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Objectives: To identify and synthesise studies of
diagnostic processes of urinary incontinence and to
construct an economic model to examine the cost-
effectiveness of simple, commonly used primary care
tests.
Data sources: The electronic databases MEDLINE
(1966–2002), CINAHL (1982–2002) and EMBASE
(1980–2002).
Review methods: Studies were selected and assessed
using the Quality Assessment of Diagnostic Studies
(QUADAS) tool. Studies that reported the results of
applying the same diagnostic procedure using the same
threshold value (cut-off) were pooled using a random
effects meta-analysis model to produce pooled
estimates of sensitivity, specificity and diagnostic odds
ratio together with 95% confidence intervals. 
Results: In total, 6009 papers were identified from the
literature search, of which 129 were deemed relevant
for inclusion in the review, and these papers compared
two or more diagnostic techniques. The gold-standard
diagnostic test for urinary incontinence with which each
reference test was compared was multichannel
urodynamics. In general, reporting in the primary
studies was poor; there was a lack of literature in the
key clinical areas and minimal literature dealing with
diagnosis in men. Only a limited number of studies
could be combined or synthesised, providing the
following results when compared with multichannel
urodynamics. A clinical history for diagnosing
urodynamic stress incontinence (USI) in women was
found to have a sensitivity of 0.92 and specificity of
0.56 and for detrusor overactivity (DO) a sensitivity of
0.61 and specificity of 0.87. For validated scales,

question 3 of the Urogenital Distress Inventory was
found to have a sensitivity of 0.88 and specificity of
0.60. Seven studies compared a pad test with
multichannel urodynamics; however, four different pad
tests were studied and therefore it was difficult to
draw any conclusions about diagnostic accuracy. Of the
four studies comparing urinary diary with multichannel
urodynamics, only one presented data in a format that
allowed sensitivity and specificity to be calculated.
Their reported values of 0.88 and 0.83 suggest that a
urinary diary may be effective in the diagnosis of DO in
women. Examination of the incremental cost-
effectiveness of three primary care tests used in
addition to history found that the diary had the lowest
cost-effectiveness ratio of between £35 and £77 per
extra unit of effectiveness (or case diagnosed). Imaging
by ultrasound to determine leakage was found to be
effective in the diagnosis of USI in women, with a
sensitivity of 0.94 and specificity of 0.83. 
Conclusions: This is the first systematic review of
methods for diagnosing urinary incontinence. As
reporting of the primary studies was poor, clinical
interpretation was often difficult because few studies
could be synthesised and conclusions made. The report
found that a large proportion of women with USI can
be correctly diagnosed in primary care from clinical
history alone. On the basis of diagnosis the diary
appears to be the most cost-effective of the three
primary care tests (diary, pad test and validated scales)
used in addition to clinical history. Ultrasound imaging
may offer a valuable alternative to urodynamic
investigation. The clinical stress test is effective in the
diagnosis of USI. Adaptation of such a test so that it
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could be performed in primary care with a naturally
filled bladder may prove clinically useful. If a patient is
to undergo an invasive urodynamic procedure,
multichannel urodynamics is likely to give the most
accurate result in a secondary care setting. There is a
dearth of literature on the diagnosis of urinary
incontinence in men, with no studies meeting the 
study criteria for data extraction in the diagnosis of
bladder outlet obstruction. There is a need for large-
scale, high-quality primary studies evaluating the use of
a number of diagnostic methods in a primary care

setting to be undertaken so that the results of this
systematic review can be verified or not. Such studies
should include not only an assessment of clinical
effectiveness, in this case diagnostic accuracy, but also
an assessment of costs and quality of life/satisfaction to
inform future health policy decisions. Studies carried
out should be reported to a better standard. The
recommendations of the Standards for Reporting
Diagnostic Accuracy (STARD) initiative should be
followed to ensure the accuracy and completeness of
reporting design and results.

Abstract
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AUA American Urological Association

AUC area under the curve

BIDI Bladder Instability Discriminant
Index

BMI body mass index

BND bladder neck descent

BOO bladder outlet obstruction

BPH benign prostatic hyperplasia

CI confidence interval

CRD Centre for Reviews and
Dissemination

df degrees of freedom

DIS Detrusor Instability Score

DO detrusor overactivity

DOR diagnostic odds ratio

DUEC distal urethral conductance

F female

ICS International Continence Society

IIQ Incontinence Impact
Questionnaire

ISQ Incontinence Screening
Questionnaire

LUTS lower urinary tract symptoms

M male

MCU multichannel urodynamics

MSSU midstream specimen of urine

MUI mixed urinary incontinence

PVRV postvoid residual volume (of
urine)

QALY quality-adjusted life-year

QUADAS Quality Assessment of Diagnostic
Studies

RAP Resident Assessment Protocol

ROC receiver operating characteristic

SCU single-channel urodynamics

SE standard error

sEMG surface electromyography

sROC summary receiver operating
characteristic

STARD Standards for Reporting of
Diagnostic Accuracy

SUI stress urinary incontinence

UDI Urogenital Distress Inventory

UI urinary incontinence

UPP urethral pressure profile

USI urodynamic stress incontinence

UUI urge urinary incontinence
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Background
Although urinary incontinence is not life
threatening, it can have enormous costs to
individuals and the health service in terms of
expenditure and impact on quality of life.
Epidemiological studies have demonstrated that
urinary incontinence is a very common symptom,
with a reported prevalence of any urinary
incontinence (in those aged 40 and over) of 34%
for women and 14% for men. 

Pathways to diagnostic assessment are inconsistent,
with some individuals being assessed and treated in
primary care settings by GPs and nurses, and others
being referred directly to a variety of specialists in
secondary care (e.g. physiotherapists, gynaecologists
and urologists) without any assessment or treatment.
Assessment can be undertaken at a number of levels
using different combinations of tests. 

It is particularly important when implementing
certain treatment interventions (e.g. medication
that may have side-effects) that a diagnosis is
made to determine the most effective treatment
intervention, and it is imperative before surgical
intervention. If a diagnosis is not made, then
inappropriate and unnecessary interventions may
be implemented. Two types of diagnosis can be
made: symptomatic diagnosis and condition-
specific diagnosis. In general, symptomatic
diagnoses are made in primary care using clinical
history-taking, urinary diaries, pad tests and
validated symptom scales. Condition-specific
diagnoses are made in secondary care using
urodynamic techniques. The use of diagnostic
assessment methods is influenced by the clinical
setting and the expertise of the individual
undertaking the assessment. The evidence
available on the accuracy and acceptability of these
diagnostic processes is inconsistent and variable. 

Objectives
This systematic review aimed to:

� identify, appraise and summarise the published
evidence relating to different methods of
diagnostic assessment of male and female

urinary incontinence: specifically urodynamic
stress incontinence (USI) and detrusor
overactivity (DO)

� quantitatively synthesise the extracted evidence
using meta-analysis methods (where possible) or
pooling of individual sensitivity and specificity
data

� construct an economic model to examine the
cost-effectiveness of simple, commonly used
primary care tests

� identify gaps in the literature
� prioritise future clinical and research questions.

Methods
Data sources
The online bibliographic databases MEDLINE
(1966–2002), CINAHL (1982–2002) and EMBASE
(1980–2002) were used to obtain the literature.
The search strategy was based on the Cochrane
and NHS Centre for Reviews and Dissemination
strategies for identifying studies of diagnostic
performance.

Study selection
Study selection comprised a three-stage process
using defined inclusion and exclusion criteria. All
records were assessed for relevance by the first
investigator on the basis of the abstract, or if the
abstract was not available then title only. Papers
were considered relevant to the systematic review if
they considered the evaluation, appropriateness
and/or cost of diagnostic assessment in the
following categories:

� clinical history-taking
� simple investigations including validated scales,

diaries and pad tests
� advanced (invasive) investigations (e.g.

urodynamics). 

To be included, a paper had to provide a
quantitative comparison between two or more
different methods of diagnosing urinary
incontinence. 

Data extraction
A panel consisting of at least three members of the
review team, including at least one statistician,
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discussed all papers identified as of potential
relevance. The panel determined whether study
data were presented in a suitable format to
calculate sensitivity and specificity. 

Quality assessment 
All relevant papers were assessed for quality using
Quality Assessment of Diagnostic Studies
(QUADAS), a tool designed specifically for studies
on diagnostic accuracy. An initial pilot study on
four papers resulted in a number of clarifications
being added to the instructions of the QUADAS
tool to ensure consistency between assessors. Seven
of the authors performed the full quality
assessment process, with 10% of the papers being
assessed by two authors to test for inter-reader
agreement. 

Data synthesis
Studies that reported the results of applying the
same diagnostic procedure using the same
threshold value (cut-off) were pooled using a
random effects meta-analysis model to produce
pooled estimates of sensitivity, specificity and
diagnostic odds ratio together with 95%
confidence intervals. 

Results
In total, 6009 papers were identified from the
literature search, of which 129 were deemed
relevant for inclusion in the review, and these
papers compared two or more diagnostic
techniques. The gold-standard diagnostic test for
urinary incontinence with which each reference
test was compared was multichannel urodynamics. 

In general, reporting in the primary studies was
poor; there was a lack of literature in the key
clinical areas and minimal literature dealing with
diagnosis in men. Only a limited number of
studies could be combined or synthesised,
providing the following results when compared
with multichannel urodynamics. A clinical history
for diagnosing USI in women was found to have a
sensitivity of 0.92 and specificity of 0.56 and for
DO a sensitivity of 0.61 and specificity of 0.87. For
validated scales, question 3 of the Urogenital
Distress Inventory was found to have a sensitivity
of 0.88 and specificity of 0.60. Seven studies
compared a pad test with multichannel
urodynamics; however, four different pad tests
were studied and therefore it was difficult to draw
any conclusions about diagnostic accuracy. Of the
four studies comparing urinary diary with
multichannel urodynamics, only one presented

data in a format that allowed sensitivity and
specificity to be calculated. Their reported values
of 0.88 and 0.83 suggest that a urinary diary may
be effective in the diagnosis of DO in women.
Examination of the incremental cost-effectiveness
of three primary care tests used in addition to
history found that the diary had the lowest cost-
effectiveness ratio of between £35 and £77 per
extra unit of effectiveness (or case diagnosed).
Imaging by ultrasound to determine leakage was
found to be effective in the diagnosis of USI in
women, with a sensitivity of 0.94 and specificity 
of 0.83. 

Conclusions
This is the first systematic review of methods for
diagnosing urinary incontinence. As reporting of
the primary studies was poor, clinical
interpretation was often difficult because few
studies could be synthesised and conclusions
made. The following information could be
deduced from the available data.

� A large proportion of women with USI can be
correctly diagnosed in primary care from
clinical history alone.

� On the basis of diagnosis the diary appears to
be the most cost-effective of the three primary
care tests (diary, pad test and validated scales)
used in addition to clinical history.

� Ultrasound imaging may offer a valuable
alternative to urodynamic investigation.

� The clinical stress test is effective in the
diagnosis of USI. Adaptation of such a test so
that it could be performed in primary care with
a naturally filled bladder may prove clinically
useful.

� If a patient is to undergo an invasive
urodynamic procedure, multichannel
urodynamics is likely to give the most accurate
result in a secondary care setting.

� There is a dearth of literature on the diagnosis
of urinary incontinence in men, with no studies
meeting the study criteria for data extraction in
the diagnosis of bladder outlet obstruction.

Implications for healthcare
� There is currently a lack of high-quality

research in clinically relevant areas to inform
clinical practice.

� Most diagnostic methods can be undertaken in
primary or secondary care.

� Simple investigations (e.g. pad test and diary)
may offer useful information on severity which,
when combined with history, may provide

Executive summary
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sufficient information to commence primary
care interventions (which are low cost and low
risk).

Recommendations for research
Given the demographics of the UK population
and the reported high prevalence of any urinary
incontinence in the community-dwelling
population, there will be an increasing burden
placed on primary (and secondary) care services in
terms of the diagnostic assessment and
appropriate treatment of incontinence. Therefore,
identifying which are the most clinically accurate
and cost-effective diagnostic methods is of crucial
importance.

There is a need for large-scale, high-quality
primary studies evaluating the use of a number of
diagnostic methods in a primary care setting to be
undertaken so that the results of this systematic
review can be verified or not. Such studies should
include not only an assessment of clinical
effectiveness, in this case diagnostic accuracy, but
also an assessment of costs and quality of
life/satisfaction to inform future health policy
decisions. 

Studies carried out should be reported to a better
standard. The recommendations of the Standards
for Reporting of Diagnostic Accuracy (STARD)
initiative should be followed to ensure the
accuracy and completeness of reporting design
and results.

Health Technology Assessment 2006; Vol. 10: No. 6

xi

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





Background
Urinary incontinence has been defined by the
International Continence Society (ICS) as “the
complaint of any involuntary leakage of urine”.1

They suggest that such leakage should be further
described by specifying type (distinguishing
between stress, urge and mixed urinary
incontinence), frequency, severity, precipitating
factors, social impact, effect on hygiene and
quality of life, measures used to contain leakage
and whether the individual seeks or desires help
for incontinence. Although urinary incontinence is
not life threatening, it can have enormous costs to
individuals and the health service in terms of
expenditure and impact on quality of life.
Epidemiological studies have demonstrated that
urinary incontinence is a very common symptom;
McGrother and colleagues report a prevalence of
any urinary incontinence (in those aged 40 years
and over) of 34% for women and 14% for men.
The proportion of people finding that these
symptoms impact on their lives is estimated to be
around 29% for women and 14% for men.2

Aetiology
Three types of incontinence can be identified,
depending on the symptoms of the presenting
patient. These terms are commonly used in
scientific studies and the definitions are taken
from the current ICS Standardisation Report1 to
describe symptomatic diagnoses. 

� Stress urinary incontinence (SUI) is the
complaint of involuntary leakage on effort or
exertion, or on sneezing or coughing.

� Urge urinary incontinence (UUI) is the
involuntary leakage of urine accompanied or
immediately preceded by urgency.

� Mixed urinary incontinence (MUI) is the
complaint of involuntary leakage associated
with urgency and also with exertion, effort,
sneezing or coughing.

When the symptoms of incontinence are
confirmed by urodynamic investigation then two
types of incontinence can be diagnosed:

� Urodynamic stress incontinence (USI) is the
involuntary leakage of urine during increased
abdominal pressure in the absence of a detrusor
contraction. This replaces the commonly used
term genuine stress incontinence.1

� Detrusor overactivity (DO) is involuntary
detrusor contractions during the filling phase,
which may be spontaneous or provoked. This
term replaces detrusor instability. 

Cost and social problems
Urinary incontinence has an enormous cost to
individuals and health services in terms of
expenditure and impact on quality of life. A study
investigating the cost of urinary storage disorders
to the UK estimated that the total cost of treating
urinary storage disorders in community-dwelling
adults over the age of 40 was £536 million in
1999/2000 prices. In addition, there is an
estimated cost of £207 million that is borne by the
individual for managing their symptoms (£29
million and £178 million for men and women,
respectively).3

In addition to the economic costs, urinary
incontinence has a serious impact on the quality of
life of sufferers. Effects have been shown to
include depression,4 anxiety5 and poor life
satisfaction.6 All types of leakage have a
detrimental effect on daily activities and overactive
bladder symptoms in particular have been shown
to be distressing for young women.7

Assessment and diagnosis
Diagnosis of urinary incontinence usually begins
with an assessment of the symptoms in a clinical
history. There are several different symptoms of
urinary incontinence, depending on the
circumstances under which people leak urine.
Diagnosis may involve methods of assessing the
severity and pattern of leakage, using methods
such as pad tests and urinary diaries. Pad tests
largely measure the severity of leakage, while the
diary assesses the severity of frequency and
leakage. Increased frequency and incontinence

Health Technology Assessment 2006; Vol. 10: No. 6
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recorded in a diary may be indicative of UUI and
a positive pad test may indicate SUI.

Assessment procedures tend to be sequential,
beginning with the recording of symptoms in a
patient history, which may be indicative of a
particular underlying condition. Linked in with
these sequential assessment procedures are often
clinical treatment interventions; these may be
implemented and then further assessment
processes undertaken depending on the success of
the intervention. 

Methods of diagnostic assessment can be broadly
divided and sequentially ordered into five 
groups:

� clinical history-taking, including nature,
duration and reported severity of symptoms,
functional and mental status, relevant 
medical, surgical and gynaecological history,
impact of symptoms on quality of life and
exacerbating factors including diet, fluid and 
medications

� validated scales, which measure the severity of
symptoms and impact of symptoms on quality
of life

� physical examination, including abdominal,
perineal, rectal, neurological and measurement
of body mass index (BMI)

� simple investigations, including urinalysis,
midstream specimen of urine (MSSU),
measurement of postvoid residual volume
(PVRV), provocation stress test,
frequency–volume charts and pad tests

� advanced investigations, including urodynamics.

Pathways to diagnostic assessment are inconsistent,
with some individuals being assessed and treated
in primary-care settings by GPs and nurses, and
others being referred directly to a variety of
specialists in secondary care (e.g. physiotherapists,
gynaecologists, urologists, geriatricians or
specialist nurses based in secondary care) without
any assessment or treatment. Although algorithms
for the assessment and treatment of urinary
incontinence have been recommended, the most
appropriate healthcare worker to conduct such
assessments has not been identified, nor has their
ideal location.8 For example, a symptomatic
diagnosis conducted by a nurse in a health centre
will have a different service cost to a condition-
specific diagnosis conducted by a specialist in
hospital using urodynamic equipment. 

Assessment can be undertaken at a number of
levels using different combinations of screening

tests. Figure 1 illustrates assessment processes in
clinical practice and how they are interrelated with
initiation of treatment. There are also likely
overlaps of investigative methods being used at
different points in the care pathway.

It is particularly important when implementing
certain treatment interventions (e.g. medication
that may have side-effects) that a diagnosis is
made to determine the most effective treatment
intervention, and of course it is imperative before
surgical intervention. If a diagnosis is not made,
then inappropriate and unnecessary interventions
may be implemented. As has already been
mentioned, there are two levels of diagnosis:
symptomatic diagnosis and condition-specific
diagnosis. In general, symptomatic diagnoses take
place in primary care and condition-specific in
secondary care, where urodynamic investigations
are available. In primary care the diagnosis of
urinary incontinence is dependent on history-
taking, physical examination and simple
investigations including frequency–volume charts,
pad tests, urinalysis and estimation of PVRV. The
choice of diagnostic assessment method is
influenced by the clinical setting (primary/
secondary care) and by the expertise of the
professional conducting the diagnostic test. To
date, research has focused on the clinical
effectiveness of condition-specific diagnosis. Little
attention has been paid to the effectiveness of
symptomatic diagnosis, despite this being the basis
of all treatment in primary care.

The term urodynamics relates to the study of
pressure–flow relationships in the urinary tract
and provides a functional assessment of the lower
urinary tract to provide objective explanations for
urinary symptoms or dysfunction.9 Urodynamic
tests include such minimally invasive tests as
frequency–volume charts, but more commonly
refer to cystometry, urethral pressure
measurement, pressure–flow studies,
videourodynamics and ambulatory monitoring.9

The aim of clinical urodynamics is to reproduce
symptoms while making precise measurements to
identify the underlying cause for the symptoms
and to quantify the pathophysiological processes.10

Urodynamic tests are invasive, usually involving
catheterisation of the bladder and the
measurement of pressure in the urethra, bladder
and abdomen. A significant number of people who
undergo urodynamics find it embarrassing,
painful or distressing.11

Full descriptions of urodynamic techniques can be
found in a number of recent publications.9,12

Introduction and background
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Although there are concerns about accuracy and
reproducibility, urodynamics is still regarded as the
gold-standard method for diagnosing urinary
incontinence and is usually a necessary procedure
before surgery is performed.13

Aims and objectives
This systematic review aims to:

� identify, appraise and summarise the published
evidence relating to different methods of

diagnostic assessment of male and female
urinary incontinence: specifically USI and DO

� quantitatively synthesise the extracted evidence
using meta-analysis methods (where possible) or
pooling of individual sensitivity and specificity
data

� develop an illustrative flowchart of diagnostic
processes for urinary incontinence in current
clinical practice, and construct an economic
model to examine the cost-effectiveness of
simple, commonly used primary-care tests

� identify gaps in the literature; and prioritise
future clinical and research questions.

Introduction and background

4



General methodology
The systematic review followed the guidelines
contained in NHS Centre for Reviews and
Dissemination (CRD) Report 414 and aimed to
appraise and summarise the published evidence
relating to the different methods of diagnostic
assessment in male and female urinary
incontinence within the subgroups of diagnostic
tests described in Chapter 1:

� clinical history-taking
� validated scales
� physical examination
� simple investigations
� advanced investigations.

The review examined the evidence of these
subgroups of tests in relation to:

� clinical use, including sensitivity, specificity and
positive predictive values of different diagnostic
assessment methods when compared with the
gold standard of multichannel urodynamics

� economic modelling.

The overall philosophy of the systematic review
was to maintain breadth, synthesising the evidence

where appropriate using quantitative techniques
and providing economic modelling of costs of
diagnostic methods.

Search strategy
The online bibliographic databases MEDLINE
(January 1966 to December 2002), CINAHL
(January 1982 to December 2002) and EMBASE
(January 1980 to December 2002) were used to
obtain the literature. The search strategy was
based on the Cochrane and NHS CRD strategies
for identifying studies of diagnostic performance,
and the information officers at these centres were
consulted during this process. A number of
keywords was identified based on possible
diagnostic tests and possible permutations of their
names (Table 1). A paper was included if a word
from {Diagnostic filter} OR {Diagnostic test}
AND {Incontinence term} was found anywhere in
the title or abstract or used as a MeSH heading.
The search results were limited to humans, reports
in the English language and adults (>19 years)
only. The full search strategies can be seen in
Appendix 1.

Health Technology Assessment 2006; Vol. 10: No. 6
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Chapter 2

Methods

TABLE 1 Keywords used in literature search of MEDLINE, EMBASE and CINAHL

{Urinary incontinence} {Diagnostic test}

Urinary incontinence Urodynamics
Urge incontinence Provocation stress test
Stress incontinence Frequency volume chart
Leakage AND urin* (keyword) Urinalysis

Post-void residual volume
Mid-stream specimen
MSSU
Pad tests OR pad testing OR pad test
Urinalysis
Midstream sample of urine

{Diagnostic filter}

Sensitivity Summary receiver operating characteristic/curve Predictive value
Specificity Diagnostic errors Predictive standards
Predictive value of tests Likelihood ratio Predictive models
Reference values Likelihood function Criteria test
Reference standard False positives Validated standard
‘Gold standard’ False negatives Work-up bias

Observer bias/variation



First exclusion process
All records were entered into a bibliographic
referencing software program (Procite). Duplicate
papers were identified and deleted. The
remaining papers were assessed for relevance by
the first investigator on the basis of the abstract,
or if the abstract was not available then the title
only. A sample (10%) was also assessed for
potential relevance by the second investigator;
agreement between the two readers was 99%. 

