followed by ultrasound

69 Culture/laboratory culture, followed by ultrasound

70 Pyuria/laboratory culture, followed by enhanced ultrasound

71 Bacteriuria/laboratory culture, followed by enhanced ultrasound
72 Pyuria and bacteriuria/laboratory culture, followed by enhanced ultrasound
73 Pyuria or bacteriuria/laboratory culture, followed by enhanced ultrasound
74 Conventional/laboratory culture, followed by enhanced ultrasound
75 Pyuria/laboratory culture, followed by MCUG

76 Bacteriuria/laboratory culture, followed by MCUG

77 Pyuria and bacteriuria/laboratory culture, followed by MCUG

78 Pyuria or bacteriuria/laboratory culture, followed by MCUG

79 Culture/laboratory culture, followed by MCUG

Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic
Multiple diagnostic

9 Multiple diagnostic refers to diagnostic test followed by a confirmatory laboratory culture for all positive results.

relationship between inputs and outputs (e.g.
Markov models), probabilistic methods provide
the only reliable method of estimating mean costs
and outcomes.”!

Incorporating the correlation between
positive/positive and negative/negative tests in the
probabilistic model would have restricted the
analysis to the subset of studies for which the test
performance was reported in sufficient detail to
identify separately the indeterminate tests. To
have assessed the strategies using data from only a
subgroup of studies would have risked conflicting
results for those strategies that have been
evaluated based on all available strategies, making
interpretation and conclusions difficult.
Furthermore, none of the dipstick combinations
separately specified which element of the test (e.g.
nitrate or LE) was positive. Therefore, although
these strategies are highly policy relevant, the
evidence base was considered too limited to
evaluate them.

The strategies differ in terms of which diagnostic
elements they include, and this is illustrated with a
series of specific diagnostic trees, presented as
Figures 34-37 in Appendix 9. Strategy 1 represents
a ‘boundary’ scenario in that, although it is
unlikely to be considered in routine practice, the
cost-effectiveness of the strategy helps in the
interpretation of other results in the analysis. With
this strategy, no diagnostic tests are performed for

UTTI and no treatment is offered for UTT; no
scanning for reflux is undertaken. Strategy 2 also
represents a boundary strategy, where no tests are
undertaken and every presenting child is treated
for UTI, and no scanning is undertaken.

Strategies 3-5 represent strategies where no
diagnostic tests are undertaken for UTT and all
children are treated with short-term antibiotics,
but all children go on for scanning for reflux with
alternative tests. Strategies 6-16 represent
variations on a strategy where a test for UTT is
undertaken (with one of several technologies) and
treatment offered to positive cases, but no
scanning is undertaken for reflux.

Strategies 17-49 include tests for UTI, with
positive cases treated with antibiotics and

going on for a scan for reflux. The remainder of
the strategies in Table 37 are the same as for
strategies 17-49, but all positive tests for UTT are
then sent for a confirmatory laboratory-based
culture.

Given that the studies used to derive the estimates
of sensitivity and specificity for the glucose tests
were of poor quality and dated (see the section
‘Glucose’, p. 35), and the test considered is not
currently commercially available in the NHS, the
main results are reported excluding glucose
strategies. However, since the results for the
glucose studies were reported to have the highest
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accuracy in terms of both ruling in and ruling out
disease, a separate sensitivity analysis was
undertaken including glucose strategies. Owing to
the practical limitations of performing this test in
very young children (see the section ‘Glucose’,

p- 35), the results are only presented in children
aged 3 years and over.

Analytical methods

All models were implemented in Microsoft Excel
2000. Each strategy is evaluated in terms of its
expected costs and decrements in QALYs.
Expected costs include the costs of testing and
treatment in the short-term model, as well as the
costs of treatment and complications in the long-
term model. Expected decrements in QALYs
include the health effects of UTIs (differentiating
between lower UTIs and pyelonephritic attacks,
and between those that are treated and those that
are not) and the health implications of long-term
renal complications.

To rank the large number of strategies in terms of
cost-effectiveness, the concept of net monetary
benefit (NMB)?% is used, rather than standard
decision rules based around the incremental cost-
effectiveness ratio. The NMB is simply a construct
to place the expected costs and QALYs of a
strategy on the same scale, and this is achieved by
translating expected QALYs into a monetary value
using a figure for the maximum willingness to pay
for a QALY. If this maximum willingness to pay is
termed A, and ex QALY and ex cost are the
expected values of QALYs and costs, respectively,
from the model, then the expected NMB for
strategy ¢ is:

Ex NMB,; = [Ex QALY; x A\] — Ex Cost;

Given that the maximum willingness to pay for an
additional QALY is unknown, results are presented
for a range of these values (£0-50,000 in £1000
intervals). On this basis, each of the 78 strategies
is ranked in terms of their expected NMB.

To allow for the uncertainty associated with the
parameter inputs in the model, probabilistic
sensitivity analysis*!” is used. The distributions
used in the probabilistic analysis are defined in the
respective input tables (Tables 31-36). Second
order Monte Carlo simulation is used to identify
the proportion of simulations for which a given
strategy is ranked first out of all those evaluated.

These results are conditional on the structure of
the model and the data inputs used. Sensitivity
analysis is also undertaken to rerun the analysis
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including glucose tests. This is because the
evidence base relating to these tests is old and its
quality is doubtful.

Results

Tables 38 and 39 provide full details of the ranking
(in terms of expected NMB) of each of the
strategies, excluding the glucose-based strategies
for the base-case analysis.. In the base-case
analysis separate results are provided for each of
the eight sub-groups of children. In addition, a
separate sensitivity analysis including glucose
strategies is reported in Appendix 9 (Zables 46 and
47). The sensitivity analysis is constrained to
children aged over 3 years. In addition, the tables
presented in Appendix 10 show the results of the
Monte Carlo simulation in terms of the probability
that each of the strategies is ranked first.

Base-case analysis (excluding glucose strategies)
Table 38 provides the summary results for
strategies that exclude a glucose test for UTI. The
results are shown for each subgroup of girls by
indicating the optimal strategy (the strategy
ranked first in terms of expected NMB) and the
probability of that strategy being ranked first. A
number of strategies is identified as optimal over
the range of willingness-to-pay thresholds.
Strategy 2 (treating all children without any prior
diagnostic test) is the most cost-effective at lower
threshold values: until £7000, £10,000, £13,000
and £27,000 for the subgroups less than 1 year,
1-2, 2-3 and over 3 years, respectively. The next
most optimal strategy is 30 (nitrite and LE,
tollowed by MCUG) until thresholds of £17,000,
£24,000, £29,000 and £49,000 for the four
subgroups, respectively. Strategy 48 (laboratory
culture, followed by MCUG) is the most cost-
effective as the willingness-to-pay threshold
becomes yet higher, although for relatively few
threshold values: until £18,000, £27,000, £35,000
and £50,000 for the four subgroups, respectively.
As the willingness-to-pay thresholds move up
towards £50,000 per additional QALY (the
maximum value considered here), strategy 64
(nitrite or LE, followed by laboratory culture for
positive tests, followed by MCUG) becomes the
most cost-effective strategy for girls aged 3 years
or less. For all subgroups of girls, the probability
of the strategy with the highest expected NMB
being the optimal strategy varies widely, between
0.12 and 0.67.

Table 39 provides, on a similar basis, the summary
results for each subgroup of boys. Strategy 2
(treating all children without any prior diagnostic
test) is optimal until a willingness-to-pay threshold
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TABLE 38 Optimal strategy (and probability ranked first) for each subgroup of girls as a function of the threshold willingness to pay for
an additional QALY, excluding glucose test