Inclusion
Papers were considered relevant to the systematic
review if they considered the evaluation,
appropriateness and/or cost of diagnostic
assessment in the five categories identified:

� clinical history-taking
� validated scales
� physical examination
� simple investigations
� advanced investigations.

To be included, a paper had to provide a
quantitative comparison between two different
methods of diagnosing urinary incontinence. 

Exclusion
Any papers that fell into the following categories
were excluded from the review:

� diagnosis of children
� reports in a non-English language
� case reports
� letters
� reviews (non-primary research)
� papers investigating interventional procedures

where diagnostic tests were used as outcome
measures.

All of the abstracts were read by the first investigator
and classified as relevant, not relevant or unclear. A
second investigator who was blinded to the initial
classifications then read 20% of the relevant records,
10% of the not relevant records and 100% of the
unclear records. Any discrepancies were discussed.
Agreement between the two investigators was 98%.
Full copies of those papers identified as either
relevant or unclear were obtained. 

Second exclusion process
Once obtained, full copies of papers identified as
of potential relevance were read by the first
investigator and classified as relevant, not relevant
or unclear on the basis of the same inclusion and
exclusion criteria. The same second investigator,

again blinded, read 20% of the relevant, 20% of
the not relevant and all of the unclear papers,
and any discrepancies were discussed. Agreement
between the two investigators was 96%.

Categorisation of studies
Owing to the large number of tests used for the
diagnosis of urinary incontinence and, hence, the
number of possible comparisons, a matrix was
constructed to organise the literature (see Table 2
in Chapter 3). Each relevant paper was assigned to
a box in the matrix according to the two
diagnostic tests compared (or boxes if more than
two tests were compared).

Quality assessment
The recent growth in systematic reviews of
diagnostic tests has resulted in the need for
methods to assess the quality of diagnostic studies.
In response to this, a project was funded by the
HTA programme to develop a quality tool
specifically for these types of studies, the Quality
Assessment of Diagnostic Studies (QUADAS)
tool,15 which was used for the quality assessment
component of the review. The tool consists of 14
questions regarding the quality of the study and
quality of reporting (Appendix 2).

Pilot study
As the QUADAS tool was a recently developed
instrument, a pilot quality assessment exercise was
undertaken to ascertain whether it required
amending or extending for the specific remit of
the review. Four papers16–19 identified as
potentially relevant for inclusion in the review
were assessed for quality by five of the project
investigators using the original QUADAS tool.
The investigators were asked to report any
questions that they felt required clarification or
expanding, or that were not relevant. 

Several clarifications were added to the instructions
based on the recommendations from the pilot
study (Appendix 3). These included directives that
no assumptions should be made, for example when
judging the period between the two tests. This is
rarely explicitly stated and it is tempting (and
probably correct) to assume that the period
between tests is short. Following advice from a
clinical member of the project team, further
information was provided for assessing the quality
of papers that investigated urodynamic procedures,
including the minimum amount of detail required

Methods
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for replication of urodynamics to be possible.
Information was also added to clarify the quality
assessment of other questions on validity of the
sample and appropriate reference standards.

Full quality assessment process
Seven members of the investigation team took part
in this process, each assessing approximately 30
papers. Ten per cent of the papers were assessed
by two different investigators to check the inter-
rater reliability of the tool; the remaining 90% were
assessed only by one investigator. This procedure
also served as a final filter for relevance and
investigators were asked to highlight any studies
that they felt were not relevant to the review. These
studies were discussed by two investigators and if
not relevant were excluded from the review. 

Data extraction
All papers identified as of potential relevance were
discussed by a panel consisting of at least three
members of the review team, including at least one
statistician. The panel determined whether study
data were presented in a suitable way to allow a
cross-tabulation of the results or sensitivity and
specificity to be calculated. The authors of studies
that did not present sufficient data for inclusion in
any meta-analysis were contacted by letter and asked
to provide further details (Appendix 4). In order to
aid this procedure and maximise the response,
forms were sent with template data tables to aid the
authors in providing data in either a cross-tabulation
form or individual patient data (Appendix 5). 
A website was also set up to give authors further
information about the project and examples of 
the data required (http://www.prw.le.ac.uk/
research/hta/) (Appendix 6).

While members of the project team were assessing
the quality of papers they also recorded other
details. This included the size, gender and age of
the sample, the care setting where the study was
performed and the country (Appendix 7). 

Data synthesis
Studies that reported the results of applying the
same diagnostic procedure using the same
threshold value (cut-off) were pooled using a
random effects meta-analysis model (which
reduced to a fixed effect model when the between-
study variability was estimated to be 0) to produce
pooled estimates of the sensitivity, specificity and
diagnostic odds ratio (DOR), together with

associated 95% confidence intervals (CIs). Tests for
heterogeneity were carried out for each outcome
and are reported. On the basis of the pooled
sensitivity and specificity the positive likelihood
ratio was calculated, together with associated 95%
CI. A positive likelihood ratio can be used to assess
the impact on diagnosis of a positive test result for
an individual, although values greater than 10 are
usually considered necessary for a test to provide
convincing diagnostic evidence.18 Pooling
sensitivity and specificity separately assumes that
the diagnostic threshold is the same in each study.
Pooling DORs relaxes this assumption by assuming
that the studies relate to the same symmetrical
receiver operating characteristic (ROC) curve. The
DOR has been put forward as a useful single
indicator of test performance, which indicates the
strength of the association between test results in
disease (in much the same way as the odds ratio is
used in epidemiology to express the association
between exposure and disease). For a thorough
explanation of the use of odds ratios in diagnostic
applications, including their application to meta-
analysis, see Glas and colleagues.20

The empirical study sensitivities and specificities
and corresponding pooled estimates are plotted in
ROC space to aid the simultaneous interpretation.
The ROC curve corresponding to the pooled
DORs is also presented together with the area
under the curve (AUC) for the ROC curve and
associated 95% CI.21 The symmetric ROC curve
determined by the pooled DOR is given by 

1
Sensitivity = 1/[1 + ————————————]1 – Specificity

DOR × (———————)Specificity

The intention was, where between study
heterogeneity existed, to explore it using meta-
regression investigating potential associations
between study characteristics (such as population
under study, country of study and quality of study)
on the DOR scale, but this proved to be infeasible
owing to the low numbers of studies identified for
each separate outcome of interest. 

All analyses were performed using Stata version
7.0 (Stata Corporation, College Station, TX, USA,
2002) and MetaDiSc (www.hrc.es/investigation/
metadisc.html – a new freely available program for
carrying out meta-analysis of diagnostic test
performance studies). 

Whether studies reported sufficient data for meta-
analysis or not, an attempt was made to undertake a
narrative synthesis of all relevant papers identified.

Health Technology Assessment 2006; Vol. 10: No. 6
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Studies identified
A flowchart of the studies is shown in Figure 2. In
total, 6099 papers were identified from MEDLINE
(2913), CINAHL (411) and EMBASE (2775). Of
these, 1479 duplicate papers were identified and
deleted: 11 from MEDLINE, 111 from CINAHL
and 1357 from EMBASE. There was a large
amount of overlap between the studies identified
by MEDLINE and EMBASE, with 49% of the
studies identified by EMBASE also being
identified by MEDLINE. 

The deletion of duplicate papers left 4620
individual papers. After the first exclusion process
490 records were identified as of potential
relevance and full copies of the papers were
obtained. After the second exclusion process 197
different, original papers appeared to meet the
inclusion criteria. These potentially reported the
quantitative comparison of two or more diagnostic
tests used for the detection of urinary
incontinence. After more detailed reading of each
paper during the data extraction and quality
assessment processes a further 76 papers were
found not to meet the inclusion criteria of the
review and were excluded.22–96

Results of contacting authors
Twenty-four studies were identified as being of
potential interest but with insufficient data
presented in the written paper to enable any
summary measures of diagnostic accuracy to be
calculated.19,32,43,52,80,97–116 The lead authors of
these studies were contacted by letter and asked to
provide further information. Four authors
responded with all of the requested data.97,98,104,107

The data from the other 19 studies were included
in the review in the form presented in the paper. 

Categorisation of papers
The completed matrix showing the distribution of
the literature can be seen in Table 2. The majority
of the published studies deal with the most
commonly used diagnostic tests: urodynamics, pad
test, urinary diary, clinical history and ultrasound

imaging, although a small number of studies
investigated less common tests.

A separate matrix was constructed to organise the
literature that compared the different urodynamic
tests (Table 3). 

Quality assessment
Pilot study
Agreement between investigators for the various
questions ranged from 0.65 to 1.00 (Table 4). A
common problem encountered was in the lack of
clarity in reporting. This led to investigators
making, probably correct, assumptions about
factors such as blinding of experimenters and
periods between diagnostic tests. 

Full quality assessment
The results of the full quality assessment
procedure are displayed in Table 5. There was a lot
of variation in terms of the quality of the studies
and also the quality of the reporting. The items
that resulted in the most favourable ratings were
questions 3, 5, 6 and 7, which were all concerned
with the quality of study design: specifically,
whether an appropriate reference standard test
was used (question 3: 84% of papers rated as ‘yes’),
whether all patients underwent identical
diagnostic procedures (questions 5 and 6: 91% 
and 86% of papers rated as ‘yes’) and whether 
the two diagnostic tests were independent 
of each other (question 7: 77% of papers rated 
as ‘yes’). 

Several items were poorly described in the papers:
39% of the papers did not clearly describe the
selection criteria used in the study, therefore it is
not possible to judge how appropriate the sample
was. Questions 9a and 9b dealt with the issue of
blinding; for the majority of the studies it was
unclear whether the reference (79%) or index tests
(83%) were interpreted without knowledge of the
other test. Sixty-one per cent of the papers did not
report whether there were any uninterpretable or
intermediate results (question 11) and 67% of the
papers did not report whether there were any
withdrawals from the study (question 12).
Question 4 dealt with the period between the two

Health Technology Assessment 2006; Vol. 10: No. 6
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diagnostic tests; 64% of the papers did not report
this and although it is likely that in a lot of cases
tests were performed either on the same day or
within a few days this could not be assumed. 

The responses to the other questions (1, 8a, 8b
and 10) showed that for these items quality of
both study design and reporting were good: 64%
of the studies included a representative spectrum
of patients, 64% and 59%, respectively, described
the index and reference test in sufficient detail for

replication and 79% provided the same clinical
data as would be available in practice. 

To check for inter-rater agreement 16 of the 121
papers were quality assessed by two separate
investigators. The results of this did not allow a
kappa test to be performed and therefore the
proportion of agreement between the assessors
was calculated for each question (Table 6). The
proportion of agreement between raters ranged
from 0.50 (identical ratings were given half of the
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TABLE 3 Matrix showing comparison of urodynamic tests

Multichannel urodynamics Clinical stress test Single-channel cystometry

Imaging 5
Stress tests 6
Single-channel urodynamics 8
Ambulatory 6
UPP 5 1
Flow measurement 1
Cystometry by
foetal monitor 2
Ice-water test 1
Fluid-bridge test 1
Stop test 1

TABLE 4 Quality assessment pilot study: agreement between investigators

Item Proportion of 
agreement

1. Was the spectrum of patients representative of the patients who will receive the test in practice? 0.65

2. Were selection criteria clearly described? 0.90

3. Is the reference standard likely to correctly classify the target condition? 1.00

4. Is the time period between reference standard and index test short enough to be reasonably sure 0.70
that the target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample receive verification using a reference 1.00
standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result? 1.00

7. Was the reference standard independent of the index test (i.e. the index test did not form part of 0.85
the reference standard)?

8a. Was the execution of the index test described in sufficient detail to permit replication of the test? 0.69

8b. Was the execution of the reference standard described in sufficient detail to permit its replication? 0.69

9a. Were the index test results interpreted without knowledge of the results of the reference standard? 0.65

9b. Were the reference standard results interpreted without knowledge of the results of the index test? 0.65

10. Were the same clinical data available when test results were interpreted as would be available when 0.74
the test is used in practice?

11. Were uninterpretable/intermediate test results reported? 0.50

12. Were withdrawals from the study explained? 0.75

TABLE 2 Matrix showing the distribution of literature that met the inclusion criteria

Urodynamics History Scales Pads Diary Battery sEMG

History 42 1 6 3 1
Scales 8 1
Pads 7 4
Diary 4 2
Paper towel test 1
Physical examination 1 1 2
Q-tip test 4
Algorithm 3
Battery 2 1
Conductance 1
Ultrasound 9
Urodynamics 37
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TABLE 5 Summary of quality assessment

Item Yes No Unclear

1. Was the spectrum of patients representative of the patients who will receive the 78 12 31
test in practice?

2. Were selection criteria clearly described? 65 47 9

3. Is the reference standard likely to correctly classify the target condition? 102 1 18

4. Is the time period between reference standard and index test short enough to be 43 0 78
reasonably sure that the target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample receive verification using 110 6 5
a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result? 104 2 15

7. Was the reference standard independent of the index test (i.e. the index test did not 93 2 26
form part of the reference standard)?

8a. Was the execution of the index test described in sufficient detail to permit replication 78 25 18
of the test?

8b. Was the execution of the reference standard described in sufficient detail to permit 71 33 17
its replication?

9a. Were the index test results interpreted without knowledge of the results of the 23 3 95
reference standard?

9b. Were the reference standard results interpreted without knowledge of the results of 10 11 100
the index test?

10. Were the same clinical data available when test results were interpreted as would be 95 26 0
available when the test is used in practice?

11. Were uninterpretable/intermediate test results reported? 22 25 74

12. Were withdrawals from the study explained? 24 15 82

TABLE 6 Full quality assessment: agreement between investigators

Item Proportion of 
agreement

1. Was the spectrum of patients representative of the patients who will receive the test in practice? 0.62

2. Were selection criteria clearly described? 0.75

3. Is the reference standard likely to correctly classify the target condition? 0.75

4. Is the time period between reference standard and index test short enough to be reasonably sure 1.00
that the target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample receive verification using a reference 0.87
standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result? 0.75

7. Was the reference standard independent of the index test (i.e. the index test did not form part of 0.87
the reference standard)?

8a. Was the execution of the index test described in sufficient detail to permit replication of the test? 0.75

8b. Was the execution of the reference standard described in sufficient detail to permit its replication? 0.62

9a. Were the index test results interpreted without knowledge of the results of the reference standard? 0.87

9b. Were the reference standard results interpreted without knowledge of the results of the index test? 0.75

10. Were the same clinical data available when test results were interpreted as would be available 0.75
when the test is used in practice?

11. Were uninterpretable/intermediate test results reported? 0.50

12. Were withdrawals from the study explained? 0.75



time) to 1.00 (perfect agreement). Questions 4, 5,
7 and 9a resulted in a high level of agreement of
0.87 or above. Questions 1, 8b and 11 resulted in
low levels of agreement of 0.62 or below.
Disagreements were resolved by a third person
reading the paper. 

Studies identified: 
key characteristics
Where it is possible to undertake a meta-analysis
or pool the results from a group of papers this will
be reported in the text and tables. For those
studies that could not be combined individual
study results are reported. The shaded text in the
tables illustrates the studies that presented data in
a form that did not allow summary measures of
diagnostic accuracy to be calculated. Table 7
presents a summary of data and results of
diagnostic accuracy for index tests compared with
multichannel urodynamics.

Clinical history compared with
urodynamics
USI in women
Twenty-one studies compared the diagnosis of USI
in women by clinical history-taking and
urodynamics (Table 8). Nineteen were performed
in secondary care, one in primary care125 and one
did not specify where the study was performed.119

All of these studies used the presence or absence
of stress incontinence symptoms as their index test
compared with the reference test of multichannel
urodynamics, except for one study that used
single-channel urodynamics as the reference
standard.165

Fifteen studies provided a full cross-tabulation of
results and the data from these studies were
combined to provide a pooled sensitivity of 0.92
(95% CI 0.91 to 0.93) and specificity of 0.56 (95%
CI 0.53 to 0.60) for the diagnosis of USI in
women using a clinical history (Figure 3). Although
all of these studies used symptoms of stress
incontinence, it is probable that different amounts
and types of questions were used and different cut-
offs applied. Care should be taken, therefore,
when interpreting the results. The positive
likelihood ratio associated with the pooled
sensitivity and specificity is 2.09 (95% CI 1.83 to
2.35) and the AUC for the ROC curve
corresponding to the pooled DOR is 0.83 (95% CI
0.71 to 0.95) (Figure 3). 

In addition to the pooled studies, three studies
report sensitivity and specificity only.161–163 These

studies report sensitivities of 0.66, 0.96 and 0.56
and specificities of 0.63, 0.23 and 0.70,
respectively. One study reported significantly
higher stress symptoms in the USI-confirmed
group than in the non-USI group16 and one study
reported that multichannel urodynamics
confirmed USI in 89% of patients with stress
incontinence symptoms.164

In addition, one study compared stress
incontinence symptoms with single-channel
urodynamics; a sensitivity of 0.92 and specificity of
0.39 is reported.165

DO in women
Fourteen studies compared the diagnosis of DO by
clinical history and urodynamics (Table 9).
Thirteen studies were performed in secondary
care and one in primary care.125

Eight studies provided a full cross-tabulation of
results and the data from these studies were
combined to provide a pooled sensitivity of 0.61
(95% CI 0.57 to 0.65) and specificity of 0.87 (95%
CI 0.85 to 0.89) for the diagnosis of DO in women
by clinical history (Figure 4). Although all of these
studies used symptoms of urge incontinence it is
probable that different amounts and types of
questions were used and different cut-offs applied.
Again, care should be taken therefore when
interpreting the results. The positive likelihood
ratio associated with the pooled sensitivity and
specificity is 4.69 (95% CI 4.05 to 5.33) and the
AUC for the ROC curve corresponding to the
pooled DOR is 0.83 (95% CI 0.69 to 0.97) (Figure 4). 

In addition, two studies compared diagnosis by
history with multichannel urodynamics in elderly
women (Figure 5), resulting in a pooled sensitivity
of 0.27 (95% CI 0.16 to 0.42) and specificity of
0.94 (95% CI 0.91 to 0.97).

Four papers presented only sensitivity and
specificity from their studies.162,163,166,167 The
reported sensitivities were 0.70, 0.56, 0.40 and
0.53 and specificities 0.35, 0.70, 0.74 and 0.94,
respectively.

Diagnosis of DO and USI in men
Three studies compared diagnosis made by
clinical history and urodynamics in men (Table 10).
In a post-prostatectomy population one study
reports clinical history to be 1.00 sensitive and
0.50 specific for diagnosing USI and 0.50 sensitive
and 0.77 specific for diagnosing DO.168 One study
reports a sensitivity of 0.73 and specificity of 0.60
for the diagnosis of DO by clinical history169 and
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FIGURE 3 Pooled random effect results: clinical history versus multichannel urodynamics (MCU) for diagnosis of USI in women. 
(a) Independently pooled sensitivity; (b) independently pooled specificity; (c) sensitivity and specificity for each study and pooled
estimates plotted in ROC space; (d) pooled DOR (random effect) plotted in ROC space. SROC, summary receiver operating characteristic.
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FIGURE 3 (cont’d) Pooled random effect results: clinical history versus multichannel urodynamics (MCU) for diagnosis of USI in
women. (a) Independently pooled sensitivity; (b) independently pooled specificity; (c) sensitivity and specificity for each study and
pooled estimates plotted in ROC space; (d) pooled DOR (random effect) plotted in ROC space. SROC, summary receiver operating
characteristic.



Results

22 T
A

B
L
E

 9
Cl

in
ic

al
 h

ist
or

y 
co

m
pa

re
d 

w
ith

 u
ro

dy
na

m
ic

s 
fo

r D
O

 in
 w

om
en

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

St
at

is
ti

ca
l t

es
ts

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Is
hi

ko
12

2
19

8
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.8
6

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

6

C
un

di
ff11

7
53

5
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.4
1

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

6

Sa
nd

vi
k13

0
25

0
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.5
6

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

6

D
e 

M
uy

ld
er

11
8

40
8

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
of

 U
I

D
O

M
ul

tic
ha

nn
el

 
H

ist
or

y 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 0
.6

2
ur

od
yn

am
ic

s
(u

rg
e 

sy
m

pt
om

s)
Sp

ec
ifi

ci
ty

 =
 0

.4
7

La
gr

o-
Ja

ns
se

n12
5

10
3

F
Pr

im
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.6
1

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

5

Sa
nd

12
9

18
8

F
Se

co
nd

ar
y

LU
T

S
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.3
3

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

8

Fi
tz

G
er

al
d12

1
29

3
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.2
7

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

2

C
an

to
r13

2
21

4
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.9
1

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.4

5

D
io

kn
o12

0
20

0
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I 
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.1
4

(e
ld

er
ly

)
ur

od
yn

am
ic

s
(u

rg
e 

sy
m

pt
om

s)
Sp

ec
ifi

ci
ty

 =
 0

.9
7

O
us

la
nd

er
12

7
13

5
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I 
D

O
M

ul
tic

ha
nn

el
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.3
2

(e
ld

er
ly

)
ur

od
yn

am
ic

s
(u

rg
e 

sy
m

pt
om

s)
Sp

ec
ifi

ci
ty

 =
 0

.9
0

C
la

rk
e16

2
10

0
F

Se
co

nd
ar

y
LU

T
S

D
O

M
ul

tic
ha

nn
el

 
H

ist
or

y
Se

ns
iti

vi
ty

 a
nd

 s
pe

ci
fic

ity
 

Se
ns

iti
vi

ty
 =

 0
.7

0
ur

od
yn

am
ic

s
Sp

ec
ifi

ci
ty

 =
 0

.3
5

Be
rg

m
an

16
3

15
4

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
of

 U
I 

U
SI

/D
O

M
ul

tic
ha

nn
el

 
H

ist
or

y 
(r

an
ge

 
Se

ns
iti

vi
tie

s 
an

d 
M

ea
n 

+
 c

on
tr

ol
s

ur
od

yn
am

ic
s

of
 s

ym
pt

om
s)

sp
ec

ifi
ci

tie
s

Se
ns

iti
vi

tie
s 

=
 5

6 
±

17
Sp

ec
ifi

ci
tie

s 
=

 7
0 

±
23

Pe
tr

os
16

6
11

3
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
H

ist
or

y
M

ul
tic

ha
nn

el
 

Se
ns

iti
vi

ty
 a

nd
 S

pe
ci

fic
ity

 
Se

ns
iti

vi
ty

 =
 0

.4
0

ur
od

yn
am

ic
s

Sp
ec

ifi
ci

ty
 =

 0
.7

4

Va
n 

D
oo

rn
16

7
22

8
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
D

O
A

m
bu

la
to

ry
 

H
ist

or
y 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.5
3

ur
od

yn
am

ic
s

(u
rg

e 
sy

m
pt

om
s)

Sp
ec

ifi
ci

ty
 =

 0
.9

4



Health Technology Assessment 2006; Vol. 10: No. 6

23

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

1.
0

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

(a
)

Se
ns

it
iv

it
y 

(9
5%

 C
I)

Sp
ec

ifi
ci

ty
 (

95
%

 C
I)

(b
)

(c
)

(d
)

0
0.