Threshold Girl < | year Girl 1-2 years Girl 2-3 years Girl > 3 years
value (£)
Optimum Prob. Optimum Prob. Optimum Prob. Optimum Prob
ranked Ist ranked Ist ranked Ist ranked Ist
0 2 0.677 2 0.682 2 0.712 2 0.665
1,000 2 0.757 2 0.759 2 0.784 2 0.739
2,000 2 0813 2 0818 2 0.83 2 0.801
3,000 2 0.807 2 0.862 2 0.858 2 0.857
4,000 2 0.755 2 0.874 2 0.864 2 0.892
5,000 2 0.679 2 0.843 2 0.838 2 0919
6,000 2 0.594 2 0.794 2 0.8 2 0918
7,000 2 0.522 2 0.753 2 0.744 2 0.922
8,000 30 0.299 2 0.697 2 0.691 2 0.908
9,000 30 0.313 2 0.619 2 0.638 2 0.901
10,000 30 0.315 2 0.575 2 0.588 2 0.889
11,000 30 0.324 30 0.257 2 0.548 2 0.873
12,000 30 0.323 30 0.27 2 0.505 2 0.857
13,000 30 0.326 30 0.278 2 0.462 2 0.841
14,000 30 0.323 30 0.292 30 0.222 2 0.826
15,000 30 0.316 30 0.306 30 0.222 2 0.804
16,000 30 0.305 30 0.31 30 0.227 2 0.791
17,000 30 0.294 30 0.302 30 0.222 2 0.776
18,000 48 0.188 30 0.295 30 0.219 2 0.758
19,000 64 0.157 30 0.303 30 0.215 2 0.745
20,000 64 0.169 30 0.296 30 0.213 2 0.722
21,000 64 0.172 30 0.297 30 0.218 2 0.709
22,000 64 0.173 30 0.287 30 0.215 2 0.696
23,000 64 0.177 30 0.275 30 0.21 2 0.686
24,000 64 0.178 30 0.277 30 0.212 2 0.674
25,000 64 0.185 48 0.189 30 0.205 2 0.661
26,000 64 0.189 48 0.196 30 0.208 2 0.648
27,000 64 0.197 48 0.202 30 0.205 2 0.633
28,000 64 0.199 64 0.137 30 0.2 30 0.167
29,000 64 0.202 64 0.14 30 0.193 30 0.161
30,000 64 0.207 64 0.144 48 0.14 30 0.167
31,000 64 0.204 64 0.147 48 0.143 30 0.165
32,000 64 0.209 64 0.149 48 0.143 30 0.167
33,000 64 0.21 64 0.153 48 0.143 30 0.171
34,000 64 0.211 64 0.153 48 0.141 30 0.174
35,000 64 0.214 64 0.159 48 0.141 30 0.171
36,000 64 0.213 64 0.163 64 0.137 30 0.17
37,000 64 0.214 64 0.168 64 0.139 30 0.168
38,000 64 0.217 64 0.164 64 0.142 30 0.166
39,000 64 0.218 64 0.166 64 0.147 30 0.165
40,000 64 0.214 64 0.17 64 0.148 30 0.16
41,000 64 0.213 64 0.17 64 0.148 30 0.167
42,000 64 0.209 64 0.174 64 0.151 30 0.167
43,000 64 0.208 64 0.178 64 0.152 30 0.169
44,000 64 0.207 64 0.18 64 0.15 30 0.173
45,000 64 0.208 64 0.183 64 0.149 30 0.169
46,000 64 0.204 64 0.18 64 0.147 30 0.169
47,000 64 0.196 64 0.175 64 0.148 30 0.166
48,000 64 0.196 64 0.179 64 0.152 30 0.161
49,000 64 0.193 64 0.176 64 0.154 30 0.163
50,000 64 0.19 64 0.176 64 0.152 48 0.12

Details of strategies are given in Table 37.
Prob, probability.
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TABLE 39 Optimal strategy (and probability ranked first) for each subgroup of boys as a function of the threshold willingness to pay
for an additional QALY, excluding glucose tests

Threshold Boy < | year Boy 1-2 years Boy 2-3 year Boy > 3 years
value
Optimum Prob. Optimum Prob. Optimum Prob. Optimum Prob.
ranked Ist ranked Ist ranked Ist ranked Ist
0 2 0.683 2 0.7 2 0.684 2 0.685
1,000 2 0.759 2 0.765 2 0.743 2 0.748
2,000 2 0.809 2 0814 2 0.802 2 0.809
3,000 2 0.867 2 0.849 2 0.838 2 0.853
4,000 2 0.903 2 0.882 2 0.878 2 0.885
5,000 2 0.9 2 0.893 2 0.902 2 0.907
6,000 2 0.891 2 0.9 2 0.921 2 0.932
7,000 2 0.872 2 0.89 2 0.93 2 0.936
8,000 2 0.831 2 0.874 2 0.928 2 0.936
9,000 2 0.774 2 0.848 2 0.928 2 0.927
10,000 2 0.723 2 0.82 2 0.921 2 0914
11,000 2 0.68l 2 0.776 2 0912 2 0.907
12,000 2 0.636 2 0.754 2 0.898 2 0.902
13,000 2 0.599 2 0.718 2 0.885 2 0.893
14,000 2 0.562 2 0.69 2 0.873 2 0.875
15,000 30 0.253 2 0.65 2 0.854 2 0.861
16,000 30 0.27 2 0.622 2 0.83 2 0.843
17,000 30 0.263 2 0.595 2 0.809 2 0.83
18,000 30 0.274 2 0.575 2 0.79 2 0.821
19,000 30 0.283 30 0.213 2 0.776 2 0.804
20,000 30 0.274 30 0.22 2 0.755 2 0.79
21,000 30 0.279 30 0.223 2 0.736 2 0.778
22,000 30 0.279 30 0.225 2 0.71 2 0.768
23,000 30 0.281 30 0.23 2 0.698 2 0.759
24,000 30 0.282 30 0.231 2 0.689 2 0.751
25,000 30 0.279 30 0.229 2 0.672 2 0.745
26,000 30 0.271 30 0.228 2 0.662 2 0.737
27,000 30 0.268 30 0.223 2 0.648 2 0.728
28,000 30 0.261 30 0.227 2 0.639 2 0.721
29,000 30 0.263 30 0.229 2 0.628 2 0.715
30,000 30 0.258 30 0.229 2 0.618 2 0.709
31,000 30 0.253 30 0.224 2 0.609 2 0.704
32,000 48 0.179 30 0.225 2 0.599 2 0.694
33,000 48 0.186 30 0.219 2 0.588 2 0.683
34,000 48 0.189 30 0.209 2 0.582 2 0.678
35,000 48 0.192 30 0.206 30 0.155 2 0.668
36,000 48 0.19 30 0.203 30 0.164 2 0.663
37,000 64 0.125 48 0.185 30 0.164 2 0.656
38,000 64 0.13 48 0.185 30 0.169 2 0.65
39,000 64 0.133 48 0.185 30 0.17 2 0.648
40,000 64 0.136 48 0.187 30 0.172 2 0.643
41,000 64 0.139 48 0.187 30 0.173 2 0.63
42,000 64 0.147 48 0.187 30 0.173 2 0.62
43,000 64 0.149 48 0.189 30 0.173 30 0.111
44,000 64 0.158 48 0.187 30 0.175 30 0.109
45,000 64 0.159 48 0.188 30 0.174 30 0.108
46,000 64 0.163 48 0.191 30 0.176 30 0.108
47,000 64 0.165 64 0.141 30 0.177 30 0.106
48,000 64 0.168 64 0.141 30 0.174 30 0.104
49,000 64 0.171 64 0.144 30 0.171 30 0.108
50,000 64 0.173 64 0.146 30 0.172 30 0.11

Details of the strategies are given in Table 37.
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Economic analysis

of £14,000, £18,000, £34,000 and £42,000 per
additional QALY for the subgroups less than

1 year, 1-2, 2-3 and over 3 years, respectively.
Strategy 30 (nitrate and LE, followed by MCUG)
becomes optimal at the next step up of the
willingness-to-pay threshold: until £31,000 and
£36,000 for the less than 1 year and 1-2 years
subgroups, and all the way to £50,000 (the
maximum threshold considered here) for the two
oldest subgroups. For the two youngest subgroups,
strategy 48 (laboratory culture, followed by
MCUG) is optimal until maximum willingness-to-
pay thresholds of £36,000 and £46,000 for the less
than 1 year and 1-2 years subgroups, respectively.
Strategy 64 (nitrite or LE, followed by laboratory
culture for positive tests, followed by MCUG) is
cost-effective for the two youngest subgroups from
these thresholds to £50,000, the maximum
considered here. For all subgroups of boys, the
probability of the strategy with the highest
expected NMB being the optimal strategy varies
widely, between 0.11 and 0.68.

Sensitivity analysis (including glucose strategies in
children aged over 3)

Table 46 in Appendix 9 provides a summary of the
results for girls, using a similar approach to the
last tables, but including glucose strategies. The
table indicates that strategy 2 (treating all children

without any prior diagnostic test) is the optimal
strategy at lower levels of willingness to pay for a
QALY. This is the optimal strategy until £24,000
per QALY for girls aged over 3 years. After these
thresholds, strategy 29 (the use of a glucose test
followed by MCUG) is optimal for all subgroups
up to the maximum willingness-to-pay threshold
considered (£50,000 per QALY). For all
subgroups, the probability of the strategy with the
highest expected NMB being the optimal strategy
varies widely, between about 0.3 and 0.9
depending on how close the threshold is to the
point at which the optimal strategy will change.

Table 47 in Appendix 9 shows the summary results
for the subgroup of boys aged over 3 years. A
similar pattern to that for girls emerges. As for the
girls, the table indicates that strategy 2 (treating
all children without any prior diagnostic test) is
the optimal strategy at lower levels of willingness
to pay for a QALY, but strategy 29 (the use of a
glucose test followed by MCUG) is optimal for
higher levels of willingness to pay. Compared with
the results for girls, however, the willingness-to-
pay threshold at which the optimal strategy

shifts from 2 to 29 is higher for the boys in this
age group. Strategy 2 is optimal until the
threshold is £40,000 per QALY for boys

aged over 3 years.
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Chapter 7

Discussion

Systematic review methodology

Literature searches

Extensive literature searches were conducted in an
attempt to locate all relevant studies that met
inclusion criteria. These included electronic
searches in a wide variety of databases, scanning
the references of included studies, contacting
experts in the field and handsearching. Diagnostic
accuracy studies are very difficult to identify from
electronic databases as there are no specific
indexing terms for diagnostic accuracy studies.?
Therefore, very sensitive searches were carried out
to ensure that relevant studies were not missed.
Attempts were also made to identify unpublished
studies. These included contacting experts in the
field and searching research registers, conference
proceedings, grey literature and the Internet. It is
unlikely that any relevant published studies have
been missed, although it is possible that some
unpublished studies were not identified.