2
0.

4
0.

6
0.

8
1.

0

0.
91

 (0
.8

4 
to

 0
.9

5)
0.

27
 (0

.1
4 

to
 0

.4
4)

0.
33

 (0
.1

7 
to

 0
.5

3)
0.

61
 (0

.3
6 

to
 0

.8
3)

0.
62

 (0
.5

6 
to

 0
.6

8)
0.

56
 (0

.4
0 

to
 0

.7
2)

0.
41

 (0
.3

2 
to

 0
.5

1)

13
2

12
1

12
9

12
5

11
8

13
0

11
7

12
2

0.
89

 (0
.6

8 
to

 0
.9

6)

Po
ol

ed
 s

en
sit

iv
ity

 =
 0

.6
1 

(0
.5

7 
to

 0
.6

5)
�

2  
=

 1
06

.0
9;

 d
f =

 7
 (p

 =
 0

.0
00

0)

0
0.

2
0.

4
0.

6
0.

8

0.
45

 (0
.3

5 
to

 0
.5

5)
0.

92
 (0

.8
8 

to
 0

.9
5)

0.
98

 (0
.9

5 
to

 1
.0

0)
0.

95
 (0

.8
8 

to
 0

.9
9)

0.
47

 (0
.3

9 
to

 0
.5

5)
0.

96
 (0

.9
2 

to
 0

.9
8)

0.
96

 (0
.9

4 
to

 0
.9

8)
0.

96
 (0

.9
2 

to
 0

.9
9)

Po
ol

ed
 s

pe
ci

fic
ity

 =
 0

.8
7 

(0
.8

5 
to

 0
.8

9)
�

2  
=

 3
73

.6
7;

 d
f =

 7
 (p

 =
 0

.0
00

0)

00.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

Sensitivity

RO
C

 p
la

ne

Se
ns

it
iv

it
y

0.
61

 (0
.5

7 
to

 0
.6

5)
�

2  
=

 1
06

.0
9;

 
df

 =
 7

 (p
 =

 0
.0

00
0)

Sp
ec

ifi
ci

ty
0.

87
 (0

.8
5 

to
 0

.8
9)

�
2  

=
 3

73
.6

7;
 

df
 =

 7
 (p

 =
 0

.0
00

0)

1 
– 

sp
ec

ifi
ci

ty
0

0.
2

0.
4

0.
6

0.
8

1.
0

0
0.

2
0.

4 1 
– 

sp
ec

ifi
ci

ty0.
6

0.
8

1.
0Sy

m
m

et
ri

c 
SR

O
C

A
U

C
 =

 0
.8

29
3

SE
 (A

U
C

) =
 0

.0
67

3
Q

* 
=

 0
.7

62
0

SE
 (Q

*)
 =

 0
.0

61
4

Po
ol

ed
 (r

an
do

m
 e

ffe
ct

) D
O

R 
14

.7
2 

(9
5%

 C
I 4

.8
7 

to
 4

4.
51

)
H

et
er

og
en

ei
ty

 �
2  

=
 1

05
.6

5 
(d

f =
 7

) p
 =

 0
.0

00

00.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

Sensitivity

SR
O

C
 c

ur
ve

13
2

12
1

12
9

12
5

11
8

13
0

11
7

12
2

F
IG

U
R

E
 4

Po
ol

ed
 ra

nd
om

 e
ffe

ct
 re

su
lts

: c
lin

ic
al

 h
ist

or
y 

ve
rs

us
 M

CU
 fo

r d
ia

gn
os

is 
of

 D
O

 in
 w

om
en

. (
a)

 In
de

pe
nd

en
tly

 p
oo

le
d 

se
ns

iti
vit

y;
 (

b)
 in

de
pe

nd
en

tly
 p

oo
le

d 
sp

ec
ifi

ci
ty

; (
c)

 s
en

sit
ivi

ty
 a

nd
sp

ec
ifi

ci
ty

 fo
r e

ac
h 

st
ud

y 
an

d 
po

ol
ed

 e
st

im
at

es
 p

lo
tt

ed
 in

 R
O

C 
sp

ac
e;

 (
d)

 p
oo

le
d 

D
O

R 
(r

an
do

m
 e

ffe
ct

) 
pl

ot
te

d 
in

 R
O

C 
sp

ac
e.



Results

24

12
7

0.
90

 (0
.8

2 
to

 0
.9

5)
12

0
0.

97
 (0

.9
3 

to
 0

.9
9)

Se
ns

iti
vi

ty
Sp

ec
ifi

ci
ty

(a
)

Se
ns

it
iv

it
y 

(9
5%

 C
I)

Sp
ec

ifi
ci

ty
 (

95
%

 C
I)

(b
)

RO
C

 p
la

ne

(c
)

0
0.

2
0.

4
0.

6
0.

8
1.

0

Po
ol

ed
 s

en
sit

iv
ity

 =
 0

.2
7 

(0
.1

6 
to

 0
.4

2)
�

2  
=

 1
.8

4;
 d

f =
 1

 (p
 =

 0
.1

75
5)

12
7

0.
32

 (0
.1

8 
to

 0
.5

0)
12

0
0.

14
 (0

.0
2 

to
 0

.4
3)

0
0.

2
0.

4
0.

6
0.

8

Po
ol

ed
 s

pe
ci

fic
ity

 =
 0

.9
4 

(0
.9

1 
to

 0
.9

7)
�

2  
=

 5
.5

2;
 d

f =
 1

 (p
 =

 0
.0

18
8)

1.
0

0
0.

2
0.

4
0.

6
0.

8
1.

0

1 
– 

sp
ec

ifi
ci

ty

Se
ns

it
iv

it
y

0.
27

 (0
.1

6 
to

 0
.4

2)
�

2  
=

 1
.8

4;
 

df
 =

 1
 (p

 =
 0

.1
75

5)

Sp
ec

ifi
ci

ty
0.

94
 (0

.9
1 

to
 0

.9
7)

�
2  

=
 5

.5
2;

 
df

 =
 1

 (p
 =

 0
.0

18
8)

Sensitivity

00.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

F
IG

U
R

E
 5

Po
ol

ed
 ra

nd
om

 e
ffe

ct
 re

su
lts

: c
lin

ic
al

 h
ist

or
y 

ve
rs

us
 M

CU
 fo

r d
ia

gn
os

is 
of

 D
O

 in
 e

ld
er

ly
 w

om
en

. (
a)

 In
de

pe
nd

en
tly

 p
oo

le
d 

se
ns

iti
vit

y;
 (

b)
 in

de
pe

nd
en

tly
 p

oo
le

d 
sp

ec
ifi

ci
ty

; (
c)

 s
en

sit
ivi

ty
an

d 
sp

ec
ifi

ci
ty

 fo
r e

ac
h 

st
ud

y 
an

d 
po

ol
ed

 e
st

im
at

es
 p

lo
tt

ed
 in

 R
O

C 
sp

ac
e.



one study reports a higher incidence of urge
symptoms in a urodynamically confirmed DO
group compared with a urodynamically normal
group.170

Diagnosis of USI and DO in a mixed population
Three studies compared diagnosis by clinical
history and multichannel urodynamics in a mixed
population (Table 11). One study reports a
sensitivity of 1.00 and specificity of 0.95 for the
diagnosis of USI by history taking of stress
incontinence symptoms.171 One study reports an
agreement of 93% (USI) and 63% (DO) between
the two methods,172 and one reports an agreement
of 60% for the diagnosis of USI.173

Validated scale compared with clinical
history
One study compared the association of the
Incontinence Impact Questionnaire (IIQ-6) and the
Urogenital Distress Inventory (UDI-7) with various
incontinence symptoms (Table 12). Correlation
coefficients of between 0.24 and 0.69 were found.

Validated scale compared with
validated scale
One study compared the association between the
long and short forms of the IIQ and the UDI
(Table 13). These scales measure the life impact
and symptom distress of urinary incontinence in
women. Correlations of r = 0.93 (UDI) and 0.97
(IIQ) were found between the two forms of the
questionnaires, indicating that the shortened
versions are equally as valid for the measurement
of these quality of life symptoms. 

Validated scale compared with pad test
Four papers reported a comparison of a validated
scale with a pad-test (Table 14). All four studied
only female patients.

Three papers did not present data in a way that
allowed sensitivity and specificity to be
calculated.107,113,114 Attempts to contact the
authors resulted in one response with the full data
requested.107

One study investigated the association between the
UDI and IIQ long form with a 1-hour pad test.113

These scales were developed to assess the impact
of urinary incontinence on activity and emotions
and the degree to which symptoms of
incontinence are distressing. Data were not
presented in a way that allowed sensitivity and
specificity to be calculated. However, the authors
present an ROC analysis that shows that there was
a 54% and 51% probability of correctly classifying

incontinence as measured by the pad test for the
IIQ and UDI, respectively.

One paper aimed to validate further the Sandvik
severity index, this time with the association with a
48-hour pad test.114 Insufficient data were
presented to allow sensitivity or specificity to be
calculated. The correlation between the severity
index and leakage of the pad test was r = 0.36
(p < 0.001).

One study investigated a new screening
questionnaire designed for women in primary
care, the Incontinence Screening Questionnaire
(ISQ) and compared it against the 48-hour pad
test.176 This resulted in a sensitivity of 0.65 and a
specificity of 0.80 (cut-off for pad test = 7 g,
positive ISQ = responded positively to at least one
of the eight items).

One study evaluated the Sandvik scale, a three or
four-level severity scale, against the 24-hour pad
test.107 When contacted, the author sent individual
patient data for 315 cases allowing numerous cut-
off points to be used. Based on positive cut-off
point of above 1 for the severity scale and 7 g for
the pad test, the scale was found to be 0.74
sensitive and 0.76 specific. 

Validated scales compared with
urodynamics
Eight studies compared the use of validated scales
with standard multichannel urodynamics for the
diagnosis of urinary incontinence (Table 15). Six
studies investigated female patients97,106,121,133,177,178

and two studied male patients.101,179 Six separate
scales were studied by the eight studies in this
group.

Three papers studied the UDI.97,121,178 Two papers
used the response on question 3 of the short form
of the scale (Are you bothered by urinary leakage
caused by physical exercise?) to predict
urodynamic diagnosis of USI.97,121 These studies
report sensitivities of 0.85 and 0.88 and
specificities of 0.63 and 0.55. Owing to the
homogeneity of these papers it was possible to
combine the data to produce a pooled sensitivity
of 0.87 (95% CI 0.82 to 0.92) and specificity of
0.60 (95% CI 0.51 to 0.69) for the diagnosis of
USI from question 3 of the UDI-6 (Figure 6). One
other paper reported a correlation of r = 0.54
between diagnosis using multichannel
urodynamics and score on the UDI.179

One paper investigated the use of a Detrusor
Instability Score (DIS),133 a ten-question scale
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designed to highlight either USI or DO. This
study reports an optimum sensitivity of 0.60 and
specificity of 0.77 for the diagnosis of USI. One
paper177 studied the ability of the Gaudenz
incontinence questionnaire to diagnose USI and
DO; this consists of 26 questions and also allows
grading of severity of the type of incontinence.
The paper reports sensitivities of 0.56 and 0.62
and specificities of 0.45 and 0.56 for the diagnosis
of USI and DO, respectively. 

The ability of the American Urological Association
(AUA) symptom index to diagnose DO in male
patients was studied by two papers.101,179 Both
papers compared the scores on the seven-question
AUA symptom index with diagnosis using
multichannel urodynamics. Neither paper
presented data in a format that allowed summary
statistics of diagnostic accuracy to be calculated.
One paper179 found no difference in AUA
symptom score between DO and non-DO groups;
however, the other found that those patients with
DO had significantly higher irritative scores on 
the AUA.101

One paper studied the correlation between
urodynamic diagnosis and score on a quality of life
questionnaire (SEAPI QMM incontinence
classification system) in women with confirmed
USI.106 This study found no statistically significant
correlation between the two methods. 

Pad test compared with clinical history
Six studies compared a pad test with clinical
history for the assessment of urinary incontinence
(Table 16). One study included both male and
female patients,180 the other five only females.
Four studies were performed in secondary care,
one in primary care and one did not specify where
it was performed. 

Three types of pad test were studied. Two studies
investigated the use of the 48-hour pad test; one
reported a sensitivity of 0.73 and specificity of
1.00 for the prediction of patient-reported
incontinence status.180 One paper assigned
patients to three severity groups according to
their self-reported urine loss and found
significant differences in mean urinary loss
between the three groups as measured by the 
48-hour pad test.112

Two papers studied the 24-hour pad test: one
study115 comparing the mean pad weight gain
between self-reported incontinent and continent
patient groups found no significant differences
between the two groups. The other,112 however,

found significant differences in mean pad weight
gain between three groups of patients grouped
according to the self-perceived severity of their
symptoms. 

Four papers compared a short-term pad test with
patient history. Presenting individual patient data,
one study reported an optimum sensitivity of 0.87
and specificity of 0.64 for the rapid exercise pad
test for predicting self-reported incontinence
status.111 For the same test a second study
reported a sensitivity of 0.90 and specificity of
1.00; however, as the raw data were not presented
in this paper it was not possible to pool these
results.181 A third study reported correlations of
between r = 0.31 and 0.67 between the 1-hour
pad test and various history questions, with the
largest correlation being between the pad test and
self-reported number of incontinent episodes.99 In
the fourth study when the ICS 1-hour pad test was
compared with self-reported grade of incontinence
severity, significant differences between mean pad
weight gain were found across the three groups.112

Pad test compared with urodynamics
Seven studies were identified that compared the
use of a pad test with urodynamics (Table 17). All
studies used only female patients and were
performed in a secondary care setting, apart from
one study that was conducted in mixed care
settings.105

Two studies presented data in a cross-tabulated
format that allowed sensitivity and specificity to be
calculated. One study found the ICS 1-hour pad
test to be 0.94 sensitive and 0.45 specific for
diagnosing any leakage compared with
multichannel urodynamics;134 the other found the
48-hour pad test to be 0.92 sensitive and 0.72
specific for diagnosing USI.135

Four other papers studied the use of short-term
pad tests for diagnosing USI compared with
multichannel urodynamics. One study found a
rapid exercise pad test to be 0.86 sensitive in
diagnosing patients with a urodynamic diagnosis
of USI.105 A second study compared three
different pad tests: unknown volume, 250 ml and
1 hour, also in urodynamically positive patients,
and found sensitivities ranging from 0.79 to
0.94.182 A third study reported a correlation
between the rapid exercise pad test and
multichannel urodynamics of 0.59.183 Finally, in a
fourth study significantly higher results of the ICS
1-hour test, 24-hour and 48-hour pad tests were
found in urodynamically confirmed USI compared
with asymptomatic controls. 

Results
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One paper compared multichannel urodynamics
with an exercise pad test, with the pad test result
taken to be the gold standard.100 Multichannel
urodynamics were reported to be 0.86 sensitive in
diagnosing patients with a positive pad-test result. 

Urinary diary compared with clinical
history
Three studies compared clinical history with a
urinary diary for the measurement of frequency 
of leakage (Table 18). None of these papers
presented data in a form that enabled sensitivity
or specificity to be calculated with either a
correlation coefficient or kappa statistic being
used. There was a high level of variance between
the levels of agreement demonstrated by the
three papers. One paper reported a correlation 
of 0.33,184 one a correlation of 0.6319 and one a
kappa of 0.62.99

Urinary diary compared with urinary
diary
Two studies performed a comparison of two
different urinary diaries (Table 19). One study
compared a 7-day diary with different types of
instructions: extensive and minimal for different
symptoms of incontinence in women with a
urodynamic diagnosis.185 The correlation between
the two methods ranged from 0.67 to 0.78.

One study compared the first 3 days of a 7-day
diary with the last 4 days in elderly male
patients.186 The correlation between the mean
number of incontinent episodes for this period
was r = 0.84.

Urinary diary compared with
urodynamics
Four papers studied the use of a urinary diary
compared with urodynamics (Table 20). However,
the data from three studies were not presented in
a form suitable for inclusion in any analysis and
attempts to contact the authors were
unsuccessful.108,109,187

One study compared the 24-hour diary with
multichannel urodynamics for the diagnosis of
USI, DO and mixed incontinence in female
patients.187 This paper reported significant
differences between diagnostic groups for various
diary parameters. Mean voided volume showed
the highest differentiating power between the
three diagnostic groups, but statistically 
significant differences were also found for total
voided volume, mean voided volume, largest
single voided volume and smallest single voided
volume.

One study compared the use of a 7-day diary with
multichannel urodynamics for the diagnosis of
USI in women with symptoms of pure stress
leakage.108 Data from patients with a normal
urinary diary only were presented and therefore
neither sensitivity nor specificity could be
calculated. However, out of 555 women with a
negative diary, incontinence (USI, DO or mixed
incontinence) was confirmed in 81%. 

One study investigated the ability of a urinary
diary differentially to diagnose USI and DO in a
female population with urodynamically confirmed
urinary incontinence.109 Data were not presented
in a format that would allow sensitivity or
specificity to be calculated. Based on logistic
regression analysis, the parameters of a urinary
diary that resulted in the best differentiation
between USI and DO were frequency of
micturition and mean voided volume. 

One study aimed to validate the Bladder
Instability Discriminant Index (BIDI), a score
derived from a 7-day urinary diary for the non-
invasive diagnosis of DO.136 A score was developed
based on parameters including weekly averages of
diurnal micturition, nocturnal micturition, and
mean, lowest and highest daily micturition
volume. By using a cut-off point of below –0.554
to identify a positive result when compared with
urodynamic diagnosis a sensitivity of 0.88 and
specificity of 0.83 were obtained.

Paper towel test compared with clinical
history
One study compared a simple paper towel test
with patient history of incontinence (Table 21). No
significant correlation was found between patient
perception of amount of leakage and the results of
the paper towel test. 

Physical examination compared with
clinical history
One paper studied the relationship between the
pelvic muscle rating scale and patient history
(Table 22).188 The scale was found to have a
sensitivity of 0.68 and specificity of 0.71. 

Physical examination compared with
electromyography
Two studies compared the use of a pelvic muscle
rating scale for the measurement of pelvic muscle
strength compared with surface electromyography
(sEMG) measurements (Table 23). Although these
papers do not deal specifically with the diagnosis
of urinary incontinence, pelvic muscle strength is a
crucial part of any evaluation of urinary symptoms.
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Both papers report a moderate association between
the two measures, with correlations of r =
0.46–0.57188 and r = 0.37–0.63.189

Physical examination compared with
battery of tests
One paper compared the diagnosis of USI by a
battery of tests with that by physical examination,
specifically genital prolapse (Table 24). A sensitivity
of 0.72 and specificity of 0.46 are reported.

Q-tip test compared with urodynamics
Four papers investigated the use of the Q-tip test
compared with urodynamics (Table 25). Two papers
studied the ability of the Q-tip test, measuring
straining angle, to diagnose USI compared with
multichannel urodynamics.137,138 Both papers
presented data in a form that allowed sensitivity
and specificity to be calculated; however, different
cut-off points were used to classify a positive result
and therefore the data cannot be combined. A cut-
off point of 35 degrees or greater resulted in a
sensitivity of 0.75 and specificity of 0.58,137 and a
cut-off of 30 degrees or greater in a sensitivity of
0.53 and specificity of 0.53.138

A further two studies also compared the Q-tip with
multichannel urodynamics.191,192 These studies did
not present data in a form suitable for calculating
summary measures of diagnostic accuracy;
however, they both report significantly higher
mean straining angles in the USI-confirmed group
than in asymptomatic controls.

Algorithm compared with urodynamics
Three studies researched the accuracy of
algorithm diagnostic tools compared with
multichannel urodynamics in elderly women 
(Table 26). One study investigated the Resident
Assessment Protocol (RAP), a non-urodynamic
algorithm.193 They report the RAP to have a
sensitivity of 0.76 and specificity of 0.97 for the
diagnosis of USI, and a sensitivity of 0.76 and
specificity of 0.71 for the diagnosis of DO.

Two studies investigated the ability, retrospectively,
of an algorithm method to predict diagnosis of
USI, DO and mixed incontinence by multichannel
urodynamics.194,195 They reported that treatment
based on the algorithm method would have been
correct in 85%194 and 95% of cases.195

Battery of tests compared with clinical
history
One paper190 studied the association between
diagnosis of USI using a battery of tests compared
with a clinical history (Table 27). The battery of tests

consisted of a physical examination, cystometry and
a stress test. A patient’s history of their symptoms
was found to be 0.52 sensitive and 0.85 specific in
predicting diagnosis based on the battery. 

Battery of tests compared with
urodynamics
Two papers studied the use of a battery of tests
compared with multichannel urodynamics 
(Table 28). One study compared a diagnosis based
on a Q-tip test, cough test and patients’ symptoms
with multichannel urodynamics.196 Good
agreement was found between the two methods,
with a sensitivity and specificity of 0.94 and 0.84
for the diagnosis of USI or mixed incontinence
and 0.71 and 0.96 for the diagnosis of DO. 

One study compared the combination of a pad test
and patient history for the diagnosis of DO
only;197 this reports a sensitivity of 0.88 compared
with diagnosis made by multichannel urodynamics.

Conductance measurement compared
with multichannel urodynamics
One paper198 studied the measurement of distal
urethral conductance (DUEC) for the diagnosis of
USI compared with multichannel urodynamics
(Table 29) and reported a sensitivity of 0.64 and
specificity of 0.86.

Urodynamics compared with
ultrasound
Nine studies compared the use of ultrasound
imaging with urodynamic investigations (Table 30).
Unfortunately, data from two papers were not
presented in a form suitable for inclusion in the
formal analysis.98,199 Attempts to contact the
authors for further information resulted in one
reply with the full, individual patient data
requested.98

All nine studies included only female patients and
all were conducted in a secondary care setting.
Two papers investigated the use of translabial
colour Doppler ultrasound.139,141 This was
compared as an alternative to fluoroscopy for the
detection of urinary leakage during urodynamic
investigation for the diagnosis of USI, DO and
mixed incontinence. 

Two papers studied the use of transrectal
ultrasound for the evaluation of the bladder base
and urethrovesical junction compared with the
ICS-defined diagnosis of USI by urodynamic
investigation.143,144 A urethrovesical junction drop
during stress of at least 1 cm was defined as the
cut-off for USI.

Results

36



Health Technology Assessment 2006; Vol. 10: No. 6

37

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

T
A

B
L
E

 2
5

Q
-t

ip
 t

es
t 

co
m

pa
re

d 
w

ith
 u

ro
dy

na
m

ic
s

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

D
at

a 
av

ai
la

bl
e

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Be
rg

m
an

13
7

11
5

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
of

 U
I

U
SI

M
ul

tic
ha

nn
el

 u
ro

dy
na

m
ic

s
Q

-t
ip

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.7
5

Sp
ec

ifi
ci

ty
 =

 0
.5

8

M
on

tz
13

8
10

0
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
U

SI
M

ul
tic

ha
nn

el
 u

ro
dy

na
m

ic
s

Q
-t

ip
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 0
.5

3
Sp

ec
ifi

ci
ty

 =
 0

.5
3

Ka
rr

am
19

1
63

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
of

 U
I 

U
SI

M
ul

tic
ha

nn
el

 u
ro

dy
na

m
ic

s
Q

-t
ip

D
iff

er
en

ce
 b

et
w

ee
n 

M
ea

n 
st

ra
in

in
g 

an
gl

e 
+

 c
on

tr
ol

s
di

ag
no

st
ic

 g
ro

up
s

sig
ni

fic
an

tly
 h

ig
he

r 
in

U
SI

 g
ro

up

W
al

te
rs

19
2

48
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I 
U

SI
M

ul
tic

ha
nn

el
 u

ro
dy

na
m

ic
s

Q
-t

ip
D

iff
er

en
ce

 b
et

w
ee

n 
M

ea
n 

st
ra

in
in

g 
an

gl
e 

+
 c

on
tr

ol
s

di
ag

no
st

ic
 g

ro
up

s
sig

ni
fic

an
tly

 h
ig

he
r 

in
U

SI
 g

ro
up

T
A

B
L
E

 2
4

Ph
ys

ic
al

 e
xa

m
in

at
io

n 
co

m
pa

re
d 

w
ith

 b
at

te
ry

 o
f t

es
ts

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

St
at

is
ti

ca
l t

es
ts

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Fi
sc

he
r-

21
2

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
U

SI
H

ist
or

y/
pe

lv
ic

 fl
oo

r 
Ph

ys
ic

al
 e

xa
m

in
at

io
n 

Fu
ll 

co
nt

in
ge

nc
y 

Se
ns

iti
vi

ty
 =

 0
.7

2
Ra

sm
us

se
n19

0
of

 U
I

ex
am

in
at

io
n/

cy
st

om
et

ry
/

(g
en

ita
l p

ro
la

ps
e)

ta
bl

e
Sp

ec
ifi

ci
ty

 =
 0

.4
6

st
re

ss
 t

es
t



Results

38 T
A

B
L
E

 2
7

Ba
tt

er
y 

of
 t

es
ts

 c
om

pa
re

d 
w

ith
 c

lin
ic

al
 h

ist
or

y

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

St
at

is
ti

ca
l t

es
ts

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Fi
sc

he
r 

21
2

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
U

SI
H

ist
or

y/
pe

lv
ic

 fl
oo

r 
H

ist
or

y
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 0
.5

2
Ra

sm
us

se
n19

0
of

 U
I

ex
am

in
at

io
n/

cy
st

om
et

ry
/

Sp
ec

ifi
ci

ty
 =

 0
.8

5
st

re
ss

 t
es

t

T
A

B
L
E

 2
8

Ba
tt

er
y 

of
 t

es
ts

 c
om

pa
re

d 
w

ith
 u

ro
dy

na
m

ic
s

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

D
at

a 
av

ai
la

bl
e

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Su
m

m
itt

19
6

90
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

U
SI

/D
O

/m
ix

ed
M

ul
tic

ha
nn

el
 

Q
-t

ip
/s

ym
pt

om
s/

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
U

SI
/M

ix
ed

: 
of

 U
I

ur
od

yn
am

ic
s

co
ug

h 
te

st
Se

ns
iti

vi
ty

 =
 0

.9
4

Sp
ec

ifi
ci

ty
 =

 0
.8

4
D

O
: 

Se
ns

iti
vi

ty
 =

 0
.7

1
Sp

ec
ifi

ci
ty

 =
 0

.9
6

G
rif

fit
hs

19
7

10
0

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
D

O
M

ul
tic

ha
nn

el
 

Pa
d/

hi
st

or
y

Se
ns

iti
vi

ty
Se

ns
iti

vi
ty

 =
 0

.8
8

of
 U

I
ur

od
yn

am
ic

s

T
A

B
L
E

 2
6

Al
go

rit
hm

 c
om

pa
re

d 
w

ith
 u

ro
dy

na
m

ic
s

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

D
at

a 
av

ai
la

bl
e

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

Re
sn

ic
k19

3
10

2
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

of
 U

I
U

SI
/D

O
M

ul
tic

ha
nn

el
 

A
lg

or
ith

m
 

Se
ns

iti
vi

ty
 a

nd
 s

pe
ci

fic
ity

U
SI

: 
ur

od
yn

am
ic

s
(R

A
P)

Se
ns

iti
vi

ty
 =

 0
.7

6
Sp

ec
ifi

ci
ty

 =
 0

.7
1

D
O

: 
Se

ns
iti

vi
ty

 =
 0

.7
6

Sp
ec

ifi
ci

ty
 =

 0
.9

7

Ea
st

w
oo

d19
4

65
F

Se
co

nd
ar

y
Re

fe
rr

ed
 fo

r 
U

SI
/D

O
/m

ix
ed

M
ul

tic
ha

nn
el

 
A

lg
or

ith
m

Re
tr

os
pe

ct
iv

e 
A

lg
or

ith
m

 w
ou

ld
 h

av
e 

ur
od

yn
am

ic
s

ur
od

yn
am

ic
s

co
m

pa
ris

on
 b

et
w

ee
n 

re
su

lte
d 

in
 c

or
re

ct
 

di
ag

no
st

ic
 p

at
hw

ay
s

tr
ea

tm
en

t 
in

 8
5%

 o
f c

as
es

H
ilt

on
19

5
10

0
F

Se
co

nd
ar

y
Re

fe
rr

ed
 fo

r 
U

SI
/D

O
/m

ix
ed

M
ul

tic
ha

nn
el

 
A

lg
or

ith
m

Re
tr

os
pe

ct
iv

e 
A

lg
or

ith
m

 w
ou

ld
 h

av
e 

ur
od

yn
am

ic
s

ur
od

yn
am

ic
s

co
m

pa
ris

on
 b

et
w

ee
n 

re
su

lte
d 

in
 c

or
re

ct
 

di
ag

no
st

ic
 p

at
hw

ay
s

tr
ea

tm
en

t 
in

 9
5%

 o
f c

as
es



Health Technology Assessment 2006; Vol. 10: No. 6

39

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

T
A

B
L
E

 2
9

Co
nd

uc
ta

nc
e 

m
ea

su
re

m
en

t 
co

m
pa

re
d 

w
ith

 u
ro

dy
na

m
ic

s

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

St
at

is
ti

ca
l t

es
ts

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

C
re

ig
ht

on
19

8
F

F
Se

co
nd

ar
y

Sy
m

pt
om

s 
U

SI
/m

ix
ed

M
ul

tic
ha

nn
el

 u
ro

dy
na

m
ic

s
D

U
EC

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 0

.6
4

of
 U

I
Sp

ec
ifi

ci
ty

 =
 0

.8
6

T
A

B
L
E

 3
0

U
ro

dy
na

m
ic

s 
co

m
pa

re
d 

w
ith

 u
ltr

as
ou

nd

R
ef

er
en

ce
n

G
en

de
r

C
ar

e 
se

tt
in

g
Po

pu
la

ti
on

Ty
pe

 o
f 

G
ol

d 
st

an
da

rd
In

de
x 

te
st

D
at

a 
av

ai
la

bl
e

M
ai

n 
fin

di
ng

s
in

co
nt

in
en

ce

D
ie

tz
13

9
37

F
Se

co
nd

ar
y

Re
fe

rr
ed

 fo
r 

U
SI

/D
O

/m
ix

ed
M

ul
tic

ha
nn

el
 

Tr
an

sla
bi

al
 u

ltr
as

ou
nd

 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 7
7%

ur
od

yn
am

ic
s

ur
od

yn
am

ic
s

(v
isi

bl
e 

le
ak

ag
e)

Sp
ec

ifi
ci

ty
 =

 7
5%

D
ie

tz
14

0
11

7
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

U
SI

/D
O

/m
ix

ed
M

ul
tic

ha
nn

el
 

Tr
an

sp
er

in
ea

l 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 8
3%

of
 U

I
ur

od
yn

am
ic

s
(o

pe
ni

ng
 o

f b
la

dd
er

 
Sp

ec
ifi

ci
ty

 =
 7

6%
ne

ck
 a

nd
 m

id
-u

re
th

ra
)

C
he

n98
10

2
F

Se
co

nd
ar

y
U

SI
 (p

os
iti

ve
 

U
SI

M
ul

tic
ha

nn
el

 
Pe

rin
ea

l (
ro

ta
tio

na
l 

Fu
ll 

co
nt

in
ge

nc
y 

ta
bl

e
Se

ns
iti

vi
ty

 =
 7

3%
ur

od
yn

am
ic

s)
ur

od
yn

am
ic

s
an

gl
e 

an
d 

BN
D

)
Sp

ec
ifi

ci
ty

 =
 7

7%
co

nt
in

en
t 

co
nt

ro
ls

K
iil

ho
lm

a10
2

38
F

Se
co

nd
ar

y
U

SI
 (p

os
iti

ve
 

U
SI

M
ul

tic
ha

nn
el

 
Pe

rin
ea

l (
BN

D
)

Se
ns

iti
vi

ty
Se

ns
iti

vi
ty

 =
 7

2%
ur

od
yn

am
ic

s)
ur

od
yn

am
ic

s

Be
rg

m
an

14
3

91
F

Se
co

nd
ar

y
Sy

m
pt

om
s 

U
SI

M
ul

tic
ha

nn
el

 
Tr

an
sr

ec
ta

l (
dr

op
 o

f t
he

 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 8
6%

of
 U

I 
ur

od
yn

am
ic

s
ur

et
hr

ov
es

ic
al

 ju
nc

tio
n)

Sp
ec

ifi
ci

ty
 =

 9
2%

Be
rg

m
an

14
4

32
F

Se
co

nd
ar

y
U

SI
 c

on
tr

ol
s

U
SI

M
ul

tic
ha

nn
el

 
Tr

an
sr

ec
ta

l (
dr

op
 o

f t
he

 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 9
4%

(D
O

 =
 c

on
tr

ol
)

ur
od

yn
am

ic
s

ur
et

hr
ov

es
ic

al
 ju

nc
tio

n)
Sp

ec
ifi

ci
ty

 =
 8

9%

D
ie

tz
14

1
52

F
Se

co
nd

ar
y

Re
fe

rr
ed

 fo
r 

U
SI

/D
O

M
ul

tic
ha

nn
el

 
Tr

an
sla

bi
al

 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 9
4%

ur
od

yn
am

ic
s

ur
od

yn
am

ic
s

(v
isi

bl
e 

le
ak

ag
e)

Sp
ec

ifi
ci

ty
 =

 9
3%

Q
ui

nn
14

2
12

4
F

Se
co

nd
ar

y
N

ot
 s

pe
ci

fie
d

U
SI

M
ul

tic
ha

nn
el

 
Va

gi
na

l (
op

en
in

g 
of

 
Fu

ll 
co

nt
in

ge
nc

y 
ta

bl
e

Se
ns

iti
vi

ty
 =

 9
6%

ur
od

yn
am

ic
s

bl
ad

de
r 

ne
ck

/p
ro

xi
m

al
 

Sp
ec

ifi
ci

ty
 =

 8
2%

ur
et

hr
al

 w
ith

 le
ak

ag
e 

du
rin

g 
co

ug
h)

Ko
lb

i19
9

32
F

Se
co

nd
ar

y
U

SI
U

SI
M

ul
tic

ha
nn

el
 

Pe
rin

ea
l 

D
iff

er
en

ce
 b

et
w

ee
n 

N
o 

sig
ni

fic
an

t 
ur

od
yn

am
ic

s
(u

re
th

ro
ve

sic
al

 a
ng

le
)

di
ag

no
st

ic
 m

et
ho

ds
di

ffe
re

nc
e



Three studies compared ultrasound (vaginal142

and transperineal98,140) with fluoroscopy during
videourodynamics. The imaging of bladder neck
descent (BND) and rotation of the proximal
urethra were recorded using both methods. Simple
funnelling or opening of the proximal urethra
during valsalva was taken to be the measure of USI.

Imaging techniques compared with
multichannel urodynamics
When imaging the lower urinary tract during
investigation of urinary incontinence two
anatomical features are commonly used:
observation of leakage from the bladder and
descent of the bladder neck. Two methods for
directly observing leakage from the bladder are
reported: X-ray imaging performed during
urodynamics (Table 31) and ultrasound (as
described in the previous section).

Four studies report the accuracy of observed
leakage using ultrasound for the diagnosis of USI
compared with multichannel urodynamics 
(Figure 7). The data from these studies were
combined to provide a pooled sensitivity of 0.89
(95% CI 0.84 to 0.93) and specificity of 0.82 (95%
CI 0.73 to 0.89). The positive likelihood ratio
associated with the pooled sensitivity and
specificity is 4.94 (95% CI 3.88 to 6.01), and the
AUC for the ROC curve corresponding to the
pooled DOR is 0.90 (95% CI 0.84 to 0.96) 
(Figure 7). Two studies used X-ray imaging for the
detection of leakage;145,146 when combined, these
studies provide a sensitivity of 0.60 (95% CI 0.52
to 0.68) and specificity of 0.74 (95% CI 0.68 to
0.81) for the diagnosis of USI compared with
multichannel urodynamics. The positive likelihood
ratio associated with the pooled sensitivity and
specificity is 2.31 (95% CI 1.62 to 3.00) (Figure 8). 

Three studies used ultrasound imagining of BND
during stress for the diagnosis of USI in women
compared with multichannel urodynamics.98,143,144

The data from these studies were combined to
provide a pooled sensitivity of 0.84 (95% CI 0.76
to 0.90) and specificity of 0.86 (95% CI 0.79 to
0.91). The positive likelihood ratio associated with
the pooled sensitivity and specificity is 6 (95% CI
4.72 to 7.28) and the AUC for the ROC curve
corresponding to the pooled DOR is 0.94 (95% CI
0.84 to 1.00) (Figure 9). 

Two studies used X-ray to image BND.147,148

The data from these studies resulted in a pooled
sensitivity of 0.79 (95% CI 0.67 to 0.88) and
specificity of 0.55 (95% CI 0.43 to 0.66). The
positive likelihood ratio associated with the pooled

sensitivity and specificity is 1.76 (95% CI 0.90 to
2.61) (Figure 10). 

Stress test compared with multichannel
urodynamics
Six studies were identified that compared the use
of a stress test with multichannel urodynamics
(Table 32). 

All of the studies included only female patients
and were performed in a secondary care setting.
One study included only nursing home residents,
meaning that their sample consisted entirely of
elderly women.156

Each of the six papers dealt with the diagnosis of
USI. In all cases a positive stress test was defined
as leakage occurring coinciding with cough or
valsalva.

Two papers used the supine stress test, one with
the bladder filled with 200 ml saline,149 the other
with an empty bladder.201 Two papers used a
standing stress test, both with a full bladder
(>200 ml).156,158

One paper performed the stress test in both the
supine and standing position with a full
bladder.150 One paper performed a cough stress
test with the patient sitting in the erect position;
however, the diagnosis was also dependent on the
result of single-channel urodynamics.17

The quality of reporting of the studies in this
group was high. All six papers presented full
contingency tables. One paper only provided data
for patients who were positive on multichannel
urodynamics; therefore, for this study only
sensitivity could be calculated.158

Based on advice from the clinical members of the
investigation team, data from three papers were
combined to provide a pooled sensitivity of 0.85
(95% CI 0.78 to 0.91) and specificity of 0.83 (95%
CI 0.74 to 0.90) for the diagnosis of USI in
women using the supine clinical stress test
compared with multichannel urodynamics 
(Figure 11). The positive likelihood ratio associated
with the pooled sensitivity and specificity is 5.00
(95% CI 3.79 to 6.21) and the AUC for the ROC
curve corresponding to the pooled DOR is 0.87
(95% CI 0.69 to 1.00). 

Single-channel cystometry compared
with multichannel urodynamics
Eight studies were identified that compared the
use of single-channel urodynamics with
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multichannel urodynamics (Table 33). Six of the
studies used only female patients,17,151–153,156,202

whereas two studies used both male and female
patients.154,155 All studies were conducted in a
secondary care setting. Three studies investigated
elderly populations (older than 70, 60 and 
65 years, respectively).154–156

Six studies were concerned only with the diagnosis
of DO151–155,202 and two studies with USI.17,156 The
criterion standard used in each of the eight studies
was standard multichannel urodynamics. In
addition, one study used videoimaging as part of
the multichannel urodynamic procedure.156

Full contingency tables were provided for all
papers, allowing pooling of data. One study used
only urodynamically confirmed patients and
therefore only sensitivity could be calculated.202

After clinical advice, data from two papers were
combined to provide a pooled sensitivity of 0.74
(95% CI 0.65 to 0.82) and specificity of 0.77 (95%
CI 0.66 to 0.86) for the diagnosis of DO in elderly
women using supine single-channel cystometry
(Figure 12). The positive likelihood ratio associated
with the pooled sensitivity and specificity is 12
(95% CI 10.58 to 13.42) and the AUC for the
ROC curve corresponding to the pooled DOR is
0.92 (95% CI 0.80 to 1.00). Data from the same
two papers were combined to provide a pooled
sensitivity of 0.89 (95% CI 0.76 to 0.96) and
specificity of 0.92 (95% CI 0.62 to 1.00) for the
diagnosis of DO in elderly men using supine
single-channel cystometry. The positive likelihood
ratio associated with the pooled sensitivity and
specificity is 18.2 (95% CI 12.62 to 23.78) 
(Figure 13). 

Data from three papers were combined to 
provide a pooled sensitivity of 0.63 (95% CI 0.55
to 0.71) and specificity of 0.88 (95% CI 0.84 to
0.92) for the diagnosis of DO in women using
standing single-channel cystometry (Figure 14). 

Ambulatory urodynamics compared
with multichannel urodynamics
Ambulatory urodynamic monitoring is the
monitoring of leakage, flow recordings and
pressure in the bladder and abdomen, with or
without pressure in the urethra, in an ambulatory
setting.113

Six studies compared the use of ambulatory
urodynamics with standard multichannel
urodynamics (Table 34). One paper was concerned
with the diagnosis of USI in women,157 one with

the diagnosis of BOO in males.203 The other four
were concerned with the diagnosis of DO: one in
female patients,110 one in male patients204 and two
in mixed populations.103,205

Owing to the variability in this group it is not
possible to combine the data from any of these
studies. The sensitivities and specificities
demonstrated by these studies are heterogeneous.
It is not possible, therefore, to draw any
conclusions about the efficacy of ambulatory
urodynamics.

There is an issue with ambulatory urodynamics, in
that it is thought by some experts to be more
sensitive than standard multichannel urodynamics
and should be the true gold standard for the
diagnosis of urinary incontinence. However, the
view of the ICS is that ambulatory urodynamics is
overly sensitive but not very specific in detecting
urinary leakage. Ambulatory urodynamics has not
been standardised by the ICS and therefore cannot
be recommended for routine clinical practice. The
International Consultation on Incontinence group
on urodynamics in 2002 concluded that further
study of the place and advantages of ambulatory
monitoring was necessary.9

Urethral pressure profile compared
with multichannel urodynamics
Five studies investigated the use of the urethral
pressure profile (UPP) for the diagnosis of USI
(Table 35). Each study included female patients
and was carried out in a secondary care setting. 

The data from two studies were combined to
provide a pooled sensitivity of 0.62 (95% CI 0.52
to 0.72) and specificity of 0.70 (95% CI 0.61 to
0.77) for the diagnosis of USI in women by UPP
in the sitting position (Figure 15).

Flow-rate acceleration compared with
multichannel urodynamics
One paper compared the use of flow-rate
acceleration for the diagnosis of DO with
multichannel urodynamics (Table 36). Forty female
patients with symptoms of urinary incontinence
were studied. Flow-rate acceleration was found to
be 0.75 sensitive and specific for the diagnosis 
of DO. 

Cystometry by foetal monitoring
compared with multichannel
urodynamics
Two studies investigated the accuracy of
cystometry using the intrauterine pressure channel
of a foetal monitor compared with multichannel
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urodynamics (Table 37). Both studies were
concerned with the diagnosis of DO in women in
secondary care. Because of the form in which the
data were presented in these studies and the
homogeneous nature, the results were combined
to provide a pooled sensitivity of 0.92 (95% CI
0.76 to 0.98) and specificity of 0.89 (95% CI 0.78
to 0.94). 

Ice-water test compared with
multichannel urodynamics
One paper studied the use of the ice-water test for
the diagnosis of detrusor overactivity, specifically
with regard to distinguishing this condition from
detrusor hyperflexia (Table 38). The ice-water test
was found to have a sensitivity of 0.85 and a
specificity of 0.65 when diagnosing DO. This study
was performed in a very specific population where
82% of the sample had a neurological disease;
therefore, the applicability of the results may be
restricted.

Fluid-bridge test compared with
standard cystometry
One study compared the use of the fluid-bridge
test for the diagnosis of USI in women compared

with standard cystometry (Table 39). A sensitivity
of 0.86 and specificity of 0.42 were demonstrated
when the test was performed in the supine
position, and 1.00 (sensitivity) and 0.24
(specificity) when in the erect position. The fact
that there is only one paper studying this test 
and that this was published in 1981 indicates 
that this is not a test of great relevance to
clinicians. 