66

The possibility of publication bias remains a
potential problem in this review. However,
although publication bias is likely to exist for
studies of diagnostic accuracy, it may be less of a
problem than for intervention studies. For
intervention studies there is a clear cut-off
defining whether an intervention works; that is,
whether there is a significant difference in
outcome between the treatment and control, and
whether this difference favours the intervention.
This is not the case for studies of diagnostic
accuracy, where studies evaluate the agreement
between the results of the index test and a
reference standard. It is possible, and indeed
likely, that studies that report higher estimates of
test performance are more likely to be published,
but the extent to which this occurs is unclear.
There is evidence that publication bias is a
particular problem for studies of small sample
size, although these data are general and do not
come from the diagnostic literature.?5728 This
review was restricted to studies that included at
least 20 children, meaning that this type of
publication bias is less likely to be a problem. The
authors are unaware of any publications on
publication bias in diagnostic tests or on methods
to assess formally publication bias in a diagnostic
systematic review.
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Inclusion assessment and data
extraction

Clear inclusion and exclusion criteria were set
out in the protocol for this review. It is

therefore explicit exactly which studies were
eligible and which were not. A list of studies that
appeared initially relevant but that did not meet
all of the inclusion criteria for the review is
provided in Appendix 7. Anyone who feels that a
particular study may have been missed can
therefore refer to this list to see whether it was
identified and, if so, why it was not included in
the review.

Data extraction was carried out using structured
forms to ensure that information was extracted in
a standardised manner. Detailed data extraction
tables are provided in Appendix 5 and 6 to give
readers further information on any studies in
which they may be particularly interested.
Inclusion assessment and data extraction were
both performed by one reviewer and checked by a
second. This helps to minimise errors in these
processes and to ensure that they are carried out
in an objective and reproducible manner.

Quality assessment

This review was used as an opportunity to pilot the
QUADAS tool. This tool was developed as part of
a previous HTA project?’ to be used in systematic
reviews of diagnostic tests to assess the quality of
diagnostic accuracy studies. The use of QUADAS
in this review allowed the quality of the studies to
be assessed using criteria developed though an
evidence-based method.

Regression analysis was used to investigate the
impact of components of study quality on
diagnostic accuracy. This analysis was severely
limited, however, by the completeness of reporting
and the differences between the index tests
evaluated and the reference standards used to
confirm diagnoses in the primary studies. Few tests
were evaluated by sufficient studies to allow
meaningful use of meta-analytical pooling and
investigation of heterogeneity. In addition, the
analyses did not differentiate between the
presence of a particular methodological bias and
the absence of sufficient information to determine
whether or not bias was present.
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Studies of different diagnostic tests are likely to
vary in their openness to the effects of different
sources of methodological bias. This review
included both tests with largely objective methods
of interpretation (e.g. dipstick tests, microscopic
cell counts) and tests with more subjective
interpretations (e.g. imaging techniques). It might
be expected that tests with more subjective
interpretations would be more vulnerable to biases
associated with inadequate blinding. This
hypothesis was not supported by the results of
the regression analysis. Disease progression bias
would be unlikely to be a factor in studies of tests
to diagnose UTI, where index test and reference
standard are usually conducted on the same
urine sample. Conversely, in the further
investigation of UTT a clinically significant gap
may occur between index test and reference
standard (particularly in the case of imaging
studies, where appointment scheduling may be
difficult). Verification bias may therefore be
expected to be more significant in the

evaluation of imaging studies, as was observed

in studies evaluating ultrasound for the detection
of reflux. For tests to diagnose UTI, analyses
showed an association between a number of
variables potentially relating to quality of
reporting and diagnostic accuracy (well-reported
studies had higher DORs). One might expect
this association to extend to diagnostic accuracy
studies of all types of tests, but the data derived
from this review are not adequate to demonstrate
this.

Given the limitations described, the results of the
regression analyses should be treated as hypothesis
generating. Large data sets of well-reported
primary studies are required to elucidate the
influence of components of the methodological
quality of primary studies on the results of any
diagnostic meta-analysis. Without significant
improvements in the reporting of primary studies,
progress in this area will be limited. The
components of quality assessment should always
be reported, and their impact on summary
outcome measures investigated, individually rather
than as summary quality scores.

Synthesis

All measures of diagnostic accuracy rely on the
assumption that diagnoses made using the
reference standard are 100% correct. As only three
studies of tests used to diagnose UTT reported
reference standards other than culture, and culture
is generally regarded as the reference standard of
diagnosis in current practice, the analyses were
conducted using culture as the reference standard.

It remains a possibility, as with most reference
standards, that diagnosis is not perfect and as such
a better reference standard may be available.
However, there is currently insufficient primary
research available to shed light on this question.
There is a general variation in the reference
standards of diagnosis used by studies evaluating
tests for the further investigation of UTI. Given
the lack of consensus around appropriate
reference standards in this area, the authors chose
to consider all reported combinations of index
tests and reference standards. This is a particular
issue in tests used to detect renal scarring; four
studies evaluated IVP (the historical reference
standard) in comparison with *"Tc-DMSA renal
scintigraphy (the currently excepted reference
standard), and seven studies evaluated

99mTe DMSA renal scintigraphy in comparison
with IVP. The data from these studies indicate
incomplete agreement between the two tests, but
do not provide information on their relative
contributions to the assessment of renal scarring.
In this situation, the multivariable prediction
modelling approach (described in the section
‘Diagnosis of UTT’, p. 139) may represent a more
useful design for primary research than diagnostic
accuracy studies.

Sensitivity, specificity and likelihood ratios were
chosen to summarise estimates of test
performance. Ranges in sensitivity and specificity
were reported, as these were the measures most
commonly reported by the primary studies and
they can be used to produce ROC plots. ROC
plots provide an easy-to-interpret visual summary
of all the studies included in a review. They enable
the reader quickly to assess the variability between
studies, the accuracy of the test and whether there
appears to be a threshold effect.

Likelihood ratios were chosen as the primary
effect measure as these are the measure that
physicians find easiest to interpret.?®Y Pooled
likelihood ratios and estimates of the pretest
probability of disease were used to calculate
estimates of the post-test probability of disease.
These measures provide a simple illustration of
how the results of a test change the probability of
disease and help the reader to determine how
useful a test is likely to be in practice. Where
possible, estimates of the pretest probability of
disease were taken from published data. When
these data were not available, estimates from the
studies included in this review were used. The
main limitation of this approach was the
considerable heterogeneity in pooled likelihood
ratios; it is debatable whether it is appropriate to
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pool these estimates. It is important that pooled
estimates are interpreted with caution and that the
heterogeneity between studies is considered when
interpreting these results. A further problem with
this analysis is that positive and negative
likelihood ratios were pooled individually. These
measures are likely to be correlated within an
individual study and so ignoring this correlation
may be problematic.?”

A regression analysis was conducted to investigate
possible explanations for the observed
heterogeneity. This analysis was carried out
according to standard methods for pooling studies
of diagnostic accuracy using the summary ROC
approach.®® This method takes the DOR as the
dependent variable. The DOR is used as a single
indicator of test performance and shows how
much more often a positive test result occurs in a
person with the condition of interest than in one
without the condition.?”® Using the DOR for
further investigation of heterogeneity means that
one can only assess whether the factors
investigated are associated with the DOR and not
with sensitivity and specificity, or with positive and
negative likelihood ratios. Often factors that lead
to an increase in sensitivity will lead to a decrease
in specificity and vice versa. Factors that lead to
such changes in sensitivity and specificity may
have no effect on the DOR. Using the DOR for
further investigation of heterogeneity may thus
miss relevant clinical associations. Recently, a new
method for pooling sensitivity and specificity has
been developed. This method is known as the
bivariate model.>”" It preserves the underlying
two-dimensional nature of the data and produces
direct pooled estimates of sensitivity and
specificity, incorporating any correlation that may
exist between these two measures. The model can
be extended to include explanatory variables
leading to separate effects on sensitivity and
specificity. This method has two advantages over
the standard methods used in this review: first,
the pooled estimates of sensitivity and specificity
take into account the correlation between these
two measures; and secondly, the effect of possible
sources of heterogeneity on both sensitivity and
specificity can be investigated in a single model
rather than just looking at the effect of these
variables on a single measure of test
performance, the DOR. These methods have only
been very recently developed and were not
available at the time the analysis for this review
was conducted. If the analysis were to be repeated
it would be interesting to compare the results
obtained using the bivariate model to the results
presented here.
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Economic modelling (methodology
and findings)

The cost-effectiveness modelling presented here
has found that the optimal diagnostic strategy for
children presenting with symptoms suggestive of
UTI depends on two key factors. The first is the
relevant subgroup of children concerned, in terms
of gender and age. The second is the health
service’s maximum willingness to pay for an
additional QALY. With respect to the first issue,
the willingness-to-pay threshold at which the
optimal strategy switches to the use of diagnostic
tests for confirming UTT and imaging for reflux
difters markedly across these subgroups. The
difterences reported between girls and boys can
largely be accounted for by the higher probability
of recurrent UTTI in girls (and hence a higher
number of accumulated pyelonephritic attacks
which are linked to the development of renal
scarring and ultimately ESRD). Similarly, since the
probability of recurrent UTT appears higher in
children aged under 3 years (and, in particular, for
boys aged under 1 year), the use of diagnostic
tests and imaging appears more cost-effective than
in children aged 3-5 years.