Urethral closure pressure profile
compared with the clinical stress test
One paper studied the ability of a UPP to
diagnose USI in women compared with the
clinical stress test (Table 40). Measurement of UPP
was found to have a sensitivity of 0.93 and
specificity of 0.83; however, this test was not
compared with the recognised gold standard of
multichannel urodynamics.

Stop test compared with single-channel
cystometry 
One study compared the use of the stop test with
single-channel cystometry for the diagnosis of DO
in women (Table 41). This test was found to be
0.95 sensitive and 0.66 specific. 
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Introduction
Diagnostic techniques for urinary symptoms, like
the majority of healthcare interventions, have a
potential to consume healthcare resources. These
resources would otherwise be available for
alternative forms of healthcare. If the use of a
diagnostic test is to be justified then the benefits
received need to exceed the costs incurred in
carrying out this test. This study aimed to examine
the cost-effectiveness of diagnostic techniques for
urinary symptoms from a primary care
perspective, as this is where most clinical/nursing
assessments are undertaken. These tests are likely
to have resource implications, as there are costs,
such as primary care practitioner time, in carrying
them out. In addition, the results of these tests,
both positive and negative, are likely to have
consequences in terms of other care received.

The framework within which any primary care-
based diagnostic test would be used is outlined in
Figure 1. As can be seen from this diagram, there is
no simple relationship where individuals receive
diagnostic tests and actions are taken on the basis
of the results of these tests. Treatment and testing
are linked in this framework as individuals under
primary care management may receive treatment
from their primary care practitioner and may only
be referred to specialist assessment and care if
there is no improvement with primary treatment.
Ideally, an economic model in this framework
would consider all tests and treatments received as
a common part of the process of improving
health. All resources used would be costed and the
outcome measure would be health related, for
example quality-adjusted life-years (QALYs). This
would enable comparison with a wide range of
other healthcare situations. However, a number of
problems precluded this approach. These all
related to the availability of data and the original
remit of the project (which did not consider the
results of treatment, only of diagnostic tests). No
sufficiently reliable data were found to enable
evaluation of the effectiveness of all treatments
that could potentially be received by individuals
on a common framework. In addition, information
was not available on the QALY gains obtained
from successful treatment of urinary symptoms or
of the QALY changes due to changes in urinary

symptoms caused by successful treatment. One
possible solution would have been to use expert
opinion as to the QALY change caused by
successful treatment. However, it was felt this
would be unlikely to generate feasible values
because of the uncertainty involved. The expert
would need an opinion on the type of treatments
likely to be carried out in primary care. They
would then need to form an opinion of the
effectiveness of these treatments in reducing
symptoms and the QALY change caused by these
symptoms. The final level of uncertainty would be
that they are giving a proxy value of the QALY
change, that is, what they believe would be the
value that an individual would put on a change in
their urinary symptoms. Because of these factors it
was not felt that this approach would be
appropriate or credible. Finally, there were
insufficient data to estimate the proportions of
individuals who would have any particular test or
treatment and who would be referred to and from
primary care and GP/specialist care. For these
reasons this type of model was always considered
outside the scope of the current project. 

Therefore, a limited approach to the economic
evaluation was taken. A cost-effectiveness study was
conducted where the measure of effectiveness was
limited to how well the test detected any of the
underlying urinary conditions that an individual
may have. It was also assumed that positives from
these diagnostic techniques could then be referred
to secondary specialist assessment. By this means,
an attempt was made to isolate the diagnosis of
urinary conditions from the rest of the treatment
pathway. This enabled judgements to be made
about the accuracy and cost-effectiveness of
different diagnostic techniques in diagnosing
urinary conditions. 

Methods
Population groups considered
Although these tests can be used in the diagnosis
of USI and DO in men and women, the evidence
from the systematic review related to their use in
women. Therefore, the models constructed were
specific for women and not men. An inclusion
criterion for the review was adults only; in
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addition, studies were excluded if they studied a
purely elderly population.

Alternative diagnostic test strategies
Four alternative diagnostic test strategies on which
some data were available were considered. These
were history-taking, history and a 48-hour pad
test, history and validated scales, and history and
urinary diary. As all individuals were assumed to
have a history taken, the additional costs and
accuracy of the 48-hour pad test, validated scale
and urinary diary compared with history alone
were evaluated. Evidence from the systematic
review showed that history could be used to
diagnose both USI and DO. There was also
evidence that both a 48-hour pad test and
validated scales could be used to diagnose USI. As
there was no evidence on the effectiveness of these
tests in detecting DO, the assumption was made
that they would only be used to diagnose USI.
Similarly, there was evidence that a urinary diary
was useful for diagnosing DO, but no evidence
regarding its use for diagnosing USI. Therefore,
the urinary diary was only considered as a
diagnostic tool for DO. 

The economic model
The model of the cost-effectiveness of primary
care diagnostic tests is set in the context of
primary care management, where much of the
assessment, diagnosis and treatment of urinary
conditions is undertaken. The viewpoint of the
model is from the perspective of a healthcare
provider. The diagnostic strategies evaluated are
outlined in Figure 16. Diagnosis can be made by
the primary care practitioner using history only. In
addition to this, other diagnostic strategies are
available. These include any of the following: 48-
hour pad test, validated scales and urinary diary.
For each of these strategies the model has the
structure outlined in Figure 17. The individual has

a true condition, which is unknown by the primary
care practitioner who carries out the diagnostic
tests; in this model the condition may be USI, DO
or both (here referred to as mixed). In addition,
an individual may have neither of these
conditions. In all cases the model structure is the
same; only the probabilities of entering any
branch, and the payoffs at the end nodes will
change. Therefore, only the model structure if the
individuals true condition is USI is shown in 
Figure 17. Regardless of an individual’s true
condition, primary care tests can declare they have
USI, DO, mixed or no condition. If an individual
has any of these diagnoses they may then be
referred for a specialist secondary assessment. 

Parameters used in the model
Cost variables
The cost variables used are given in Table 42. In
addition to the mean values, the distribution
parameters assigned to each cost variable are
given; these represent the uncertainty involved in
estimation for each parameter. For cost variables
log-normal distributions were used as these only
return positive values. Furthermore, these
distributions are often used for cost data as they
have a skewed distribution; this reflects the fact
that cost data often have a positive skewed
distribution, with a small number of high cost
estimates giving distributions a long tail.214

Table 42 also provides details of the derivation of
each parameter. The cost of carrying out pad 
tests, validated scales and diaries included
consumables costs and any extra time required
from the practitioner. This information was
obtained from two experts in providing these
forms of nursing services. The experts were asked
to provide lists of all consumables required to
carry out tests. They were also asked for estimates
of any extra time that would be required to
perform tests. Cost estimates for the tests were
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then derived from these estimates; further
information is given in Table 42. All cost variables
are in UK pounds for 2002. For all strategies an
individual is assumed to have a nurse consultation
and the time taken to take a history and evaluate it
is included as part of the duration of this
consultation. 

Outcome variables
The aim was to compare how well primary care
tests performed in detecting the underlying
conditions causing urinary symptoms. The measure
of effectiveness was therefore the number of
individuals who had at least one of their conditions
successfully detected by a primary care test. The
outcomes considered are outlined in Table 43. 

Prevalence
The measure of the prevalence of urinary
conditions was taken from an investigation of the
relationship between symptoms reported in a

urinary questionnaire and urodynamic diagnosis
by Matharu and colleagues.13 In this study,
individuals who reported symptoms in a postal
questionnaire were invited to attend a randomised
clinical trial comparing a nurse-led continence
service with GP management. At the end of this
trial individuals who had not responded to
treatment were invited to attend urodynamics. The
individuals who had urodynamics were therefore
either the more severe cases or those whose
condition was least responsive to treatment. This
may mean that the numbers reported by Matharu
are not representative of the proportions of
individuals with each condition that would be
found in a primary care setting. However,
urodynamics would not be routinely used on this
type of population, so these data are unavailable.
As Matharu and colleagues considered individuals
who were appropriate for primary care treatment,
these were felt to be the best available data. The
following prevalences were reported: USI 0.336
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TABLE 42 Cost variables used in analysis (2002 UK pounds sterling)

Mean cost (SE) Distribution Derivation

Cost of validated scales 3.75 (0.34) Log normal Time taken from expert opinion. Cost of time taken
from midpoint of grade F salary scale with on-costsa.
Distribution taken from assumption that high and low
point of estimates given approximate to 95% CI

Cost of diary 3.75 (0.34) Log normal Time taken from expert opinion. Cost of time taken
from midpoint of grade F salary scale with on-costsa.
Distribution taken from assumption that high and low
point of estimates given approximate to 95% CI

Costs of nurse consultation 18.17 (0.09) Log normal Average length of time taken from a database
obtained from a locally conducted trial of a
continence nurse practitioner-led service.116 Nurse
pay was taken as midpoint of grade F a. Overhead
rate of 37% applied

Costs of pad test 4.06 (0.56) Log normal Time taken from expert opinion. Cost of time taken
from midpoint of grade F salary scale with on-costsa.
Distribution taken from assumption that high and low
point of estimates given approximate to 95% CI.
Cost of consumables obtained from local service
providers

Cost of first referral to 56.22 (6.89) Log normal Obtained from NHS reference cost215

urology department

Cost of urodynamics 125.10 (16.71) Log normal Obtained from NHS reference cost.215 This value
used for sensitivity analysis

a Costs of nursing time are increased to take into account face-to-face contact only. This involved calculating the proportion
of all time that involved face-to-face contact by means of nurse-completed diaries. This information was then used to
generate a multiplier and the average cost per minute for all nurse time was increased by this multiplier.

TABLE 43 Payoffs from diagnosis

Underlying condition Diagnosis from primary care tests (history and Outcome
any additional tests carried out)

USI UI 1
DO 0
Mixed 1
None 0

DO USI 0
DO 1
Mixed 1
None 0

Mixed USI 1
DO 1
Mixed 1
None 0

None USI 0
DO 0
Mixed 0
Nonea 0

a In the case of no condition, where the diagnosis of no condition is made, a payoff of zero is recorded even though the
correct diagnosis is made. This is because the measure of effectiveness is individuals with any condition correctly
diagnosed. An individual cannot have a condition correctly diagnosed if they have no condition to be diagnosed. 



(95% CI 0.294 to 0.378), DO 0.291 (95% CI 0.251
to 0.331), mixed 0.207 (95% CI 0.171 to 0.243)
and no condition in 0.166 (95% CI 0.133 to
0.199).13 Mean values were reported in Matharu13

and the confidence intervals were obtained from
one of the authors (Matthews R, University of
Leicester: personal communication, 2003). For
each sample the probability of these four
parameters had to add up to 1, as they were
mutually exclusive events, one of which always had
to occur. For this reason the four probabilities were
varied randomly around their means (using beta-
distributions as these distributions are bounded
between 0 and 1), but the sum of these four
variables was re-based always to equal 1. 

Effectiveness of primary care diagnostic
tests
The estimates of performance of primary care
tests in detecting USI and DO were obtained from
the current systematic review. These are detailed
in Table 44. Again, these variables were assumed to
have beta-distributions. Where two tests are used
together, for example history and pad test, the
results are assumed to be independent, that is, the
probability of 48-hour pad tests correctly
diagnosing an individual is unrelated to the
probability that history detected this condition.

Interpretation of test results
Where more than one test is used there may be
situations where different tests give contradictory
results. For example, history may declare an
individual positive for USI while an individual
tests negative using a 48-hour pad test. For these
situations a decision rule was needed as to the
results of the combination of the two tests. In this
analysis the assumption was that if either test was
positive then that individual was considered to
have tested positive for that condition. For

example, if an individual tested positive for USI
using one test but negative using another they
would still be considered positive for USI. If they
tested positive for USI using one test and positive
for DO on a different test they would be
considered as positive for mixed. 

Referral to specialist care
One important consequence of diagnostic tests in
primary care is likely to be referrals to specialist
secondary care assessment. The authors had no
access to data that indicated the proportions of
individuals in primary care services who would
have referrals after positive results from a primary
care test. Estimating these proportions by means
of expert opinion proved problematic, as referral
to specialist secondary assessment would depend
on individual characteristics in each case. Two
specialists in clinical care were asked their opinion
on the proportions referred to secondary care.
However, neither expert felt able to give referral
rates because they felt that this would be so
dependent on individual circumstances. There is a
further complication here as the ability for
primary care practitioners to refer individuals to
secondary care may be influenced by supply
constraints in secondary care, for example a
limited capacity to carry out urodynamics.
Therefore, what constitutes sufficient grounds to
refer may differ from one location to another
depending on local capacity. 

Because of these factors no data were available
that indicated the probability of an individual
being referred to specialist secondary assessment
given different primary care diagnostic test results.
For this reason analyses were carried out using two
extreme cases. In the first case none of the
individuals with a positive diagnosis for USI or
DO or both would be referred to specialist
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TABLE 44 Performance of primary care tests

Variable Mean value (95% CI) Distribution (� and � parameters) Derivation

Sensitivity of history for USI 0.92 (0.91 to 0.93) � (2600 and 226) Systematic review 

Specificity of history for USI 0.56 (0.53 to 0.60) � (432 and 340) Systematic review 

Sensitivity of history for DO 0.61 (0.57 to 0.65) � (348 and 222) Systematic review 

Specificity of history for DO 0.87 (0.85 to 0.89) � (944 and 141) Systematic review 

Sensitivity of pad test for USI 0.92 (0.82 to 0.97) � (45.3 and 3.9) Systematic review 

Specificity of pad test for USI 0.72 (0.57 to 0.83) � (32.3 and 12.6) Systematic review 

Sensitivity of diary for DO 0.88 (0.71 to 0.96) � (22.0 and 3.0) Systematic review 

Specificity of diary for DO 0.83 (0.77 to 0.87) � (179.1 and 36.7) Systematic review 

Sensitivity of scales for USI 0.87 (0.82 to 0.92) � (150 and 22.5) Systematic review 

Specificity of scales for USI 0.6 (0.51 to 0.69) � (68 and 45.1) Systematic review 



secondary assessment; in the second case all
individuals with a positive diagnosis for any of these
conditions would be referred. A midpoint analysis
was also evaluated; in this case 50% of all positive
diagnoses would be referred to specialist secondary
assessment. It was assumed that individuals who
tested negative on all tests used would not be
referred to specialist secondary assessment.

Model evaluation
The primary analysis was carried out using second
order Monte Carlo simulation. This approach
assigns a distribution to model parameters.
Random values from those distributions are taken
for each sample of the Monte Carlo simulation
and a cost-effectiveness result is generated based
on these values. The model was evaluated using
10,000 samples for each simulation. The model was
constructed and evaluated using Microsoft Excel.
This probabilistic analysis allowed confidence
intervals around costs and effects to be generated.
As history should be taken in all cases the research
question was the additional costs and effects of
further tests in addition to history. Therefore, an
incremental analysis was calculated. This gives the
extra costs generated by strategies involving
additional tests compared with the costs of history-
taking alone. The extra proportion of individuals
who have any of their conditions correctly
diagnosed was also calculated. Finally, the extra
costs were calculated per extra individual with any
condition correctly diagnosed for strategies
involving history and another test compared with
history alone. The results of these analyses are
presented in cost-effectiveness acceptability curves
that track the changing percentage of samples that
are cost-effective given different values for
detecting cases of urinary disorder. 

Probabilistic sensitivity analysis
In addition to the above analysis, an additional
probabilistic analysis was performed where it was
assumed that individuals who were referred to
specialist secondary assessment would also receive
urodynamics. This would have two effects. First, it
would increase the costs associated with individual
diagnoses; and second, referral to urodynamics
would also result in more cases being correctly
diagnosed, because urodynamics is assumed to be
a reference standard. It was therefore assumed
that any individual referred to urodynamics, even
on the basis of an incorrect diagnosis in primary
care, would then be correctly diagnosed.

Deterministic sensitivity analysis
In addition to the probabilistic sensitivity analysis,
a series of analyses are presented that involve

single parameters being varied through a range of
values to estimate the effect that different
parameters have on the results of the model.
These analyses are evaluated deterministically, that
is, only mean values are used to parameterise the
model. These will be referred to here as one-way
sensitivity analyses. 

Results
The probability of individuals being detected as
having each diagnosis and their underlying
condition is given in Tables 45–48. As can be seen
from Table 45, history accurately detects USI, with
80% of individuals correctly diagnosed as having
USI. It performs much less effectively in detecting
DO and in identifying individuals who are mixed
compared with USI. History also diagnoses
correctly only about 50% of individuals who have
no condition. It can be seen from Tables 46 and 48
that history, in combination with pad tests or
validated scales, performs better than history
alone in terms of diagnosing USI; less than 1% of
individuals with USI are diagnosed as having DO
or no condition. However, because there are two
tests working in combination fewer individuals
with no condition are now diagnosed as such. The
performance of diary in addition to history can be
seen in Table 47. This performs less well in terms
of USI diagnosed. However, it performs much
better in diagnosing DO, with 95% of individuals
diagnosed as either DO or mixed. Again, fewer
individuals with no condition are diagnosed as
such. In general, using additional tests generates
more positive and less negative results (using a
decision rule of a positive from any test being
taken as a positive diagnosis).

As stated earlier, the outcome used in this analysis
was cost per individual who has at least one
condition correctly diagnosed. The costs and units
of effectiveness from the probabilistic model are
given in Table 49. In all cases the values given are
incremental compared with history, that is, they
are the extra costs and extra units of effectiveness
generated by carrying out history and an
additional test when compared with history alone.
The results are presented in this way as it was
assumed that history would always be performed.
Table 49 gives the result of the two extreme
analyses where 0% and 100% of individuals who
have a positive diagnosis are referred to secondary
specialist assessment. Table 49 also presents a
midpoint analysis where 50% of all individuals
declared positive are referred to specialist
secondary assessment. Table 49 shows that all costs
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TABLE 45 Results of history

Condition and diagnosis Total for all individuals Mean value as a 
(95% percentile) percentage of the total

for each condition

Individual has USI, history declares USI 0.269 (0.24 to 0.298) 80.0%
Individual has USI, history declares DO 0.003 (0.003 to 0.004) 1.0%
Individual has USI, history declares mixed 0.04 (0.033 to 0.048) 12.0%
Individual has USI, history declares no condition 0.023 (0.02 to 0.027) 7.0%
Total USI 0.336 (0.301 to 0.371) 100.0%

Individual has DO, history declares USI 0.05 (0.042 to 0.059) 17.2%
Individual has DO, history declares DO 0.099 (0.085 to 0.115) 34.2%
Individual has DO, history declares mixed 0.078 (0.066 to 0.091) 26.8%
Individual has DO, history declares no condition 0.064 (0.053 to 0.075) 21.8%
Total DO 0.291 (0.257 to 0.325) 100.0%

Individual has mixed, history declares USI 0.074 (0.061 to 0.089) 35.9%
Individual has mixed, history declares DO 0.01 (0.008 to 0.012) 4.9%
Individual has mixed, history declares mixed 0.116 (0.097 to 0.137) 56.1%
Individual has mixed, history declares no condition 0.006 (0.005 to 0.008) 3.1%
Total mixed 0.207 (0.175 to 0.240) 100.0%

Individual has no condition, history declares USI 0.064 (0.052 to 0.077) 38.3%
Individual has no condition, history declares DO 0.012 (0.009 to 0.015) 7.3%
Individual has no condition, history declares mixed 0.009 (0.007 to 0.012) 5.7%
Individual has no condition, history declares no condition 0.081 (0.066 to 0.097) 48.7%
Total for no condition 0.166 (0.137 to 0.197) 100.0%

TABLE 46 Results of history and pad test

Condition and diagnosis Total for all individuals Mean value as a 
(95% percentile) percentage of the total 

for each condition

Individual has USI, combination of tests declares USI 0.290 (0.26 to 0.322) 86.4%
Individual has USI, combination of tests declares DO 0.0003 (0.0001 to 0.0006) 0.1%
Individual has USI, combination of tests declares mixed 0.043 (0.036 to 0.052) 12.9%
Individual has USI, combination of tests declares no condition 0.002 (0.001 to 0.004) 0.6%
Total USI 0.336 (0.301 to 0.371) 100.0%

Individual has DO, combination of tests declares USI 0.068 (0.055 to 0.082) 23.3%
Individual has DO, combination of tests declares DO 0.072 (0.055 to 0.089) 24.6%
Individual has DO, combination of tests declares mixed 0.106 (0.088 to 0.127) 36.4%
Individual has DO, combination of tests declares no condition 0.046 (0.035 to 0.058) 15.7%
Total DO 0.291 (0.257 to 0.325) 100.0%

Individual has mixed, combination of tests declares USI 0.080 (0.066 to 0.096) 38.8%
Individual has mixed, combination of tests declares DO 0.001 (0.000 to 0.002) 0.4%
Individual has mixed, combination of tests declares mixed 0.125 (0.105 to 0.147) 60.6%
Individual has mixed, combination of tests declares no condition 0.0005 (0.0001 to 0.0011) 0.2%
Total mixed 0.207 (0.175 to 0.240) 100.0%

Individual has no condition, combination of tests declares USI 0.086 (0.068 to 0.107) 51.9%
Individual has no condition, combination of tests declares DO 0.009 (0.006 to 0.012) 5.2%
Individual has no condition, combination of tests declares mixed 0.013 (0.010 to 0.017) 7.8%
Individual has no condition, combination of tests declares 0.058 (0.043 to 0.074) 35.1%

no condition
Total for no condition 0.166 (0.137 to 0.197) 100.0%
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TABLE 47 Results of history and diary

Condition and diagnosis Total for all individuals Mean value as a 
(95% percentile) percentage of the total

for each condition

Individual has USI, combination of tests declares USI 0.223 (0.197 to 0.251) 66.4%
Individual has USI, combination of tests declares DO 0.007 (0.006 to 0.009) 2.2%
Individual has USI, combination of tests declares mixed 0.086 (0.07 to 0.104) 25.6%
Individual has USI, combination of tests declares no condition 0.019 (0.016 to 0.023) 5.8%
Total USI 0.336 (0.301 to 0.371) 100.0%

Individual has DO, combination of tests declares USI 0.006 (0.001 to 0.013) 2.1%
Individual has DO, combination of tests declares DO 0.155 (0.133 to 0.179) 53.4%
Individual has DO, combination of tests declares mixed 0.122 (0.104 to 0.141) 41.9%
Individual has DO, combination of tests declares no condition 0.008 (0.002 to 0.017) 2.6%
Total DO 0.291 (0.257 to 0.325) 100.0%

Individual has mixed, combination of tests declares USI 0.009 (0.002 to 0.020) 4.3%
Individual has mixed, combination of tests declares DO 0.016 (0.013 to 0.019) 7.6%
Individual has mixed, combination of tests declares mixed 0.182 (0.153 to 0.212) 87.7%
Individual has mixed, combination of tests declares no condition 0.001 (0.000 to 0.002) 0.4%
Total mixed 0.207 (0.175 to 0.240) 100.0%

Individual has no condition, combination of tests declares USI 0.053 (0.042 to 0.064) 31.8%
Individual has no condition, combination of tests declares DO 0.026 (0.020 to 0.033) 15.6%
Individual has no condition, combination of tests declares mixed 0.020 (0.015 to 0.026) 12.2%
Individual has no condition, combination of tests declares 0.067 (0.054 to 0.081) 40.4%

no condition
Total for no condition 0.166 (0.137 to 0.197) 100.0%

TABLE 48 Results of history and validated scales

Condition and diagnosis Total for all individuals Mean value as a 
(95% percentile) percentage of the total

for each condition

Individual has USI, combination of tests declares USI 0.289 (0.259 to 0.32) 86.1%
Individual has USI, combination of tests declares DO 0.0005 (0.0003 to 0.0007) 0.1%
Individual has USI, combination of tests declares mixed 0.043 (0.036 to 0.052) 12.9%
Individual has USI, combination of tests declares no condition 0.003 (0.002 to 0.004) 0.9%
Total USI 0.336 (0.301 to 0.371) 100.0%

Individual has DO, combination of tests declares USI 0.075 (0.063 to 0.089) 25.9%
Individual has DO, combination of tests declares DO 0.060 (0.048 to 0.073) 20.5%
Individual has DO, combination of tests declares mixed 0.118 (0.100 to 0.137) 40.5%
Individual has DO, combination of tests declares no condition 0.038 (0.030 to 0.047) 13.1%
Total DO 0.291 (0.257 to 0.325) 100.0%

Individual has mixed, combination of tests declares USI 0.080 (0.066 to 0.095) 38.6%
Individual has mixed, combination of tests declares DO 0.0013 (0.0008 to 0.0019) 0.6%
Individual has mixed, combination of tests declares mixed 0.125 (0.105 to 0.147) 60.4%
Individual has mixed, combination of tests declares no condition 0.0008 (0.0005 to 0.0013) 0.4%
Total mixed 0.207 (0.175 to 0.240) 100.0%

Individual has no condition, combination of tests declares USI 0.096 (0.078 to 0.116) 57.8%
Individual has no condition, combination of tests declares DO 0.007 (0.005 to 0.009) 4.4%
Individual has no condition, combination of tests declares mixed 0.014 (0.011 to 0.018) 8.6%
Individual has no condition, combination of tests declares 0.049 (0.038 to 0.061) 29.2%

no condition
Total for no condition 0.167 (0.137 to 0.197) 100.0%



are positive since all strategies that involve an
additional diagnostic test involve greater cost than
history alone. They are also more effective than
history alone in detecting cases. The incremental
cost-effectiveness shows the additional costs
incurred per additional case detected. The
incremental cost-effectiveness ratio indicates
differences between the tests. The additional cost
per extra case detected was generally highest for
scales, varying between £129 and £290. Next
highest was the pad test, which varied from £129
to £255. Diary had the most favourable cost-
effectiveness ratios, varying between £35 and £77
per extra unit of effectiveness. 

These results are also presented in Figure 18 as a
cost-effectiveness acceptability curve. Shown here
are the curves for the two extreme cases, 0%
referred and 100% referred. These curves show
the probability that each strategy is cost-effective,
given different values placed on a case detected.
The higher the value of a case detected, the more
likely it is that a strategy detecting additional cases
will be considered worthwhile. The curves are
incremental; history alone is compared to the
other three strategies and each of these strategies
is compared to history. For very low values given to
a case detected, history alone is the preferred
strategy as it has the lowest cost. However, as the
value given to a case detected rises so does the
probability that any of the other strategies are
cost-effective. Increasing the proportion referred
increases the value of a case detected that is

needed for the joint test strategies to be preferred
to history alone. 

Probabilistic sensitivity analysis
Table 50 and Figure 19 show the results of a
probabilistic model where individuals are referred
for urodynamics as well as specialist secondary
assessment. It can be seen from Table 50 that
referral to urodynamics dramatically increases the
incremental cost per individual with any condition
diagnosed compared with history alone. This is
because more individuals are being referred in the
joint test strategies and referral is more expensive
because it includes urodynamics. However,
including urodynamics also increases the number
of individuals with any condition diagnosed, as
urodynamics is effective in detecting cases.
Although there are extra cases detected, the
incremental costs per additional unit of effect
increase as there are large additional costs (the
urodynamic referral) but only small extra 
numbers of individuals with any condition
diagnosed. For example, with 100% referral, diary
in addition to history costs an extra £275 per
person with any condition diagnosed, compared
with history alone. 

One-way sensitivity analysis
Table 51 presents a series of one-way sensitivity
analyses that were carried out on a deterministic
model. The sensitivity analysis was carried out on
a model where 50% of individuals were referred to
specialist secondary assessment. In all cases the
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TABLE 49 Results of cost-effectiveness analyses (probabilistic values)

Referral to specialist Incremental costs Incremental Incremental 
secondary assessment (95% percentile) effectiveness cost-effectiveness

(£) (95% percentile) (£)

0% Referred Pad test 4.06 0.0307 132
(3.07 to 5.25) (0.0255 to 0.0361)

Diary 3.75 0.1057 35
(3.12 to 4.46) (0.0830 to 0.1276)

Scale 3.74 0.0290 129
(3.14 to 4.45) (0.0246 to 0.0339)

50% Referred Pad test 5.97 0.0307 195
(4.44 to 8.09) (0.0256 to 0.0361)

Diary 5.98 0.1055 57
(4.64 to 8.58) (0.0782 to 0.1640)

Scale 6.09 0.0290 210
(4.64 to 8.32) (0.0246 to 0.0337)

100% Referred Pad test 7.82 0.0307 255
(5.43 to 11.48) (0.0255 to 0.036)

Diary 8.16 0.1054 77
(5.67 to 12.06) (0.0837 to 0.1266)

Scale 8.42 0.029 290
(5.81 to 12.63) (0.0245 to 0.0339)



values given are the incremental cost per extra
unit of effect generated compared with history
alone. In the first part of Table 51 the proportion
of individuals who had no condition was varied
from 0 to 1. The more individuals have USI, DO
or mixed, the lower the cost-effectiveness ratios. 
If 80% of the sample have no condition the cost-
effectiveness ratios for pad tests and scales are
approximately £1000 per unit of effect. In the
second part of Table 51 the performance of the
various tests is varied between the upper and
lower points of their 95% confidence intervals. Of
particular importance is the sensitivity of history

for USI, as the higher the sensitivity of history, the
fewer cases remain for additional tests to detect.
Also given are the effects of varying the sensitivity
and specificity of pad test, diary and scales. As
expected, as sensitivity and specificity increase, the
cost-effectiveness ratios become more favourable.
The final part of Table 51 shows the effect of
varying cost estimates. As the cost of carrying out
tests and referrals increases so does the
incremental cost-effectiveness ratio. However, the
model seems less sensitive within the range of the
confidence intervals for costs than for other
variables such as sensitivity and specificity. 

Economic modelling
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TABLE 50 Results of model with positives referred to specialist secondary assessment and urodynamics

Referral to specialist Incremental costs Incremental Incremental 
secondary assessment (95% percentile) effectiveness cost-effectiveness

(£) (95% percentile) (£)

50% Referred Pad test 10.23 0.038 269
(6.99 to 15.16) (0.0317 to 0.0448)

Diary 10.93 0.0855 128
(7.55 to 16.15) (0.0682 to 0.1023)

Scale 11.34 0.0402 282
(7.84 to 16.83) (0.0350 to 0.0459)

100% Referred Pad test 16.28 0.0452 360
(10.27 to 25.94) (0.0359 to 0.0556)

Diary 18.05 0.0655 275
(11.47 to 28.54) (0.0522 to 0.0785)

Scale 18.84 0.0513 367
(11.90 to 29.71) (0.0436 to 0.0597)

The case where referral is 0% is not shown as this is equivalent to values for 0% in Table 49.
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TABLE 51 One-way sensitivity analyses on the probabilities used in the model

Probability (0 to 1) 0 0.2 0.4 0.6 0.8 1

Proportion of individuals who have Pad test 152 205 295 474 1010 NA
no condition (base case 0.166) Diary 47 59 79 119 239 NA

Scales 157 224 334 555 1218 NA

Probability (range of 95% CI) Lower 95% CI Upper 95% CI

Sensitivity of history for USI Pad test 176 219
Diary 57 57
Scales 190 237

Specificity of history for USI Pad test 193 197
Diary 56 58
Scales 207 214

Sensitivity of history for DO Pad test 193 196
Diary 53 61
Scales 209 211

Specificity of history for DO Pad test 194 195
Diary 56 57
Scales 209 211

Sensitivity of pad test for USI Pad test 215 186
Specificity of pad test for USI Pad test 214 180
Sensitivity of diary test Diary 66 53
Specificity of diary test for USI Diary 58 55
Sensitivity of scales Scales 222 200
Specificity of scales Scales 223 198

Cost variables Lower 95% CI Upper 95% CI

Pad test cost Pad test 159 230
Diary cost Diary 50 63
Scales cost Scales 187 233

NA, not applicable.



This is the first systematic review of methods for
diagnosing urinary incontinence, meta-

analysing the data, where possible, from different
studies to generate conclusions about the
diagnostic performance of commonly used
diagnostic methods in both primary and
secondary care. The objectives of the review were
to identify, appraise and summarise the published
evidence, quantitatively synthesise the extracted
evidence (where possible) and construct an
economic model to examine the cost-effectiveness
of simple, commonly used primary care tests. 

Appraisal of the systematic review
Research methodology
Search strategy
A systematic literature search was undertaken
using three databases. There was an overlap
between the databases, particularly MEDLINE and
EMBASE: 45% of the studies identified by
EMBASE were also identified by MEDLINE.
CINAHL contributed the lowest papers to the
review (seven). The search strategy was based on
the Cochrane and NHS CRD strategies for
identifying studies of diagnostic performance,
which is well validated. It is important, for
consistency and accuracy, for systematic reviews of
diagnostic methods to use these strategies. 

Keywords were added to the generic search
strategies for identifying diagnostic studies to
identify all possible tests used for the diagnosis of
urinary incontinence, including terms for
potential permutations of their names. However, it
is possible that relevant studies may have been
missed that use unusual or obscure diagnostic
tests. 

The development of online bibliographic
databases in recent years means that
handsearching of journals has become less
important.216 As urinary incontinence and
diagnostic performance are well-established
medical subheadings it was felt that using a
detailed search strategy would identify a high
proportion of relevant studies and that
handsearching would not identify a significant
number of additional studies. 

A large number of papers was identified from the
search (6009), of which 121 were deemed relevant
for inclusion in the review. All papers compared
two or more assessment/diagnostic techniques. A
two-stage exclusion process was applied and
decisions on relevance were checked in a random
selection of 20% of cases; it is acknowledged that
some papers of relevance may have been excluded
unintentionally. There was diversity across the
papers in diagnostic methods studied,
methodology, analysis of the data and quality of
reporting. 

Inclusion/exclusion criteria
The extent to which the questions within a
systematic review can be answered depends on the
nature and quality of primary studies available.
The inclusion criteria in this study were broad:
studies that presented any quantitative comparison
between two or more methods of assessing urinary
incontinence. The study excluded case reports,
letters, non-primary research and research
involving only children. All studies presented in a
non-English language were also excluded, as time
and financial constraints did not allow for the
translation of such papers. However, it is possible
that this may have excluded important
studies.217,218

Assessment of relevance
A critical part of classifying the papers included in
the systematic review was to determine what tests
were compared. The development of the cross-
tabulation table enabled this to be clearly recorded
and all similar studies to be grouped together,
aiding the quality assessment and data extraction
processes. 

Quality assessment
It is important to assess the quality of studies
included in any systematic review in terms of
internal validity, external validity, and the quality
of data analysis and reporting. The QUADAS
tool13,219 that was devised for this purpose is an
important development. However, the relatively
low levels of agreement between the investigators
assessing the same papers using the tool suggest
that it has limitations and that additional
instructions need to be added according to the
topic area of the individual review.
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The most significant problem associated with
study quality was in the reporting of results, with
only a small proportion of relevant studies
presenting data in a way that allowed inclusion in
a meta-analysis. It was noticed that the quality of
reporting was significantly higher in the more
recent studies, indicating that standards are
improving and this will be furthered by
developments such as the Standards for Reporting
of Diagnostic Accuracy (STARD) initiative.220

Data extraction
This is a potential source of error in any
systematic review. The method of extracting data
within a meeting of at least two study investigators
was designed to minimise this, as studies could be
discussed at length, reducing the chance of data
being missed or incorrectly interpreted. A
predefined form was used to record all relevant
data during the data extraction process. 

Data synthesis
The number of studies suitable for data synthesis
was small. Another major problem was that studies
that appeared to be comparing the same
diagnostic tests were in fact comparing very
different variations of the same test. For example,
within pad tests, there were three different types: 
1 hour, 24 hour and 48 hour. Both the paucity of
evidence and the heterogeneous reporting of
those studies that were identified severely limited
the ability to undertake meaningful meta-analyses. 

In addition, the heterogeneous nature of the
studies identified, in terms of the precise
diagnostic methods used or the patient population
to which they were applied, meant that those
meta-analyses that could be performed only
included a small number of studies. 

Specific methodological issues that were identified
during the systematic review included the issue of
indirect comparisons, classification of patients into
more than two diagnostic categories, e.g. USI, DO
or mixed, and the reporting of both raw data in
terms of an ROC curve/table and summary data,
for example a single estimate of sensitivity and
specificity. This parallels the situation found in
other areas in which some studies report individual
patient, while others report only summary data.221

Economic modelling
It was assumed that it would always be good
practice to take a history. The relevant question is,
therefore, is it worth carrying out other tests in
primary care in addition to taking a history?
Therefore the extra costs and numbers of

individuals with any condition diagnosed
compared with history alone were examined. On
this basis, the urinary diary performs well as it
generates extra cases detected for the lowest extra
cost. This is because the diary has been taken as a
test for DO and the sensitivity of history for
detecting DO is much lower than for detecting
USI. In other words, far more cases of DO are not
detected by history and therefore there is more
scope for an additional test to detect additional
‘missing’ cases. However, a number of things
should be considered when evaluating these
results. It is important to consider that these tests
are only evaluated in terms of their ability to
diagnose urinary conditions and do not consider
any other benefits that the information they
generate have in treating individuals, for example
if considerations of severity of leakage had an
impact on the likelihood of receiving surgery. It
should also be noted that the unit of effectiveness
considers the value of a case of DO, USI and
mixed found to be of equal importance. If it was
considered more important to diagnose USI than
DO then the relative values of tests for DO and
tests for USI may change. Finally, the measures of
the performance of these tests are generally based
on single studies, so there is likely to be
considerable uncertainty over the values of these
estimates. 

The estimates of prevalence used in the model
come from urodynamics carried out on a group of
individuals referred from a primary care setting.
These are likely to be the more serious or
intractable cases. The prevalence of these
conditions in the more general group, who
present to primary care, may be lower. Sensitivity
analysis shows that the cost-effectiveness of these
tests is sensitive to the prevalence; the likely
occurrence of these conditions is therefore an
important consideration in their implementation. 

It is clear from this analysis that the decisions
taken after the use of these tests have implications
for their cost-effectiveness. There is likely to be
wide variation in referral patterns among primary
care practitioners. It is important to consider that
in this simple model the analysis ends at
secondary care referral, when in reality there may
be a series of secondary care services received, and
benefits obtained, from these services. 

An important consideration in the interpretation
of this work is the value placed on an individual
with any condition detected. It is clear from the
cost-effectiveness acceptability curves (Figures 18
and 19) that as the values of this outcome change,
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then so do the conclusions for optimum
management. If detecting an individual’s
condition is not highly valued then strategies
where only history and no further tests are carried
out would be the optimum ones. As the value
placed on this outcome increases then strategies
that involve extra costs but generate extra benefits
will be optimum. The value of detecting an
individual’s urinary condition would depend on a
number of factors not explicitly tested here. This
would be expected to include the burden of a
condition on an individual, and the cost and
effectiveness of available treatments and therapies.

Implications of the findings
The literature dealing with the diagnosis of
urinary incontinence is highly fragmented. Within
primary care there are so many types of each test
that it is almost impossible to find two studies that
compare the same tests. There is no real
agreement among clinical experts on what the
‘gold standard’ is for diagnosing urinary
incontinence, whether it is urodynamics and, if so,
what methods should be used. This review used
the ICS-defined criterion that multichannel
urodynamics is the gold standard test for
diagnosing USI or DO. Owing to the large
number of comparisons between a lot of different
diagnostic tests, only the areas of high clinical
interest will be discussed; namely, the most
popular, simple and advanced investigations
compared with multichannel urodynamics. Within
each group there is a lack of literature dealing
with the diagnosis of urinary incontinence or BOO
in men, and for this reason the discussion of
results will concentrate on diagnosis in women. 

It is critical to make a distinction between tests
and assessment methods that can be undertaken
in primary care and those that can only be
undertaken in secondary care. The majority of
diagnostic and assessment processes can be
undertaken in primary care and comprise clinical
history-taking, the use of scales, physical
examination, and simple tests such as diaries and
pad tests. These tests are simple, are low in cost
and carry low risks. The results of assessments and
tests are used to identify a presumed diagnosis on
which an appropriate management/treatment plan
can be instigated. 

Clinical history
The recording of a clinical history is critical in
determining a symptomatic diagnosis in primary
care. A large number of studies comparing the use

of clinical history and urodynamics in female
patients was identified. Pooled sensitivity and
specificity values for diagnosis of USI in women
suggest that a clinical history is highly sensitive
(0.92, 95% CI 0.91 to 0.93), but less specific (0.56,
95% CI 0.53 to 0.60) in diagnosing USI. These
findings suggest that a large proportion of women
with USI can be correctly diagnosed in primary
care and that initiating low-risk, low-cost
behavioural treatment at this stage may be
appropriate. The lower specificity suggests that
women without USI may be incorrectly diagnosed;
however, behavioural therapy should not have any
detrimental effects and may result in some
alleviation of symptoms. 

With regard to the diagnosis of DO by clinical
history-taking, sensitivity was found to be lower
than for USI (0.61, 95% CI 0.57 to 0.65), but
specificity was found to be high (0.87, 95% CI 0.85
to 0.89). This indicates that history-taking may
correctly exclude those women who do not have
DO, but that further investigations may be
required for those who present with DO symptoms
to confirm their status before any treatment is
initiated. The next stage for those whose history
suggests DO may be a further simple, non-invasive
test, such as a urinary diary.

Simple investigations
Validated scales
The studies in this group highlight the fragmented
nature of the overall literature. Seven different
scales are compared and there is currently no
consensus on the most effective scales to use in
clinical practice. The most commonly researched
scale was the UDI. Combining data from two
studies resulted in a sensitivity of 0.87 (95% CI
0.82 to 0.92) and specificity of 0.60 (95% CI 0.51
to 0.69) for the diagnosis of USI in women based
on one question from the UDI. The diagnostic
value of this scale is comparable to taking just a
clinical history, indicating that this scale may not
add anything to the diagnostic procedure. 

Little evidence was found on scales that seek to
diagnose DO. One study reported the Gaudenz
incontinence questionnaire to be 0.45 sensitive
and 0.56 specific, less accurate than clinical
history-taking. 

There needs to be consensus about the most
appropriate scale for the diagnosis of urinary
incontinence. Efforts should be concentrated on
developing and amending one or two scales,
rather than continually developing new scales,
unless based on specific clinical need. 
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Pad tests
Because of the many different pad tests used to
investigate urinary incontinence it is difficult to
draw any firm conclusions about diagnostic
accuracy. The majority of literature in this area was
concerned with the diagnosis of USI. Although
high sensitivity and specificity values were
reported in some studies, there were insufficient
studies that compared the same pad tests and
presented the data appropriately, and therefore no
formal pooling of data could be carried out. 

Urinary diary
A number of different urinary diaries was studied.
Four studies compared a urinary diary with
urodynamics and each study used a different type
of diary. The only study to present data in a
format that allowed sensitivity and specificity to be
calculated reported values of 0.88 (95% CI 0.71 to
0.96) and 0.83 (95% CI 0.77 to 0.87), respectively.
This indicates that this type, an index derived
from various variables of a urinary diary, may be
effective for the diagnosis of DO. The economic
modelling suggests that the urinary diary
performs well in combination with a clinical
history for the diagnosis of DO. As the review has
shown a clinical history to have a relatively low
sensitivity for diagnosing DO (0.56) there is more
scope for an additional test to detect additional
cases. These conclusions should be treated with
some caution as they were drawn from the results
of a single study.

A recent symposium at the International
Continence Society 2003 Annual Conference
found that 59% of clinicians prefer to use a
urinary diary for the initial evaluation of patients,
suggesting that this is the non-invasive test of
choice.222 This opinion contrasts with the amount
of literature available on the urinary diary. 

Other simple investigations
A small number of studies investigated the
diagnosis of urinary incontinence by an algorithm
method or a battery of tests. This appears to be a
sensible approach, particularly in primary care,
and arguably the most similar to real-life clinical
practice. Although the number of studies in these
groups was small and pooling of the data was not
possible, the agreement between the results of
these tests and multichannel urodynamics indicates
that future research may be of significant interest. 

Advanced investigations
Imaging by ultrasound and X-ray
A large amount of literature was identified that
dealt with imaging the lower urinary tract for the

diagnosis of USI through ultrasound and X-ray
methods. Ultrasound was found to be the most
effective method of imaging the two anatomical
features used for the diagnosis of USI: the
observance of leakage from the bladder and
movement of the bladder neck during
provocation. This method resulted in higher
sensitivities (0.89, 95% CI 0.84 to 0.93, and 0.84,
95% CI 0.76 to 0.90) and specificities (0.82, 95%
CI 0.73 to 0.89, and 0.86, 95% CI 0.79 to 0.91) for
these landmarks than X-ray imaging. This
suggests that ultrasound is a valuable diagnostic
tool that could be used in secondary care as an
alternative to multichannel urodynamics, owing to
likely lower risks, costs and discomfort for the
patient, although few studies reported these
patient-based outcomes. 

Urodynamics
The review identified literature on a number of
different urodynamic tests compared with the gold
standard of multichannel urodynamics. It is
arguable, however, whether such tests are less
unpleasant, expensive or of less risk to perform,
and whether it would be better just to perform the
gold-standard test. 