With respect to the issue of the appropriate value
tor the health service’s willingness to pay for a
QALY, this threshold should inevitably depend on
the opportunity cost of introducing a new service;
that is, the benefits forgone by reducing and
eliminating other services and programmes to free
up the resources to fund a more expensive
approach to UTI in children. This opportunity
cost is likely to vary markedly in different settings,
and providing a good estimate of its value will
depend on acquiring more evidence on the costs
and benefits of those services (across a range of
specialities and sectors) that the healthcare system
currently provides.

Given the difficulty in quantifying the opportunity
cost of a new service, many decision-makers have
adopted the rule of thumb that they are willing to
pay for a new service, programme or intervention
if its incremental cost per additional QALY is less
than some willingness-to-pay threshold. In the
UK, NICE has indicated that, although it has no
fixed threshold, a threshold of around £30,000
per QALY gained is likely to be used in practice.’!

The base-case analysis suggests that the most cost-
effective strategy for girls would be a combined
dipstick test, with a positive defined with either
nitrite or LE, followed by laboratory culture for
positive tests, followed by MCUG for reflux. This
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conclusion would apply to the two youngest
subgroups of girls (less than 1 year and 1-2 years).
This strategy would be cost-effective in the
subgroup aged 2-3 years as long as the health
service was willing to pay up to £36,000 per QALY.
For the oldest subgroup (girls aged over 3 years), a
laboratory culture, followed by MCUG, would
appear to be the most cost-effective.

For boys, the most cost-effective strategy, assuming
a threshold willingness to pay of £30,000 per
QALY, will vary by subgroup. In boys aged less
than 1 year, a strategy of using a dipstick test and
defining a positive as a positive nitrate and LE,
followed by MCUG, would be cost-effective,
although a laboratory culture followed by MCUG
may also be considered. For boys aged 1-2 years, a
positive nitrite and LE followed by MCUG would
be the most cost-effective. For the two oldest sub-
groups, treating all children without any prior
diagnostic test would appear to be the most cost-
effective strategy.

A separate sensitivity analysis was undertaken to
include a series of additional strategies based on
glucose testing for the detection of UTI. This
analysis was confined to children aged over 3 years
owing to the practical difficulties associated with
this test in younger children. The results from this
analysis suggest that glucose testing may be cost-
effective in girls in this older age group. In girls
aged over 3 years, use of a glucose dipstick test
followed by MCUG appears to be the most cost-
effective strategy. The base-case results, for boys
aged over 3 years, did not alter when the glucose
strategies were included. Consequently, treating
boys in this age group without any prior
diagnostic test remained the most cost-effective
strategy. Despite this finding in girls aged over

3 years, these results should be interpreted with
some caution given the poor quality of the studies
considered in this area. Furthermore, since the
glucose test considered is not commercially
available in the NHS, the strategies including this
test may not be considered relevant alternatives.
In the absence of a suitable estimate for the cost of
a glucose test, the assumption was made that this
would be similar to other dipstick tests. However,
the provisional findings from both the
effectiveness review and the economic analysis
suggest that further research may be worthwhile
with respect to this test.

The decision model presented here provides the
first comprehensive cost-effectiveness analysis of
alternative diagnostic strategies for UTI in
children of which the reviewers are aware. The

comprehensive nature of the analysis comes from
the fact that the available evidence base has been
synthesised and incorporated into the model as
fully as possible. It also reflects the fact that, by
mapping short-term outcomes to a prognostic
model, it has been possible to express the cost-
effectiveness of alternative diagnostic strategies in
terms of QALYs. The use of this generic measure
provides decision-makers with a basis of
comparison with other uses of healthcare resources
in a range of sectors, disease areas and specialities.
The only other decision model assessing the cost-
effectiveness of alternative diagnostic strategies for
UTI in children was by Downs'® and was fully
reviewed in this document. However, it is difficult
to compare Downs’ results with those presented
here. This is because the present review has
considered a much fuller range of strategies, and
expressed cost-effectiveness in terms of cost per
QALY rather than using event-specific outcomes.

The main weakness of the modelling work is that
it can only assess those diagnostic strategies for
which evidence exists on test performance. In
principle, there is a huge number of additional
strategies, over and above those considered here,
that may be used in practice. These include
sequential strategies where one diagnostic test is
used on all children and then another is used for
positive or indeterminate cases. The only
sequential test of this type that has been evaluated
here is where children with a positive UTT test are
sent for a confirmatory laboratory culture, which is
assumed to be 100% sensitive and specific. For
tests that cannot be assumed to be 100% accurate,
it was not possible to model sequences as no
evidence was identified on the correlations
between test results; for example, it may be the
case that a negative result on the first test in the
sequence is likely to be followed by a negative test
on the second test because their results are
correlated. In the absence of evidence on
correlations, it would have been unrealistic to
model sequential strategies assuming
independence in test results.

A second set of strategies for which the evidence
base is too limited for their inclusion in the
probabilistic model relates to indeterminate test
results for those tests, such as nitrite and LE
dipsticks and microscopy, producing two results. In
practice, if one part of the test is positive and one
negative, a clinician may choose to use another
sequential test in those indeterminate cases. An
additional weakness is that there are only limited
data on correlations between test results.
Furthermore, the performance and cost-
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effectiveness of strategies involving further tests
for children with indeterminate tests would
depend on which part of the test gave the positive
result (e.g. nitrite or LE in the dipstick) because,
as this document has shown, the performance of
these separate elements differs.

In the absence of adequate longitudinal data on
the effects of imaging investigations for children
with UTT on patient outcome, data for the long-
term component of the economic model were
assembled using a series of indirect evidence links
based on the relationship reported between

(1) reflux/recurrent infections and scarring, and
(2) renal scarring and ESRD.!® Although the
parameterisation of the model reflects that there is
significant uncertainty associated with this
structural assumption, the lack of direct evidence
concerning the existence of this link and hence
the benefits of imaging have been brought into
question.?

The existing evidence on the effectiveness of
prophylactic antibiotics in preventing recurrent
UTIs has also been reported to be weak,?** owing
to the small number and poor quality of studies in
this area. In the absence of large, properly
randomised, double-blinded trials to establish the
efficacy of the long-term antibiotics, it is possible
that the treatment effects reported in existing
trials may have overestimated the true treatment
effect.?** Consequently, the model may have
overestimated the benefit of imaging in terms of
its impact on guiding subsequent treatments for
VUR. However, it should be acknowledged that
further investigation of children with UTT may
also be used to detect other conditions that were
not evaluated by any of the studies included in the
review. For example, ultrasound may be used for
other conditions, including hydronephrosis,
abscess or calculus and duplex kidneys.® Similarly,
contrast-enhanced ultrasound and MCUG may be
used to detect urethral valves. Owing to the lack of
data reported on these specific conditions, it was
not possible to incorporate any associated benefits
of the alternative imaging strategies in the
management of conditions other than VUR. This
could have implications for the both the absolute
level of benefit and the relative benefits between
the alternative imaging strategies considered in
the model.

In the absence of appropriate utility data for
children under 5, the review had to use data from
women with suspected UTIs. This is not ideal as
children may potentially have different utilities
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than women, and these may differ between boys
and girls.

Results of the systematic review
of diagnostic accuracy and clinical
effectiveness

Diagnosis of UTI

An accurate and prompt diagnosis is essential to
inform patient management decisions in young
children with suspected UTI. The first step in the
diagnostic process is to identify children
presenting to the GP’s surgery who may have a
UTI. This will inevitably involve a clinical
assessment. Only two of the studies included in
this review looked at how good a clinical
examination was at identifying children with
possible UTI. One study found that a combination
of age, race, temperature, presence of fever and
absence of another source of fever was a good test
for ruling out disease in children aged less than 2
years with fever of unknown source. A second
study looked only at temperature and found that
this was poor for both ruling in and ruling out
disease. It is unsurprising that so few studies
looked at the clinical identification of children
who may have a UTI, as the design of any such
study would present considerable problems. It is
very difficult, if not impossible, to capture the
signs and symptoms that a GP would use when
deciding to test a child for a UTI. The difficulty in
identifying children with possible UTT is
supported by the wide range of prevalences of
UTTI in the studies included in this review. Even in
those studies that included an appropriate
spectrum of children (i.e. children suspected of
having a UTT), prevalence of UTI ranged from 3
to 73%. This may be due to underlying differences
in the true prevalence of UTT in these
populations, for example due to age and gender
differences. However, the criteria used to select
children for testing for UTT are also likely to be an
important source of variation. Further research
may be useful to define from which children urine
samples should be taken to test for UTIL.