A number of papers compared the clinical stress
test with multichannel urodynamics for the
diagnosis of USI, resulting in a high sensitivity of
0.85 (95% CI 0.78 to 0.91) and specificity of 0.83
(95% CI 0.74 to 0.90). These studies performed
the clinical stress test with an artificially filled
bladder, which increases the invasiveness of the
test. If the test could be performed with a naturally
full bladder, with no significant detriment to
diagnostic accuracy, then this would be a very
useful non-invasive diagnostic test that could 
be used in primary and secondary care. Research
into such a test would be of great clinical 
interest. 

Within the review, far fewer studies were
undertaken in primary care than in secondary 
care settings. This has important implications 
for interpretation of the findings. The studies
undertaken in secondary care are mainly
undertaken on referred patients attending as
outpatients. They are very different to
undifferentiated patients presenting in primary
care. It is likely that referred patients have 
already undergone some form of diagnostic
process and, therefore, using various diagnostic
assessment tools with this population may 
produce greater levels of sensitivity and specificity
than in a mainly unreferred, undifferentiated
population.
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Conclusions
� This is the first systematic review of methods of

assessing urinary incontinence.
� In total, 6009 papers were identified from the

search, of which a final 121 were deemed
relevant for inclusion in the review. These
papers compared two or more
assessment/diagnostic techniques.

� A large number of different tests is used in the
diagnosis of urinary incontinence, generating a
great number of possible comparisons. The
extent of heterogeneity between studies meant
that few papers actually compared the same
assessment/diagnostic tests. A matrix was
constructed so that each relevant paper could
be assigned to a cell in the matrix. However,
even when a cell contained ten papers
comparing, for example, scales with
urodynamics, within the cell seven different
scales had been used, making actual
comparison impossible.

� Reporting in the primary studies was generally
poor. Both the clinical heterogeneity and poor
reporting meant that it was often impossible to
synthesise results, although studies reported in
recent years generally reported better than
older studies.

� Clinical interpretation was often difficult
because few studies could actually be
synthesised and conclusions drawn. The
following information could be deduced from
the available data:
– A large proportion of women with USI can be

correctly diagnosed in primary care from
clinical history alone.

– The value of validated scales or pad tests
could not be determined from the available
data owing to the wide range of different
types of instrument used.

– On the basis of diagnosis the diary appears to
be the most cost-effective of the three
primary care tests (diary, pad test and
validated scales) when used in addition to
clinical history.

– Ultrasound imaging may offer a valuable
alternative to urodynamic investigation.

– The clinical stress test is effective in the
diagnosis of USI. Adaptation of such a test so
that it could be performed in primary care

with a naturally filled bladder may prove
clinically useful.

– If a patient is to undergo an invasive
urodynamic procedure, multichannel
urodynamics is likely to give the most
accurate result in a secondary care setting.

� There is a dearth of literature on the diagnosis
of urinary incontinence in men, with no studies
meeting the criteria for data extraction in the
diagnosis of BOO.

Implications
� Most simple diagnostic methods can be

undertaken in primary or secondary care.
� A thorough and accurate clinical history is

crucial.
� The use of simple investigations (e.g. pad test

and diary) may offer useful information on
severity which, when combined with history,
may provide sufficient information to
commence primary care interventions (which
are low cost and low risk).

� From the data available the urinary diary is the
most cost-effective simple investigation to use in
combination with the clinical history.

� If urodynamic investigations are deemed
necessary, multichannel urodynamics will offer
the most accurate result.

� There is a lack of research in certain areas of
clinical interest and a general lack of high-
quality work, particularly economic studies.

Future research
recommendations
� There is a need for large-scale, high-quality,

primary studies evaluating the systematic use of
a number of diagnostic methods in a primary
care setting, so that the results of this systematic
review can be verified or not. Such studies
should include not only an assessment of
clinical effectiveness, in this case diagnostic
accuracy, but also an assessment of costs and
quality of life/patient acceptance/satisfaction to
inform future health policy decisions. 

� There is a need for the development and
standardisation of scales, pad tests and diaries
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for use in the diagnosis and measurement of
severity of urinary incontinence.

� Only a small number of studies investigated the
diagnosis of urinary incontinence using an
algorithm or a battery of tests. Such a common-
sense approach, which mirrors clinical practice,
warrants further investigation.

� Research on the accuracy of a stress test using a
naturally filled bladder would be of clinical
interest.

� In terms of economic modelling, the literature
has only begun to address the cost-effectiveness
of the use of diagnostic tools in urinary
incontinence. There has been some work
published examining the use of urodynamics
before surgery.223,224 However, there is a lack of
studies that consider the use of low-cost tests
such as diaries in primary care. Since these are
widely used techniques and they have the
potential to impact on other services in terms of
referrals to secondary care and treatment
received, it would be important to consider
explicitly the cost-effectiveness of their use. In
terms of the use of simple diagnostic tests there
would be a potential for their results to be used
in primary care to inform treatment options.
This could lead to improvements in health. 

� A full economic model, which incorporates both
diagnosis and treatment, and evaluates outcomes
in terms of cost per QALY, would enable more
rational decisions to be made; this would
represent an important focus for future work. 

� Studies should be carried out and reported to a
better standard. The recommendations of the
STARD initiative should be followed to ensure
the accuracy and completeness of reporting
design and results. The flowchart for the
suggested design and checklist for the 
reporting of a study of diagnostic accuracy
developed by STARD are presented in
Appendix 8.

� Given the demographics of the UK population
and the recently reported prevalence of any
urinary incontinence (in those aged 40 and
over) of 34% for women and 14% for men,2

there will be an increasing burden placed on
primary (and secondary) care services in terms
of the diagnostic assessment and appropriate
treatment of incontinence. Therefore,
identifying which are the most clinically and
cost-effective methods is of crucial 
importance.

Dissemination and timescale for
updating
The target audience for dissemination of these
results is clinicians. It may also prove interesting to
those involved in systematic reviews of diagnostic
methods. Realistically, in light of the broad nature
of the literature and the improvements in
reporting, the updating of this review should be
considered within 4–6 years.

Conclusions, implications and recommendations
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MEDLINE
1 exp URODYNAMICS/ or urodynamics.mp. 
2 provocation stress test$.mp. 
3 frequency volume chart$.mp. 
4 urinanalysis.mp. 
5 post-void residual volume.mp. [mp=title,

abstract, registry number word, mesh subject
heading] 

6 (mid-stream specimen adj2 urine).mp.
[mp=title, abstract, registry number word,
mesh subject heading] 

7 mssu.mp. [mp=title, abstract, registry number
word, mesh subject heading] 

8 (pad tests or pad testing or pad test).ti,ab.
9 exp URINALYSIS/ or urinalysis.mp. 
10 (mid-stream sampl$ adj2 urine).ti,ab. 
11 or/1-10 
12 exp "Sensitivity and Specificity"/
13 sensitivity.tw. 
14 specificity.tw. 
15 DO.xs. 
16 ri.fs. 
17 du.fs. 
18 or/12-17 
19 exp Predictive Value of Tests/ 
20 Reference Values/ 
21 Reference Standards/ 
22 ROC Curve/ 
23 exp Diagnostic Errors/ 
24 ((sensitivity or specificity) adj25 (test or

tests)).ti,ab. 
25 (predictive value$ or predictive standard$ or

predictive model$).ti,ab. 
26 (roc or receiver operat$ characteristic or

receiver operat$ curve$).ti,ab. 
27 (likelihood ratio$ or likelihood function$).ti,ab. 
28 (diagnostic error$ or (errors adj2 diagnosis) or

(false adj2 reaction$)).ti,ab. 
29 (false positive or false positives or false

negative or false negatives).ti,ab. 
30 (‘gold standard’$ or reference test$ or ‘gold

standard’$).ti,ab. 
31 (criter$ standard$ or criter$ bias or criteria

test or criteria tests).ti,ab. 
32 (validat$ standard or validat$ test or validat$

tests or validat$ bias).ti,ab. 
33 (work-up bias or workup bias or expectation

bias or verification bias).ti,ab. 

34 ((observer adj2 bias) or inderminate
result$).ti,ab. 

35 ((observer adj25 different) or observer
variation$).ti,ab. 

36 Observer Variation/ 
37 ((interrater or intrarater or observer) adj25

reliability).ti,ab. 
38 (intra adj4 reliability).ti,ab.
39 ((accuracy or reliability) adj2 (test or tests or

testing or standard or standards)).ti,ab. 
40 (performance adj2 (test or tests or testing or

standard or standards)).ti,ab. 
41 (reference value or reference values or

sroc).ti,ab.
42 exp Urinary Incontinence/ or urinary

incontinence.mp. 
43 urge incontinence.mp. 
44 stress incontinence.mp. 
45 (leakage and urin$).mp. [mp=title, 

abstract, registry number word, mesh subject
heading] 

46 detrusor instability.mp. 
47 or/42-46 
48 or/19-41 
49 48 or 11 or 18 
50 47 and 49 
51 limit 50 to (human and english language and

all adult <19 plus years>) 

EMBASE
1 exp "Sensitivity and Specificity"/ 
2 exp Predictive Value of Tests/ 
3 Reference Values/ 
4 Reference Standards/ 
5 ROC Curve/ 
6 exp Diagnostic Errors/ 
7 ((sensitivity or specificity) adj25 (test or

tests)).ti,ab. 
8 (predictive value$ or predictive standard$ or

predictive model$).ti,ab. 
9 (roc or receiver operat$ characteristic or

receiver operat$ curve$).ti,ab. 
10 (likelihood ratio$ or likelihood function$).ti,ab. 
11 (diagnostic error$ or (errors adj2 diagnosis) or

(false adj2 reaction$)).ti,ab. 
12 (false positive or false positives or false

negative or false negatives).ti,ab. 
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13 (‘gold standard’$ or reference test$ or ‘gold
standard’$).ti,ab. 

14 (criter$ standard$ or criter$ bias or criteria
test or criteria tests).ti,ab. 

15 (validat$ standard or validat$ test or validat$
tests or validat$ bias).ti,ab. 

16 (work-up bias or workup bias or expectation
bias or verification bias).ti,ab. 

17 ((observer adj2 bias) or inderminate
result$).ti,ab. 

18 ((observer adj25 different) or observer
variation$).ti,ab. 

19 Observer Variation/ 
20 ((interrater or intrarater or observer) adj25

reliability).ti,ab. 
21 (intra adj4 reliability).ti,ab. 
22 ((accuracy or reliability) adj2 (test or tests or

testing or standard or standards)).ti,ab. 
23 (performance adj2 (test or tests or testing or

standard or standards)).ti,ab. 
24 (reference value or reference values or

sroc).ti,ab. 
25 or/1-24 
26 DO.fs. 
27 exp URODYNAMICS/ or urodynamics.mp. 
28 exp URINALYSIS/ or urinalysis.mp. 
29 (mid stream specimen adj2 urine).mp.
30 (mid stream sampl$ adj2 urine).mp. 
31 pad test$.mp. 
32 (validat$ adj25 scal$).mp. 
33 (stress and provocation and test$).mp.

[mp=title, abstract, subject headings, drug
trade name, original title, device manufacturer,
drug manufacturer name] 

34 exp Physical Examination/ or physical
examination.mp. 

35 or/26-34 
36 25 or 35 
37 exp Urine Incontinence/ or urinary

incontinence.mp. 
38 exp Urge Incontinence/ or urge

incontinence.mp. 
39 exp Stress Incontinence/ or stress

incontinence.mp. 
40 exp Detrusor Dyssynergia/ or detrusor

instability.mp. 
41 (leak$ and urin$).mp. 
42 or/37-41 
43 36 and 42 
44 limit 43 to (human and english language) 
45 limit 44 to (adult <18 to 64 years> or aged

<65+ years>)

CINAHL
1 pa.fs. 
2 us.fs. 
3 ra.fs. 
4 DO.fs. 
5 du.fs. 
6 exp "Sensitivity and Specificity"/ 
7 sensitivity.tw. 
8 specificity.tw. 
9 or/1-8 
10 exp Urinary Incontinence/ or urinary

incontinence.mp. 
11 Stress Incontinence/ or stress incontinence.mp. 
12 exp Urge Incontinence/ or urge

incontinence.mp. 
13 detrusor instability.mp. 
14 (leak$ and urin$).mp. [mp=title, cinahl

subject heading, abstract, instrumentation] 
15 or/10-14 
16 9 and 15 
17 exp Predictive Value of Tests/ 
18 Reference Values/ or reference values.mp. 
19 roc curve.mp. 
20 exp Diagnostic Errors/ or diagnostic

errors.mp. 
21 (predictive value$ or predictive standard$ or

predictive model$).ti,ab. 
22 (roc or receiver operat$ characteristic or

receiver operat$ curve$).ti,ab. 
23 (likelihood ratio$ or likelihood function$).ti,ab. 
24 (diagnostic error$ or (errors adj2 diagnosis) or

(false adj2 reaction$)).ti,ab. 
25 (false positive or false positives or false

negative or false negatives).ti,ab. 
26 (gold standard$ or reference test$ or gold

standard$).ti,ab. 
27 (criter$ standard$ or criter$ bias or criteria

test or criteria tests).ti,ab. 
28 (validat$ standard or validat$ test or validat$

tests or validat$ bias).ti,ab. 
29 (work-up bias or workup bias or expectation

bias or verification bias).ti,ab. 
30 ((observer adj2 bias) or inderminate

result$).ti,ab. 
31 ((observer adj25 different) or observer

variation$).ti,ab.
32 observer variation.mp. 
33 ((interrater or intrarater or observer) adj25

reliability).ti,ab. 
34 (intra adj4 reliability).ti,ab. 
35 ((accuracy or reliability) adj2 (test or tests or

testing or standard or standards)).ti,ab. 
36 (performance adj2 (test or tests or testing or

standard or standards)).ti,ab. 
37 (reference value or reference values or

sroc).ti,ab. 
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38 or/17-37 
39 15 and 38 
40 16 or 39 
41 exp URODYNAMICS/ or urodynamics.mp. 
42 urinalysis.mp. [mp=title, cinahl subject

heading, abstract, instrumentation] 
43 (mid stream specimen adj2 urine).mp.

[mp=title, cinahl subject heading, abstract,
instrumentation] 

44 (mid stream sampl$ adj2 urine).mp. [mp=title,
cinahl subject heading, abstract,
instrumentation] 

45 pad test$.mp. [mp=title, cinahl subject
heading, abstract, instrumentation] 

46 (validat$ adj25 scale$).mp. [mp=title, cinahl
subject heading, abstract, instrumentation] 

47 stress provocation test$.mp. [mp=title, cinahl
subject heading, abstract, instrumentation] 

48 provocation stress test$.mp. [mp=title, cinahl
subject heading, abstract, instrumentation] 

49 physical examination.mp. [mp=title, cinahl
subject heading, abstract, instrumentation] 

50 or/41-49 

52 40 or 51 
53 limit 52 to english 
54 from 53 keep 1-165
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Appendix 2

Quality assessment tool

Item Yes No Unclear

1. Was the spectrum of patients representative of the patients who will 
receive the test in practice?

2. Were selection criteria clearly described?

3. Is the reference standard likely to correctly classify the target condition?

4. Is the time period between reference standard and index test short enough 
to be reasonably sure that the target condition did not change between the 
two tests?

5. Did the whole sample or a random selection of the sample receive 
verification using a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index 
test result?

7. Was the reference standard independent of the index test (i.e. the index 
test did not form part of the reference standard)?

8a. Was the execution of the index test described in sufficient detail to permit 
replication of the test?

8b. Was the execution of the reference standard described in sufficient detail 
to permit its replication?

9a. Were the index test results interpreted without knowledge of the results 
of the reference standard?

9b. Were the reference standard results interpreted without knowledge of the 
results of the index test?

10. Were the same clinical data available when test results were interpreted as 
would be available when the test is used in practice?

11. Were uninterpretable/intermediate test results reported?

12. Were withdrawals from the study explained?





Explanation of items included in
the quality assessment tool and
guide to scoring items
In addition to the quality assessment sheet,
please fill in the attached sheet with the
requested information on the study sample. In
addition to providing useful information for
categorising the paper this will also assist you
with the quality assessment. 

Following the pilot quality assessment some
further instructions have been added to assist
with the scoring of some of the items. These are
included in the blue boxes after the original
instructions

a. What is meant by this item
Differences in demographic and clinical features
between populations may produce measures of
diagnostic accuracy that vary considerably; this is
known as spectrum bias. Reported estimates of
diagnostic accuracy may have limited clinical
applicability (generalisability) if the spectrum of
tested patients is not similar to the patients in
whom the test will be used in practice. The
spectrum of patients refers not only to the severity
of the underlying target condition, but also to
demographic features and to the presence of
differential diagnosis and/or co-morbidity. It is

therefore important that diagnostic test
evaluations include an appropriate spectrum of
patients for the test under investigation and that a
clear definition of the characteristics of the
included patients is provided. 

b. Situations in which this item does
not apply
This item is relevant to all studies of diagnostic
accuracy and should always be included in the
quality assessment tool.

c. How to score this item
Studies should score ‘yes’ for this item if you
believe, based on the information reported or
obtained from the study’s authors, that the
spectrum of patients included in the study was
representative of those in whom the test will be
used in practice. The judgement should be based
on both the method of recruitment and the
characteristics of those recruited. Studies which
recruit a group of healthy controls and a group
known to have the target disorder will be coded as
‘no’ on this item in nearly all circumstances.
Reviewers should prespecify in the protocol of the
review what spectrum of patients would be
acceptable taking factors such as disease
prevalence and severity, age and sex into account.
If you think that the population studied does not
fit into what you specified as acceptable, the study
should be scored as ‘no’. If there is insufficient
information available to make a judgement then it
should be scored as ‘unclear’. 

1. Was the spectrum of patients representative
of the patients who will receive the test in
practice?

General Note: In the pilot study there
appeared to be a reluctance to code items as
‘unclear’. This is an equally valid response
and should be used when appropriate. No
papers will be excluded from the review on
the basis of quality assessment: the coding of
items as unclear is not necessarily a sign of
poor quality, only a reflection of a lack of
clarity in reporting. This may provide useful
recommendations for the reporting of
diagnostic studies in the future.
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Appendix 3

Instructions for quality assessment219

Additional instructions for Question 1: 
It is not necessary for the study sample to be
statistically representative of all the patients
who may receive the test in practice. The
study should include a sample that meets the
broad remits of the study:

A sample of community-dwelling adults not
exclusively consisting of patients with a
related chronic disease.

Therefore, the sample does not have to consist
of both men and women, to include a wide
range of age groups or include a primary and
secondary care population to be coded as ‘yes’. 



a. What is meant by this item
This refers to whether studies have provided a
clear definition of the criteria used as selection
criteria for entry into the study. 

b. Situations in which this item does
not apply
This item is relevant to all studies of diagnostic
accuracy and should always be included in the
quality assessment tool.

c. How to score this item
If you think that all relevant information
regarding how participants were selected for
inclusion in the study has been provided then this
item should be scored as ‘yes’. If study selection
criteria are not clearly reported then this item
should be scored as ‘no’. In situations where
selection criteria are partially reported and you
feel that you do not have enough information to
score this item as ‘yes’, then it should be scored as
‘unclear’.

a. What is meant by this item
The reference standard is the method used to
determine the presence or absence of the target
condition. To assess the diagnostic accuracy of the
index test its results are compared with the results
of the reference standard; subsequently indicators
of diagnostic accuracy can be calculated. The
reference standard is therefore an important
determinant of the diagnostic accuracy of a test.
The reference standard may be obtained in many

ways, including laboratory tests, imaging tests,
function tests and pathology, but also clinical
follow-up of participants. The decision of which
reference standard to use depends on the
definition of the target condition and the purpose
of the study. If no single reference test is available,
then careful clinical follow-up, a consensus
between observers or results of two or more
combined tests may be used to determine the
presence or absence of the target condition.
Estimates of test performance are based on the
assumption that the index test is being compared
to a reference standard which is 100% sensitive
and specific. If there are any disagreements
between the reference standard and the index test
then it is assumed that the index test is incorrect.
Thus, from a theoretical point of view the choice
of an appropriate reference standard is very
important. 

b. Situations in which this item does
not apply
This item is relevant to all studies of diagnostic
accuracy and should always be included in the
quality assessment tool. The only exception would
be if a particular reference standard is specified in
the inclusion criteria, i.e. to be included in the
review a study may have to compare the index test
to a specified reference standard.

c. How to score this item
If you believe that the reference standard is likely
to correctly classify the target condition then this
item should be scored ‘yes’. Making a judgement
as to the accuracy of the reference standard may
not be straightforward. You may need experience
of the topic area to know whether a test is an
appropriate reference standard, or if a
combination of tests is used you may have to
consider carefully whether these were appropriate.
If you do not think that the reference standard 
was likely to have correctly classified the target
condition then this item should be scored as ‘no’.
If there is insufficient information to make a
judgement then this should be scored as 
‘unclear’.

4. Is the time period between reference
standard and index test short enough to be
reasonably sure that the target condition did
not change between the two tests?

If urodynamics or an ICS approved pad test is
used as the reference standard then this item
should be coded as ‘yes’. 