A small number of studies was included in the
review that looked at clinical features for the
diagnosis of UTI. The clinical tests investigated
included urine cloudiness, urine odour and a
combination of clinical symptoms. Urine
cloudiness was a reasonable test for the presence
of UTI, but all other clinical indices were found to
be poor tests for UTI. As these studies only
investigated a limited number of clinical features it
is not possible to draw overall conclusions about
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the accuracy of clinical information for the
diagnosis of UTI. This is an area where further
research may be useful.

In children with suspected UTI, the next step is to
collect a suitable urine sample to test for the
presence of infection. Different methods of urine
sampling may be differently susceptible to
contamination; this is associated with false-positive
results, whatever method is used to test the urine.
The issue of appropriate urine sampling
techniques is of particular concern in young
children, where the collection of a sterile,
midstream sample can be problematic. Suprapubic
aspiration has been regarded as the reference
standard collection method. This procedure is
invasive and may require the use of ultrasound
guidance to ensure that the needle is inserted into
the bladder. The identification of an alternative
sampling method with acceptable diagnostic
performance, which can readily be applied in the
GP’s surgery, and which is more acceptable to
children and parents, is therefore desirable.

The studies on urine sampling included in this
review looked at a number of different techniques
and reported heterogeneous results. The only
method for which a reasonable amount of data was
available was CVU. Culture of CVU samples
showed reasonably good agreement with culture of
SPA samples, suggesting that this may be an
appropriate routine method of urine collection.
CVU samples are difficult to collect in young
children who are not potty trained. Several
alternative collection methods have been
developed, including bag, pad and nappy
specimens. This review identified only two studies
of bag specimens. Although both studies reported
excellent specificity, and sensitivity was also
excellent in one study, sensitivity was very poor in
the other. This study was published in 1976 and so
the results may not be generalisable to today. One
further study was identified that compared culture
of a nappy/pad specimen to culture of an SPA
sample. This study found excellent agreement
between the two urine sampling techniques. Only
limited data were available on these non-invasive
methods of urine collection for young children. It
is therefore difficult to draw overall conclusions
regarding the appropriateness of their routine use.
However, the limited data suggest that both bag
and nappy/pad specimens may be suitable
substitutes for SPA. Further work is needed to
confirm this.

The main types of urine testing evaluated for the
diagnosis of UTT were dipstick and microscopy.

Culture is generally considered to be the reference
standard for UTI diagnosis. The validity of culture
as a reference standard was investigated in one
study in which the results of culture were
compared with a combined reference standard of
culture and microscopy. This study reported
excellent agreement, with 100% sensitivity and
93% specificity. The logistics of urine culture
represent a significant drawback; culture takes
approximately 48 hours to give a result, is
generally performed in the laboratory and is more
expensive than other methods. For this reason
alternative, more rapid tests are needed to guide
the prompt initiation of treatment. Dipsticks have
the advantages of providing an immediate result,
and of being both cheap and easy to perform. The
studies of dipstick tests showed considerable
heterogeneity and so the results should be
interpreted with caution. The results suggest that a
dipstick test that is positive for both LE and nitrite
is good for ruling in disease, while one that is
negative for both LE and nitrite is good for ruling
out disease; that is, if a child has a dipstick
positive for both nitrite and LE there is a very
high likelihood that they have a UTI, whereas if
they test negative for both nitrite and LE then the
likelihood of having a UTT is small. A test
combination that showed promise for both ruling
in and ruling out disease was that of a dipstick test
positive for nitrite, LE and protein. This test
combination warrants further investigation.

An additional dipstick test that provided
interesting results was that for urinary glucose,
where a negative urinary glucose is regarded as a
positive test for UTI. Only four studies of this test
were identified, and all were conducted more than
30 years ago. All studies reported excellent
specificity for this test. Sensitivity was also very
high in three of the studies, but was lower, at 64%,
in the fourth. This last study was conducted in
children aged less than 1 year, suggesting that the
test may be less useful in very young children.
This difference in performance of the test with
patient age may be explained by its apparent
dependence on an overnight, fasting sample; such
a sample would be impossible to obtain in
children who are not toilet trained. However,
given the limited results reported, this test appears
to be potentially useful for the diagnosis of UTT in
toilet-trained children. Further studies are needed
to investigate these apparently promising results.

Although, in practice, microscopy and culture are
generally requested in combination, microscopy
has the advantage of being quicker to provide a
result. Microscopy may also provide additional,
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incidental information, such as bacterial type or
presence of red cell casts (considered an indicator
of renal involvement). It may be that microscopy
has some potential as a test that could be
performed in the GP’s surgery. However, it
remains more expensive than a dipstick test and
requires some degree of expertise to perform. The
studies of microscopy showed considerable
heterogeneity, in terms of results (estimates of
sensitivity, specificity and likelihood ratios), cut-off
points, types of urine sample and population. A
urine sample that was positive for both pyuria and
bacteriuria on microscopy was found to be very
good for ruling in disease. The pooled positive
likelihood ratio was higher than that for the
combination of dipstick positive for nitrite and
LE. Similarly, a urine sample that was negative for
both pyuria and bacteriuria on microscopy was
found to be very good for ruling out disease. The
pooled negative likelihood ratio was lower than
that for dipstick negative for both nitrite and LE.
It may therefore be inferred that the combination
of microscopy for pyuria and bacteriuria
represents a more accurate test for UTT than the
dipstick. This is balanced by trade-offs in time,
skill and cost requirements.

The cut-off points used to define a positive test for
bacteriuria and pyuria varied between studies. The
definition of ‘pyuria’ was either at least 5 or at
least 10 WBC hpf‘l. As would be expected, studies
using 5 WBC hpf™! as the cut-off point tended to
give higher estimates of sensitivity and lower
estimates of specificity than those using

10 WBC hpf'. The definition of ‘bacteriuria’,
although more subjective, also varied between
studies, ranging from ‘any bacteria’ to ‘few
bacteria’ to ‘moderate bacteria’. The majority of
studies defined bacteriuria as ‘any bacteria’.
Analogous to the situation for pyuria, studies
using a smaller number of bacteria to define
bacteriuria reported higher estimates of sensitivity
and lower estimates of specificity. Regression
analysis to investigate the observed heterogeneity
in studies of microscopy for bacteriuria found that
the use of Gram stain improved accuracy. The
DOR was over five times greater in studies in
which Gram staining was performed than in those
where it was not. Regression analysis used to
investigate the heterogeneity between studies of
pyuria for the diagnosis of UTI found that sample
centrifugation decreased accuracy. As these
analyses used the DOR as the dependent variable
it was impossible to determine effects on sensitivity
and specificity independently. Investigation of
between-study heterogeneity using regression
analysis was not possible for the diagnostic
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accuracy of combinations of pyuria and bacteriuria
as insufficient studies were available. The effects of
sample processing factors were therefore not
formally investigated in these studies. However, it
seems likely that effects would be similar to those
observed for bacteriuria and pyuria used as
individual tests. Thus, on the basis of the results of
this review, microscopy samples should be Gram
stained, but not centrifuged, and should be
examined for both pyuria and bacteriuria. A cut-
off point of less than 5 WBC hpf~! may be more
appropriate for ruling out disease: if a child has a
urine sample negative for pyuria using

<5 WBC hpf™! as the definition of a negative test
then they are unlikely to have a UTI. A definition
of a positive test for pyuria of greater than

10 WBC hpf! could be selected for ruling in
disease, with the area of uncertainty between 5
and 10 WBC/hpf requiring confirmation by
culture. A definition of ‘any bacteria’ in a Gram-
stained sample should be used as the cut-off point
to determine the presence of bacteriuria.

One further test for the diagnosis of UTI
investigated in a number of studies was dipslide
culture. This simplified method of culture was
investigated mainly in community screening
settings and for home monitoring of high-risk
patients. The advantage of this method is that it
can be performed outside the laboratory setting
and is less labour intensive to perform and
interpret. There was considerable heterogeneity in
this group of studies. The pooled positive
likelihood ratio was lower than those for dipstick
and microscopy tests, while the pooled negative
likelihood ratio was higher. Given the increased
cost of dipslide culture over microscopy or nitrite
and LE dipstick, and the longer time taken to give
a result, this test appears to be of limited value in
the context of general diagnosis of UTT in the
GP’s surgery. Other tests for the diagnosis of UTI
were only investigated in a very limited number of
studies and none appeared to offer any
improvement over dipstick or microscopy.

Based on the results of this review, dipstick
negative for LE and nitrite or microscopic analysis
negative for pyuria and bacteriuria of a CVU, bag
or nappy/pad specimen may reasonably be used to
rule out UTI. These patients can then be excluded
from further investigation, without the need for
confirmatory culture. Similarly, combinations of
positive tests could be used to rule in UTT and
trigger further investigation. In the latter case,
however, confirmation by culture may be preferred
before the initiation of further, possibly invasive,
investigations. Additional information on
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antibiotic sensitivities, which can be provided by
culture, may also be a significant consideration.

Further investigation of UTI

The main aim of further investigation of UTI is to
prevent progressive renal damage and its
consequences, hypertension, complications of
pregnancy, renal insufficiency and end-stage renal
failure. Renal parenchymal infection and scarring
are established complications of infection of the
upper urinary tract, and can lead to symptomatic
renal disease. The secondary aim of further
investigation of UTT is, therefore, to identify
scarring or to identify children who may be at risk
of developing further scarring. When considering
tests used for the further investigation of UTT it is
important to bear in mind the overall aim of
investigation. If the information derived from tests
cannot be used to prevent renal disease then there
is no benefit in performing these tests. Tests
should only be carried out if the results of the test
will lead to a change in management of the child,
and this change is likely to lead to an improved
outcome. The ideal study to investigate whether a
test leads to a change in outcome for a child
would randomise children to different sequences
of testing, or to no testing. The outcome, in terms
of renal disease, would then be compared between
the randomised groups. Unfortunately, only one
such study was identified and this was only
available as an abstract that reported limited
information. All other studies included in this
section of the review were diagnostic accuracy
studies looking at how good tests were at detecting
certain conditions. In the absence of direct
evidence, information derived from diagnostic
accuracy studies can be combined with
information on how the different conditions
detected are treated and the effect of these
treatments on patient outcome, to infer
conclusions about the overall benefits of further
investigation of UTI.

A UTI can involve either the lower (cystitis) or the
upper (APN) urinary tract. Cystitis does not
involve the kidneys and so cannot itself lead to
renal scarring. It is unclear whether children
presenting with cystitis have an increased risk of
future APN. Localisation of infection can be
considered the first step in the further
investigation of UTI. If APN can be ruled out then
the child is not at immediate risk of scarring, and
so further investigation is unlikely to be beneficial
at this stage. Given that therapeutic delay is
known to be associated with renal damage,?’! the
possibility that children presenting with a first,
lower UTI may benefit from monitoring for

recurring infection remains open to question. A
test to localise UTT would need to be non-invasive,
inexpensive and quick to perform. Further
investigation of children with cystitis could
therefore be avoided, leading to cost saving and
benefit to the child and parent, who would be
spared the anxiety and discomfort associated with
further testing. A variety of tests was investigated
for the localisation of UTI. These included clinical
tests, laboratory-based tests, ultrasound, MRI, CT;
IVP, cystography and scintigraphy. Studies
examining clinical and laboratory tests were
diverse, and the techniques used were poorly
described. Few useful data were available and, in
general, the tests investigated showed poor
accuracy for the localisation of UTI. Plasma CRP
showed some limited potential as a test for ruling
out APN. However, as the thresholds used and
outcomes reported varied greatly, substantial
further research would be required before routine
use of this test could be recommended.
Ultrasound showed no potential utility for the
localisation of UTI. Available data were very
limited for alternative imaging techniques such as
MRI and CT. Acute *™Tc-DMSA remains the
reference standard test for the localisation of UTI,
with other scintigraphic techniques providing
comparable performance. This is an invasive
technique involving ionising radiation and so
restriction of its use is desirable. The median
prevalence of APN in those studies included in
this section that were conducted in an appropriate
patient spectrum (those with confirmed UTTI) was
60%. If this is representative of the prevalence of
APN in all children with UTI then localisation of
UTT could have an important role in the further
investigation of children with UTI: further tests
could be avoided in the 40% of children with
confirmed UTI who have cystitis. Further research
to identify an accurate non-invasive test for the
localisation of UTI is therefore justified. The
remaining studies of the further evaluation of UTI
were divided into four categories: detection of
reflux, prediction of scarring, detection of scarring
and studies with multiple aims.

The detection of reflux has been considered an
important part of the further investigation of UTI
as, historically, it has been thought to lead to an
increased risk of scarring. This theory is currently
the subject of considerable debate. The only study
on the effectiveness of imaging compared routine
and selective imaging (combination of ultrasound
and MCUG) for the detection of reflux.?? This
study found increased rates of reflux detection and
prophylaxis with routine imaging, but no
reduction in scarring or recurrent UTIs. Four
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diagnostic accuracy studies that looked at the
association between reflux and the presence of
renal scarring were included in this review. These
studies found that the presence of reflux
correlated poorly with the presence of scarring:
some children without reflux were found to have
scarring and some with reflux were found not to
have scarring. A recent systematic review found
that reflux is a weak predictor for renal damage in
children hospitalised with UTL?"? The
management of reflux and how this impacts on a
patient’s future risk of renal disease is also the
subject of debate. A systematic review?”®
comparing surgical to medical management of
reflux found no difference in outcome,
deterioration in DMSA findings, between the two
treatment groups. Reflux has also been shown to
disappear spontaneously. A study of children
diagnosed with reflux following a first UT1, which
included a 15-year follow-up, found that reflux
disappeared or reduced to grade I in 73% of
children with dilator reflux.?”* MCUG is an
invasive and costly test, involving considerable
exposure to ionising radiation. Given the
considerable doubts surrounding the link between
reflux and renal scarring, and the benefits to be
derived from treating reflux, it is difficult to justify
the routine use of MCUG (the reference standard
test for reflux) in children with UTI. The studies
that looked at the diagnostic accuracy of
alternative tests for the detection of reflux showed
considerable heterogeneity. Standard ultrasound,
IVP, indirect voiding radionuclide cystography,
NAG/creatinine ratio, scintigraphy and a risk
scoring system were all found to be relatively poor
tests for the detection of reflux. The only imaging
modality to show good accuracy for the detection
of reflux was contrast-enhanced ultrasound. This
is currently a little-used technique, but the results
of the studies included in this section showed that
it may have potential accuracy in the diagnosis of
reflux. It carries an advantage over MCUG in that
it does not involve exposure to ionising radiation
and standard ultrasound can be performed at

the same time. However, contrast ultrasound
remains an invasive procedure requiring
catheterisation.

Very few studies looked at tests for the prediction
of renal scarring. These studies looked at tests that
can be performed during the acute phase of
infection and compared them with the presence of
scarring on follow-up “™Tc-DMSA renal
scintigraphy several months later. A test that could
predict whether a child was at risk of renal
scarring would be useful if a treatment were
available that could prevent that child from
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developing scarring. Antimicrobial therapy is
often initiated in children with UTT before further
investigation, and treatment delay is the only
therapeutic factor thought to affect the
development of scarring.>*”! The prediction of
the development of renal scarring as a result of a
current infection would, therefore, appear to be of
academic interest alone. The tests investigated for
the prediction of scarring were ultrasound, IVP,
and presence of fever and elevated CRP levels.
Available data were very limited and none of the
tests showed good accuracy for the prediction of
scarring.

The presence of renal scarring is considered to be
the most important predictor of renal disease
where UTI is the causative factor; however, not all
children with scarred kidneys will have progressive
scarring ending in renal failure.?’"*’> There is
currently very little that can be done to treat
children with renal scarring to prevent
complications. If repeat infection is assumed to be
the cause of progressive scarring then prophylactic
antibiotics may be initiated. However, a systematic
review on the effectiveness of long-term antibiotics
in preventing UTT found no evidence to support
their use, as very few trials met inclusion criteria
and those that did were small and of poor
quality.>’® The review identified no data specific to
children with reflux. Renal scintigraphy, generally
using """ Tc-DMSA, is the accepted reference
standard for the detection of renal scarring. It may
be used acutely to localise UTT and hence to
determine whether there is a risk of scarring from
the current infection, and in sequential follow-up
to monitor progressive scarring. The diagnostic
accuracy of a number of other tests for the
detection of scarring has also been investigated.
Alternative static and dynamic renal scintigraphic
techniques, including *™Tc-DTPA and
99mTe_MAGS3, have been investigated. These were
found to be good tests for the detection of
scarring, correlating well with ™ Tc-DMSA.
Ultrasound was found to be reasonable for ruling
in scarring, but poor for ruling out scarring. This
would fit with anecdotal opinion that ultrasound is
good at identifying gross scarring, but poor at
detecting minor lesions. The studies included in
the review did not look at how good ultrasound
was at picking up different grades of scarring. It
may be that ultrasound only detects more severe
scarring, which may be of more clinical
importance than scarring of any grade. If this is
the case then ultrasound may provide a useful test
both for ruling in and ruling out clinically
important levels of scarring. Ultrasound carries
benefits over *“"Tc-DMSA in that it is non-
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invasive, involves no ionising radiation and is
easier and cheaper to perform. Further research
evaluating the ability of ultrasound to detect
different grades of scarring, and scarring
progression, may therefore prove useful. Other
tests investigated include cystography, IVP, MRI
and a combination of ultrasound and MCUG.
These were only investigated in a limited number
of studies. Cystography and IVP were found to be
relatively poor tests for the detection of scarring.
MRI and the combination of ultrasound and
MCUG showed reasonable diagnostic
performance. These were each investigated in only
one study and so further research into these tests
may be useful if there is a benefit to detecting
scarring.