3. Is the reference standard likely to correctly
classify the target condition?

In order for this to be coded as ‘yes’ the
description of the sample needs to fulfil all of
these criteria: 
Age: either an age range or a measure of
central tendency (with SD) should be
presented. If a statement such as ‘women over
the age of 50’ is the only description then this
item should be coded as ‘unclear’. 
Gender: the proportion of male and female
patients must be stated.
Location of recruitment and test: the paper
should state where recruitment of patients
took place and whether the tests were
performed in primary or secondary care. 
Sample size

2. Were selection criteria clearly described?
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a. What is meant by this item
Ideally the results of the index test and the
reference standard are collected on the same
patients at the same time. If this is not possible and
a delay occurs, misclassification due to spontaneous
recovery or a more advanced stage of disease may
occur. This is known as disease progression bias.
The size of the time period which may cause such
bias will vary between conditions. For example, a
delay of a few days is unlikely to be a problem for
chronic conditions; however, for other infectious
diseases a delay between performance of index and
reference standard of only a few days may be
important. This type of bias may occur in chronic
conditions in which the reference standard involves
clinical follow-up of several years. 

b. Situations in which this item does
not apply
This item is likely to apply in most situations. 

c. How to score this item
When to score this item as ‘yes’ is related to the
target condition. For conditions that progress rapidly
even a delay of several days may be important. For
such conditions this item should be scored ‘yes’ if the
delay between the performance of the index and
reference standard is very short, a matter of hours or
days. However, for chronic conditions disease status
is unlikely to change in a week, or a month, or even
longer. In such conditions longer delays between
performance of the index and reference standard
may be scored as ‘yes’. You will have to make
judgements regarding what is considered ‘short
enough’. You should think about this before starting
work on a review, and define what you consider to be
‘short enough’ for the specific topic area that you are
reviewing. If you think the time period between the
performance of the index test and the reference
standard was sufficiently long that disease status may
have changed between the performance of the two
tests then this item should be scored as ‘no’. If
insufficient information is provided this should be
scored as ‘unclear’.

a. What is meant by this item
Partial verification bias (also known as work-up
bias, (primary) selection bias or sequential
ordering bias) occurs when not all of the study
group receive confirmation of the diagnosis by a
reference standard. If the results of the index test
influence the decision to perform the reference
standard then biased estimates of test
performance may arise. If patients are randomly
selected to receive the reference standard the
overall diagnostic performance of the test is, in
theory, unchanged. In most cases, however, this
selection is not random, possibly leading to biased
estimates of the overall diagnostic accuracy. 

b. Situations in which this item does
not apply
Partial verification bias generally only occurs in
diagnostic cohort studies in which patients are
tested by the index test prior to the reference
standard. If the test sequence is reversed, as it is in
case–control designs, partial verification bias is
generally not applicable. However, there may be
exceptions to this. For example, in radiologic 
re-reading studies, scans are read at a later data by
one or more radiologists, but the scans will usually
have been obtained in regular clinical practice. 
If the study is limited to those with, for example,
biopsy verification the index (radiological
interpretations) could by influenced by the
decision to biopsy or not, and verification bias
may apply. In situations where the reference
standard is assessed before the index test, you
should first decide whether there is a possibility
that verification bias could occur, and if not how to
score this item. This may depend on how quality
will be incorporated in the review. There are two
options: either to score this item as ‘yes’, or to
remove it from the quality assessment tool. 

c. How to score this item
If it is clear from the study that all patients who
received the index test went on to receive
verification of their disease status using a
reference standard, even if this reference standard
was not the same for all patients, then this item
should be scored as ‘yes’. If some of the patients
who received the index test did not receive
verification of their true disease state then this
item should be scored as ‘no’. If this information is
not reported by the study then it should be scored
as ‘unclear’. 

5. Did the whole sample or a random selection
of the sample, receive verification using a
reference standard?
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Some disagreement resulted from variations in
the strictness of coding for this item. It is rare
that time periods are explicitly presented and
in some cases people made the (probably
correct) assumption that the two tests were
carried out at around the same time. It has
been decided that no assumptions should be
made when performing the quality assessment.
Therefore, if there is no mention of the time
period between tests then this item should
always be coded as ‘unclear’. 



a. What is meant by this item
Differential verification bias occurs when some of
the index test results are verified by a different
reference standard. This is especially a problem if
these reference standards differ in their definition
of the target condition, for example
histopathology of the appendix and natural
history for the detection of appendicitis. This
usually occurs when patients testing positive on
the index test receive a more accurate, often
invasive, reference standard than those with
negative test results. The link (correlation)
between a particular (negative) test result and
being verified by a less accurate reference standard
will affect measures of test accuracy in a similar
way as in partial verification, but less seriously. 

b. Situations in which this item does
not apply
Differential verification bias generally only occurs
in diagnostic cohort studies in which all patients
are tested by the index test prior to the reference
standard. However, there may be situations in
which this does not apply (see Item 3). If the test
sequence is reversed, as it is in case–control
designs, partial verification bias is not applicable.
In situations where the reference standard is
assessed before the index test, you should decide
how to score this item. This may depend on how
quality will be incorporated in the review. There
are two options: either to score this item as ‘yes’,
or to remove it from the quality assessment tool.

c. How to score this item
If it is clear that patients received verification of
their true disease status using the same reference
standard then this item should be scored as ‘yes’.
If some patients received verification using a
different reference standard this item should be
scored as ‘no’. If this information is not reported
by the study then it should be scored as ‘unclear’.

a. What is meant by this item
When the result of the index test is used in
establishing the final diagnosis, incorporation bias
may occur. This incorporation will probably
increase the amount of agreement between index
test results and the outcome of the reference

standard, and hence overestimate the various
measures of diagnostic accuracy. It is important to
note that knowledge of the results of the index test
alone does not automatically mean that these
results are incorporated in the reference standard.
For example, a study investigating MRI for the
diagnosis of multiple sclerosis could have a
reference standard composed of clinical follow-up,
cerebrospinal fluid analysis and MRI. In this case
the index test forms part of the reference
standard. If the same study used a reference
standard of clinical follow-up and the results of the
MRI were known when the clinical diagnosis was
made but were not specifically included as part of
the reference then the index test does not form
part of the reference standard.

b. Situations in which this item does
not apply
This item will only apply when a composite
reference standard is used to verify disease status.
In such cases it is essential that a full definition of
how disease status is verified and which tests form
part of the reference standard are provided. For
studies in which a single reference standard is
used this item will not be relevant and should
either be scored as ‘yes’ or be removed from the
quality assessment tool. 

c. How to score this item
If it is clear from the study that the index test did
not form part of the reference standard then this
item should be scored as ‘yes’. If it appears that
the index test formed part of the reference
standard then this item should be scored as ‘no’. 
If this information is not reported by the study
then it should be scored as ‘unclear’.

a. What is meant by these items
A sufficient description of the execution of index
test and reference standards is important for two
reasons. First, variation in measures of diagnostic
accuracy can sometimes be traced back to
differences in the execution of index/reference
standards. Second, a clear and detailed
description (or references) is needed to implement
a certain test in another setting. If tests are
executed in different ways then this would be
expected to impact on test performance. The

8a. Was the execution of the index test
described in sufficient detail to permit
replication of the test?

8b. Was the execution of the reference
standard described in sufficient detail to
permit its replication?

7. Was the reference standard independent of
the index test (i.e. the index test did not
form part of the reference standard)?

6. Did patients receive the same reference
standard regardless of the index test result?
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extent to which this would be expected to affect
results would depend on the type of test being
investigated.

b. Situations in which these items do
not apply
These items are likely to apply in most situations. 

c. How to score these items
If the study reports sufficient details to permit
replication of the index test and reference
standard then these items should be scored as
‘yes’. In other cases these items should be scored
as ‘no’. In situations where details of test
performance are partially reported and you feel
that you do not have enough information to score
this item as ‘yes’, then it should be scored as
‘unclear’.

a. What is meant by these items
This item is similar to ‘blinding’ in intervention
studies. Interpretation of the results of the index
test may be influenced by knowledge of the results
of the reference standard, and vice versa. This is
known as review bias, and may lead to inflated
measures of diagnostic accuracy. The extent to
which this may affect test results will be related to
the degree of subjectiveness in the interpretation
of the test result. The more subjective the
interpretation the more likely that the interpreter
can be influenced by the results of the index test
in interpreting the reference standard, and vice
versa. It is therefore important to consider the
topic area that you are reviewing and to determine
whether the interpretation of the index test or
reference standard could be influenced by
knowledge of the results of the other test. 

b. Situations in which these items do
not apply
If, in the topic area that you are reviewing, the
index test is always performed first then
interpretation of the results of the index test will
usually be without knowledge of the results of the
reference standard. Similarly, if the reference
standard is always performed first (for example, in
a diagnostic case–control study) then the results of
the reference standard will be interpreted without
knowledge of the index test. However, in certain
situations the results of both the index test and
reference standard are blinded in both directions
before being interpreted. In situations where one
form of review bias does not apply there are two
possibilities: either score the relevant item as ‘yes’
or remove this item from the list. If tests are
entirely objective in their interpretation then test
interpretation is not susceptible to review bias. In
such situations review bias may not be a problem
and these items can be omitted from the quality
assessment tool. Another situation in which this
form of bias may not apply is when test results are
interpreted in an independent laboratory. In such
situations it is unlikely that the person interpreting
the test results will have knowledge of the results
of the other test (either index test or reference
standard).

c. How to score these items
If the study clearly states that the test results
(index or reference standard) were interpreted
blind to the results of the other test then these
items should be scored as ‘yes’. If this does not
appear to be the case they should be scored as
‘no’. If this information is not reported by the
study then it should be scored as ‘unclear’.

10. Were the same clinical data available 
when test results were interpreted as would
be available when the test is used in
practice?

This is also rarely explicitly mentioned
although it could be assumed that when
performing urodynamics some history of the
patient will be known. However, no
assumptions should be made and therefore 
the item should be coded thus:

If there is mention of blinding or
independent interpretation – ‘yes’
If it is mentioned that the tests are not
blinded – ‘no’
If blinding is not mentioned at all – 
‘unclear’

9a. Were the index test results interpreted
without knowledge of the results of the
reference standard?

9b. Were the reference standard results
interpreted without knowledge of the
results of the index test?

If the paper cites a reference for a full
description of the methodology then this item
should be coded as ‘yes’.

For a description of urodynamics to be coded
as ‘yes’ the following information needs to be
given:

what type of catheter is used
filling speed
volume and type of medium (fluid, gas, etc.).
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a. What is meant by this item
The availability of information on clinical data
during interpretation of test results may affect
estimates of test performance. In this context
clinical data is defined broadly to include any
information relating to the patient obtained by
direct observation such as age, sex and symptoms.
The knowledge of such factors can influence the
diagnostic test result if the test involves an
interpretative component. If clinical data will be
available when the test is interpreted in practice
then this should also be available when the test is
evaluated. If, however, the index test is intended
to replace other clinical tests then clinical data
should not be available. It is therefore important
to determine what information will be available
when test results are interpreted in practice before
assessing studies for this item. 

b. Situations in which this item does
not apply
If the interpretation of the index test is fully
automated and involves no interpretation then
this item may not be relevant and can be omitted
from the quality assessment tool.

c. How to score this item
If clinical data would normally be available when
the test is interpreted in practice and similar data
were available when interpreting the index test in
the study then this item should be scored as ‘yes’.
Similarly, if clinical data would not be available in
practice and these data were not available when
the index test results were interpreted then this
item should be scored as ‘yes’. If this is not the
case then this item should be scored as ‘no’. If this
information is not reported by the study then it
should be scored as ‘unclear’.

a. What is meant by this item
A diagnostic test can produce an uninterpretable/
indeterminate/intermediate result with varying
frequency depending on the test. These problems
are often not reported in diagnostic accuracy
studies, with the uninterpretable results simply
removed from the analysis. This may lead to the
biased assessment of the test characteristics.
Whether bias will arise depends on the possible
correlation between uninterpretable test results
and the true disease status. If uninterpretable
results occur randomly and are not related to the
true disease status of the individual then, in
theory, these should not have any effect on test

performance. Whatever the cause of
uninterpretable results it is important that these
are reported so that the impact of these results on
test performance can be determined. 

b. Situations in which this item does
not apply
This item is relevant to all studies of diagnostic
accuracy and should always be included in the
quality assessment tool.

c. How to score this item
If it is clear that all test results, including
uninterpretable/indeterminate/intermediate, are
reported then this item should be scored as ‘yes’.
If you think that such results occurred but have
not been reported then this item should be scored
as ‘no’. If it is not clear whether all study results
have been reported then this item should be
scored as ‘unclear’.

a. What is meant by this item
This occurs when patients withdraw from the study
before the results of both the index test and
reference standard are known. If patients lost to
follow-up differ systematically from those who
remain, for whatever reason, then estimates of test
performance may be biased.

b. Situations in which this item does
not apply
This item is relevant to all studies of diagnostic
accuracy and should always be included in the
quality assessment tool.

c. How to score this item
If it is clear what happened to all patients who
entered the study, for example if a flow diagram of
study participants is reported, then this item
should be scored as ‘yes’. If it appears that some of
the participants who entered the study did not
complete the study, i.e. did not receive both the
index test and reference standard, and these
patients were not accounted for then this item
should be scored as ‘no’. If it is not clear whether
all patients who entered the study were accounted
for then this item should be scored as ‘unclear’.

12. Were withdrawals from the study
explained?

A strict approach should be used when coding
this item. If there is no mention of any
uninterpretable results then this should be
coded as ‘unclear’.

11. Were uninterpretable/intermediate test
results reported?
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Again a strict approach should be used when
coding this item. If there is no mention of any
withdrawals then this should be coded as
‘unclear’.
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Dear 

We are currently undertaking a systematic review on the methods of diagnosing urinary incontinence. This
work is funded by the Department of Health in the United Kingdom (http://www.hta.nhsweb.nhs.uk/).
The results will be used to advise health care professionals on the most appropriate assessment methods
when dealing with this highly prevalent condition. 

We have identified your paper {InsertReference} as relevant for inclusion in the review as it quantitatively
compares the diagnostic methods: {insert diagnostic test 1 and diagnostic 2}.

However, in order to be able to fully include your paper in the review and any meta-analysis we need a
little further information from you. Combining data from different studies in a meta-analysis requires
data in a very specific format. In order that we can include the results from all possible studies in the
meta-analysis we are writing to authors for this extra information. As I am sure you are aware the very
nature of systematic reviews requires as many relevant papers as possible to be included in order to
provide representative results1. 

We need to know the number of patients (both with and without urinary incontinence) classified correctly
and incorrectly by the index test (e.g. a 2×2 or 3×3 contingency table). This would allow us to calculate
sensitivity, specificity and positive predictive value for the index test. The cut-off points used to determine
a positive result for each of the diagnostic tests are also required. If your study did not define cut-off
points for a positive test then it would be most useful if you could provide us with the raw data, we only
require two columns of data (please see our website http://www.prw.le.ac.uk/research/hta/ for an example
of what we require). To minimise the effort on your part we have attached a ‘fax-back’ form that you can
complete by hand with the required data (which is potentially just six numbers), and our website will
hopefully answer any additional queries relating to this request. 

We do hope that you will be able to assist us with this request, your help will greatly improve the validity
of the review and maximise its impact. You will of course be acknowledged for your assistance and sent a
copy of the final report. As I am sure you can appreciate we are on a very tight timetable, therefore a
response within two weeks would be greatly appreciated. However, if you are going to find this difficult
please contact us.

If you require any further information about what data is required or have any questions about any aspect
of the project please do not hesitate to contact us by any of the contact methods given above. 

Yours sincerely

Jennifer Martin
On behalf of the study team

1. Deeks JJ. Systematic reviews in health care: Systematic reviews of evaluations of diagnostic and
screening tests. BMJ 323(7305):157–62. www.bmj.com
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Appendix 4

Letter to authors requesting additional data





Fax

F.A.O: Dr Jennifer Martin From:

Fax No. +44 (0)116 252 5423 Phone No. +44 (0)116 252 5451

Re: Systematic Review Data

Author Paper ID

Data Required:

Cut-off for a positive result on the gold standard test 

Cut-off for a positive result on the index standard test 

Gold Standard/Reference Test

+ ve – ve
+ ve

Index Test

– ve
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Appendix 5

Blank forms sent to contacted authors



Fax

F.A.O: Dr Jennifer Martin From:

Fax No. +44 (0)116 252 5423 Phone No. +44 (0)116 252 5451

Re: Systematic Review Data

Author Paper ID

Data Required:

Cut-off for a positive result on the gold standard test 

Cut-off for a positive result on the index standard test 

Gold Standard/Reference Test

Index Test
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Fax

F.A.O: Dr Jennifer Martin From:

Fax No. +44 (0)116 252 5423 Phone No. +44 (0)116 252 5451

Re: Systematic Review Data

Paper ID 

Data Required:

If you would rather send data in electronic form by email or send an existing data sheet by fax then
please do so.

Patient No. Gold Standard Reference 
Diagnostic Test Diagnostic Test

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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Systematic review: methods of diagnosing urinary incontinence
Data examples
This website has been created to provide assistance to those authors that have been contacted for extra
data to be included in our systematic review on methods of diagnosing urinary incontinence. This work is
funded by the Department of Health. http://www.hta.nhsweb.nhs.uk

We have provided a number of examples to illustrate the form in which we require the data. These
illustrate what to do in situations where cut-off points have been used to classify patients as either positive
or negative on a particular test (i.e. categorical data). Examples are also given for studies where no cut-
offs have been used and therefore data is in a continuous form.

In order to comply with the Data Protection Act 1998 please do not send us any unique patient identifier
numbers, initials or any other information that could be used to identify individuals. 

We hope that these examples will enable you to provide the data that we have asked for. However, if you
have any questions whatsoever about what is required or indeed any queries about the project in general
please do not hesitate to get in contact with us.

Contact email: jlm26@le.ac.uk

Example 1
This study was undertaken to determine the diagnostic accuracy of the 48-hour pad-test against the gold
standard test of multichannel video urodynamics. 38 patients performed both tests. A clear cut-off point
was defined for a positive result for each of the diagnostic tests. Each of the 38 patients can be assigned
to one of the 4 boxes within the contingency table.

Cut-off for a positive result Visualisation of leakage in 
for multichannel absence of a detrusor 
videourodynamics contraction

Cut-off for a positive result Leakage greater than 15 g
on 48-hour pad-test

Multichannel video urodynamics
(Gold standard/reference test)

+ ve – ve
leakage no leakage

48 h + ve 10 6
pad test
(index test)

– ve 4 18
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Website created for contacted authors



Example 2
This study was undertaken to determine the accuracy of a clinical stress test in diagnosing different types
of incontinence compared with the gold standard of multichannel videourodynamics. A total of 34
patients performed both tests. Cut-off points were defined for each diagnosis. Each of the 34 patients can
be assigned to one of the 9 boxes within the contingency table. 

USI DO

Cut-off for a positive Involuntary leakage Spontaneous contraction 
result on multichannel during increased whilst the patient 
videourodynamics abdominal pressure in attempts to inhibit 

the absence of a micturition
detrusor contraction

Cut-off for a positive Observed leakage Uncontrollable leakage 
result on clinical coincidentally with during examination
stress test coughing or straining

Multichannel videourodynamics
(Gold standard/reference test)

USI DO Normal

USI 17 2 1
Clinical 
stress test DO 1 8 0
(index test)

Normal 1 2 2
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Example 3
A total of 20 patients were studied to investigate the accuracy of using a severity index to diagnose
urinary incontinence. The scale was compared with a 48-hour pad-test, which had a clear cut-off point for
a positive or negative result. No cut-off point was used for the severity score therefore the raw data is
given.

Cut-off point for a positive 48-hour pad test = 15 g.

Patient no. Pad test result Severity score

1 Positive 14

2 Negative 3

3 Positive 18

4 Positive 16

5 Positive 11

6 Negative 5

7 Negative 7

8 Positive 9

9 Positive 11

10 Negative 2

11 Negative 0

12 Positive 7

13 Positive 9

14 Positive 12

15 Positive 15

16 Positive 13

17 Negative 11

18 Positive 16

19 Positive 18

20 Negative 13
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Description of Study Sample Paper No. 

* This information is required for Q2 to be coded as ‘Yes’.

Currently this paper is classified as comparing the following tests. 

Do you agree with this classification? (please circle) YES NO

If not, how would you classify the paper?

1. Age of patients* Range/measure of central tendency

2. Gender* % Female

3. Where sample was recruited* Primary/2ndary/Mixed

4. Where tests were performed* Primary/2ndary/Mixed

5. Community dwelling? %

6. Proportion of patients with related %
chronic disease

7. Year of publication

8. Sample size*

9. Country of study
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Appendix 8

STARD flowchart and checklist

Eligible patients (n=   )

Excluded patients
Reasons (n=   )

Normal result
(n=   )

Abnormal result
(n=   )

Inconclusive result
(n=   )

No reference
standard
(n=   )

No reference
standard
(n=   )

No reference
standard
(n=   )

Reference standard
(n=   )

Reference standard
(n=   )

Reference standard
(n=   )

Inconclusive
(n=   )

Inconclusive
(n=   )

Inconclusive
(n=   )

Target 
condition
present
(n=   )

Target 
condition
present
(n=   )

Target 
condition
present
(n=   )

Target 
condition

absent
(n=   )

Target 
condition

absent
(n=   )

Target 
condition

absent
(n=   )

Index test (n=   )
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STARD checklist for reporting diagnostic accuracy studies 

Section and topic Item Description 

Title, abstract, and keywords 1 Identify the article as a study of diagnostic accuracy (recommend MeSH
heading "sensitivity and specificity")

Introduction 2 State the research questions or aims, such as estimating diagnostic accuracy
or comparing accuracy between tests or across participant groups

Methods:
Participants 3 Describe the study population: the inclusion and exclusion criteria and the

settings and locations where the data were collected
4 Describe participant recruitment: was this based on presenting symptoms,

results from previous tests, or the fact that the participants had received
the index tests or the reference standard?

5 Describe participant sampling: was this a consecutive series of participants
defined by selection criteria in items 3 and 4? If not, specify how
participants were further selected

6 Describe data collection: was data collection planned before the index tests
and reference standard were performed (prospective study) or after
(retrospective study)?

Test methods 7 Describe the reference standard and its rationale
8 Describe technical specifications of material and methods involved,

including how and when measurements were taken, or cite references for
index tests or reference standard, or both

9 Describe definition of and rationale for the units, cut-off points, or
categories of the results of the index tests and the reference standard

10 Describe the number, training, and expertise of the persons executing and
reading the index tests and the reference standard

11 Were the readers of the index tests and the reference standard blind
(masked) to the results of the other test? Describe any other clinical
information available to the readers.

Statistical methods 12 Describe methods for calculating or comparing measures of diagnostic
accuracy and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals)

13 Describe methods for calculating test reproducibility, if done
Results:

Participants 14 Report when study was done, including beginning and ending dates of
recruitment

15 Report clinical and demographic characteristics (e.g. age, sex, spectrum of
presenting symptoms, comorbidity, current treatments, and recruitment
centre)

16 Report how many participants satisfying the criteria for inclusion did or did
not undergo the index tests or the reference standard, or both; describe
why participants failed to receive either test (a flow diagram is strongly
recommended)

Test results 17 Report time interval from index tests to reference standard, and any
treatment administered between

18 Report distribution of severity of disease (define criteria) in those with the
target condition and other diagnoses in participants without the target
condition

19 Report a cross-tabulation of the results of the index tests (including
indeterminate and missing results) by the results of the reference standard;
for continuous results, report the distribution of the test results by the
results of the reference standard

20 Report any adverse events from performing the index test or the reference
standard

Estimates 21 Report estimates of diagnostic accuracy and measures of statistical
uncertainty (e.g. 95% confidence intervals)

22 Report how indeterminate results, missing responses, and outliers of index
tests were handled

23 Report estimates of variability of diagnostic accuracy between readers,
centres, or subgroups of participants, if done

24 Report estimates of test reproducibility, if done
Discussion 25 Discuss the clinical applicability of the study findings
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