Other studies included in the review looked at a
variety of test combinations with multiple aims.

These generally showed poor test performance
and were too heterogeneous to draw general
conclusions.

The further investigation of children with UTI
may, in practice, be used to detect other
conditions that were not evaluated by any of the
studies included in the review. For example,
ultrasound may be used to provide a structural
overview of renal anatomy, and may also be used
to rule out hydronephrosis, abscess or calculus,® or
to detect malformations such as duplex kidneys.®
Contrast-enhanced ultrasound and MCUG may be
used to detect urethral valves. These can cause
severe problems, especially in baby boys, and it is
important that they are detected early as surgical
treatment is available. However, these are a rare
condition and are usually detected on antenatal
ultrasound.
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Chapter 8

Conclusions

he results of the systematic review of

effectiveness (objectives 1-3) were used to
inform the consideration of preliminary
algorithms for the diagnosis and further
investigation of UTT in children under 5 years of
age. These are described below and represent the
conclusions of the systematic review component of
this project in terms of practice. Implications for
research are discussed in the final section. The
results of economic modelling did not directly
inform the diagnostic algorithm.

Diagnosis of UTI

The development of the preliminary algorithm
presented was informed by currently available
evidence on the accuracy of tests used to diagnose
UTI. There are several issues in this algorithm
where different options could be considered and
further research may be useful. These are
discussed below. The algorithm is illustrated in
Figure 33.

The starting point for the algorithm is a child in
whom a GP has a suspicion of UTI based on
clinical findings. As the studies included in the
review provided very few data on the accuracy of
clinical investigations for the diagnosis of UTI,
criteria for clinical suspicion of UTT are not
further defined. Further research is required to
determine which clinical signs and symptoms
should inform the decision to test for UTI.

The first step in confirming a suspected UTTI is to
obtain an uncontaminated urine sample on which
further tests can be performed. The majority of
studies included in the review found that CVU
samples had similar accuracy to SPA samples
when cultured. As CVU is a non-invasive
collection method that can be used in the GP’s
surgery, this was the method chosen for the
algorithm. Pad, nappy or bag specimens may be
appropriate methods for obtaining a urine
sample in non-toilet-trained children. There were
very few accuracy data using an appropriate
reference standard for this technique. It is
therefore not included in the algorithm at this
stage. Further research on sampling methods is
required.
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Although the glucose test was reported to have the
highest accuracy in terms of both ruling in and
ruling out disease, it is not included in the
algorithm. This is due to the limitations of the
studies of this test, and the practicalities of
performing it in very young children, highlighted
earlier in the report and in the discussion
(Chapter 7).

Dipstick testing is the first diagnostic stage in the
algorithm. These tests are easy to perform in the
GP’s surgery, give an immediate result and are
relatively cheap. The systematic review showed
that a dipstick for LE and nitrite, where both test
results are interpreted in combination, was a good
test both for ruling in (both positive) and ruling
out a UTT (both negative). A dipstick positive for
either LE or nitrite and negative for the other
provides inconclusive diagnostic information and
further testing is therefore required in these
patients. Microscopy was included in the
algorithm as the next option. Microscopy is more
time consuming and expensive to perform than a
dipstick test, but potentially quicker and cheaper
than culture. As with dipstick tests, a combination
of microscopy for pyuria and bacteriuria can be
used accurately to rule in and rule out a UTI. An
indeterminate test result is again obtained if
microscopy is positive for either pyuria or
bacteriuria, and negative for the other.
Confirmatory culture is required in these patients.
In patients considered to have a UTI, further
culture to determine antibiotic sensitivities may be
an option to inform treatment decisions.

The economics team (LB, SP) advised that it was
not possible appropriately to model an
indeterminate test result (as described above) with
the available data. The economic analyses
separately modelled two alternative strategies of
‘LE and nitrite positive’ to define a positive result,
and ‘LE or nitrite positive’ to define a positive
result. For the ‘LE or nitrite positive’ strategy
indeterminate results were treated as positive. A
similar approach was used to model microscopy
tests. In practice, an indeterminate result may be
treated differently (as proposed in the preliminary
algorithm). Since the economic modelling was not
able to assess this particular strategy it did not
directly inform the development of the algorithm.
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There are four issues with regard to the diagnostic
tests recommended in the algorithm:

e Should patients with an indeterminate dipstick
test result be treated differently from those with
a positive dipstick test result? Another option
would be to recommend culture in all children
testing positive on either LE or nitrite dipstick.

e Should microscopy be included as a separate
step, or should children with an indeterminate
test result receive culture?

e Does the accuracy of microscopy differ in
children with an indeterminate dipstick test
result? The studies of microscopy that
contributed to the algorithm were carried out in
children with a suspicion of UTI, not in those
who had already been tested with a dipstick.

e Should all children receive confirmatory culture
regardless of previous test results?

Future research may inform these areas.

Further investigation of UTI

No algorithm for the further investigation of UTI
is presented, as the long-term benefits of imaging,
in terms of patient outcome, remain unclear. This
review has provided data on the accuracy of
various different imaging techniques for the
localisation of UTI, detection of reflux, and
detection and prediction of scarring. Only one
study was found that assessed the effect of imaging
evaluations on patient outcome. In the absence of
sufficient direct data on the effects of imaging
investigations for children with UTI on patient
outcome, data are required on the effectiveness of
interventions for reflux and the prevention of
scarring. The evidence on this is conflicting and a
full systematic review of these data was not
performed. Therefore, conclusions cannot be
drawn on the appropriateness of further
investigations in children with UTI. Given the lack
of data on the clinical effectiveness of further
investigation, data provided by economic
modelling remain hypothetical and conditional
upon the establishment of clinical effectiveness.
The findings of cost-effectiveness modelling did
not therefore influence the decision not to present
an algorithm for the further investigation of UTI.

The results of the only study on the effectiveness
of imaging do not support routine imaging for
children with an initial UTI. However, this study
only included children aged 2-10 years. No
conclusions can therefore be drawn about children
under this age; with no firm evidence base,
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readers will need to consider their own practice in
the light of expert opinion. The limited evidence
available supports monitoring of all children aged
2-5 years experiencing an initial UTI, with further
investigation only if they experience a second
UTL

A test for the localisation of UTI was considered as
an initial step in the investigation of these
children. This would allow the exclusion of all
children with a lower UTI from further
investigation. Based on current evidence the only
accurate test for this purpose is a DMSA scan.
These scans are costly and invasive, and incur a
radiation load. Therefore, the use of these scans in
all children cannot be justified. If future studies
identify a non-invasive test (e.g. a biochemical test)
that can accurately localise a UTI, then this may
be a valuable first step in the further investigation
of UTL

Ultrasound is currently used as the initial
investigation for children with confirmed UTI.
This is because it is non-invasive and relatively
cheap, and is felt by practitioners to provide
information on the presence of anatomical
abnormalities that may be the underlying cause of
infection. The review did not identify any studies
on the accuracy of ultrasound for this purpose.
However, this is a potentially important reason for
performing ultrasound. Early identification of
underlying abnormalities will inform further
intervention. Further research is required
regarding the accuracy of ultrasound in
diagnosing these abnormalities, and its impact on
patient outcome.

There is insufficient evidence to recommend any
further routine investigation. The main two
options for further investigation would be a follow-
up DMSA scan or MCUG. The aim of DMSA is to
identify the presence of scarring, with the
objective of preventing future scarring by
preventing further UTI. MCUG aims to detect
reflux, which can be treated either surgically or
with prophylactic antibiotics. In theory, the
presence of reflux is associated with renal scarring
and so by identifying and treating reflux further
renal scarring can be prevented. However, as
highlighted in the discussion there is debate
regarding the association between reflux and
scarring and the effectiveness of long-term
antibiotics in reducing scarring. In the absence of
evidence of any effect on patient outcome, the
reviewers do not feel that universal DMSA or
MCUG can be justified. The decision on whether
or not to perform these examinations should
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therefore be made on an individual patient basis.
Further research regarding the effects of these
imaging techniques on long-term patient outcome
(development of renal scarring and end-stage
renal disease) is urgently required.

Implications for clinical practice

The primary aim of this project was to determine
the most effective strategy for the diagnosis and
further investigation of UTI in young children
such as to reduce repeat infection, renal scarring
and its long-term consequences.

It should be particularly noted that, although the
original focus of this study was children under

5 years, studies whose populations also include
children aged up to 18 years have been included.
This approach was adopted owing to the extreme
paucity of data specific to children under 5 years.
It remains the case that children under 5 years are
a population of particular interest. Variation in test
performance and the clinical effectiveness of
testing is also likely in further subgroups, such as
pre-toilet-trained children or neonates. However,
at present insufficient data are available that are
specific to these groups.

Five main objectives were identified for the
project, all of which were only partially realised
owing to a lack of relevant data. The majority of
studies identified addressed the accuracy of tests
for the diagnosis or further investigation of UTI.
The main points for practice are as follows.

¢ Data identified were not adequate to characterise
initial signs and symptoms useful in deciding
which patients should be tested for UTI.

e Data suggest that a CVU sample is adequate for
the diagnosis of UTT.

¢ The evidence concerning alternative methods of
urine collection in pre-toilet-trained children,
for example nappy or pad, is limited; clinicians
may wish to consider using these methods given
the invasive nature of SPA.

e Current data support the usefulness of
combined LE and nitrite dipstick testing for
rapid diagnosis of UTT.

¢ Clinicians may wish to consider follow-up
microscopy and/or culture in the context of
additional information that may be provided,
for example antibiotic sensitivities, and its effect
or otherwise on treatment decisions/outcomes.

Although a large volume of data was identified on
the accuracy of tests used in the further

investigation of UTI, the clinical relevance of such
studies is questionable. The link between the
diagnostic targets of this group of tests (e.g. VUR)
and renal scarring and its long-term consequences
remains open to question. In addition, there is a
lack of evidence concerning the effectiveness of
interventions, consequent upon test results, in
reducing renal scarring and its consequences. The
main points for practice are as follows.

e The review did not identify any studies on the
accuracy of ultrasound for determining the
presence of anatomical abnormalities that may
be the underlying cause of infection. However,
as this is a widely used, non-invasive and
relatively cheap examination, practitioners may
wish to continue its use in this context.

¢ The decision on whether or not to perform
invasive imaging examinations should be made
on an individual patient basis, giving careful
consideration to the potential for effective use
of information obtained.

The review identified only one study evaluating
the effectiveness of further investigation of UTI:

e The results of this study do not support routine
imaging for children aged 2-10 years with an
initial UTT.

e The limited evidence available supports
monitoring of all children aged 2-5 years
experiencing an initial UTI, with further
investigation only if they experience a second
UTL

e No evidence is available concerning the
effectiveness of further investigation of UTI in
children under 2 years; with no firm evidence
base, readers will need to consider their own
practice in the light of expert opinion.

Implications for research

General points

The quality assessment highlighted several areas
that could be improved upon in future diagnostic
accuracy studies. One of the most important
features highlighted by the quality assessment was
the failure of studies to include an appropriate
patient spectrum. Future studies of tests for the
diagnosis of UTT should be prospective evaluations
of children presenting with possible symptoms of
UTT. Studies on tests for the further investigation
of UTI should include children with a confirmed
UTI. Other areas that could be improved upon
relate to reporting. Future studies should follow
the Standards for Reporting of Diagnostic
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Accuracy (STARD) guidelines for reporting of
diagnostic accuracy studies,?’” and in particular
should provide clear details on the following:

e how children are selected for inclusion in the
study

e whether appropriate clinical information was
available to the person interpreting the index
test results

e whether the person interpreting the index test
was blind to the results of the reference
standard, and vice versa

¢ the flow of patients through the study: this
should state how many patients were eligible for
inclusion, how many met inclusion criteria but
did not take part, and whether any children did
not receive any of the index tests or the
reference standard

e whether there were any uninterpretable results,
and if so how these were handled in the
analysis.

Future studies should consider relevant population
subgroups such as neonates and pre-toilet-trained
children.

Primary research in this field is expanding at a
rapid rate, particularly with respect to imaging
techniques for the further investigation of UTT. It
was with this consideration in mind that update
searches were conducted close to completion of
the project (May 2004). Although no further
studies satisfying the inclusion criteria of this
review were identified, 21 publications were
retrieved for consideration. On this basis it might
be considered that regular update of this review
would be necessary to maintain its relevance.
However, given that substantial questions remain
regarding the clinical effectiveness of further
investigation of UTI, further primary or secondary
diagnostic accuracy research in this area is unlikely
to be immediately informative. New developments
in the diagnosis of UTT (e.g. flow-cytometry
techniques), for which no accuracy data satisfying
the inclusion criteria of this review were identified,
may prove a useful subject for future secondary
research.

The review highlighted the following specific areas
requiring further research.

Diagnosis of UTI

Information is required on the following.

¢ Are bag and nappy/pad samples appropriate
methods of urine sampling? Current evidence
on the diagnostic performance of samples
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collected using these techniques is sparse. Given
that they represent the most convenient and
practical methods of sample collection in non-
toilet-trained children, well-designed diagnostic
cohort studies to evaluate their performance
should be conducted urgently.

e What is the accuracy of the combination of
dipstick positive for nitrite, LE and protein?

e Should an indeterminate nitrite and LE dipstick
test result be treated differently from a positive
result? It is particularly important to consider
the appropriate treatment and investigation
pathways in children for whom initial test
results are equivocal.

e Should microscopy be included in the diagnosis
of UTI?

e Should all children receive confirmatory culture
regardless of other test results?

e Should all children diagnosed with a UTT have
a culture to determine antibiotic sensitivity?

The final two points should be considered in the
context of the effect of additional information
derived upon treatment pathways and outcomes
(e.g. does early determination of antibiotic
sensitivities result in significantly more effective
treatment?) The validity of culture as a reference
standard of diagnosis may also be an area of
interest for future primary research.

Further research in the following areas may
provide addition useful information.

e What clinical signs and symptoms should be
used to select children to undergo testing for
UTI? Although quantifying aspects of clinical
experience is a difficult area, clear definitions of
the signs and symptoms used in the
examination and evaluation of their diagnostic
utility in well-designed diagnostic cohort studies
make up a potentially informative process. Such
studies could increase consistency in the
diagnostic process and help to avoid the
perpetuation of non-informative diagnostic
practice. The effects of practitioner experience
on aspects of the clinical examination could also
be modelled.

e What is the accuracy of the glucose test, and can
it be used in non-toilet-trained children?
Although accuracy results for this test were
promising, the evidence identified in the review
was sparse and out of date, and related to older
children. Although this test does not appear a
practical option in infants, its performance may
warrant further investigation.

e What is the accuracy of microscopy in
combination with a dipstick test, in particular in
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patients with an indeterminate nitrite and LE
dipstick test result? Studies identified in this
review have generally determined the accuracy
of individual tests. Information on cumulative
accuracy, where the application of a second test
is conditional on the result of the first, may help
to inform the decision on the role of
intermediate test (e.g. microscopy) in the
diagnosis of UTIL.

A single study, which has the potential to answer
most of these questions, would be a prevalence
function study. Such a study would use logistic
regression analysis to model the presence or
absence of a UTT as the dependent variable (as
determined by culture). A number of other factors
could be included as independent variables and
their association with the presence or absence of a
UTI could be modelled. Such a study would be
able to model the added benefit of each test over
the other tests already included in the model. To
answer the question on the benefits of culturing to
determine antibiotic sensitivity, an RCT could be
conducted. This would randomise children with
confirmed UTT to either all receiving culture to
determine antibiotic sensitivities, or only receiving
culture if they do not respond to first line
antibiotics. For diagnostic cohort studies, priority
should be given to evaluating the use of pad and
nappy samples and to clarifying further the
performance of combined dipstick tests (near
patient testing).

Further investigation of UTI

Studies assessing the clinical effectiveness of all
stages of the further investigation of UTI, for
long-term renal outcomes, are urgently required.
These should evaluate:

imaging for reflux

imaging for scarring

routine ultrasound

imaging for initial versus repeat infection
differences in the effectiveness of imaging
between boys and girls and for different age
groups (e.g. <l year, 1-2 years, 2-5 years).

Such studies could compare imaging with no
imaging, single imaging strategies or combination
imaging strategies. Given the ethical problems
surrounding RCT5 of diagnostic tests, the very
large sample sizes required and the particular
issues around investigating UTT in very young
boys, a multivariable prediction modelling
approach (as described above) could be used to
quantify the cumulative value of tests against the
long-term outcome measure of PRS.

Before further diagnostic research is undertaken,
priority should be given to clarifying whether any
link exists between the presence of reflux and
PRS. In addition, it is necessary to establish
whether there are any effective interventions to
reduce PRS, which would be indicated by the
results of testing.

If the identification of reflux or renal scarring
were found to be effective in any patient group,
further, well-designed diagnostic accuracy studies
would be required to assess the potential of less
invasive techniques to replace current reference
standards. In the above case it would also be
important to investigate options for minimising
invasive testing by ruling out APN. Non-invasive
methods of localisation require further research
addressed at this aim.
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