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Background: Urodynamics (UDS) has been considered the gold standard test for detrusor overactivity (DO)
in women with an overactive bladder (OAB). Bladder ultrasonography to measure bladder wall thickness
(BWT) is less invasive and has been proposed as an alternative test.

Objectives: To estimate the reliability, reproducibility, accuracy and acceptability of BWT in women with
OAB, measured by ultrasonography, in the diagnosis of DO; to explore the role of UDS and its impact
on treatment outcomes; and to conduct an economic evaluation of alternative care pathways.

Design: A cross-sectional test accuracy study.

Setting: 22 UK hospitals.

Participants: 687 women with OAB.

Methods: BWT was measured using transvaginal ultrasonography, and DO was assessed using UDS, which
was performed blind to ultrasonographic findings. Intraobserver and interobserver reproducibility were
assessed by repeated measurements from scans in 37 and 57 women, respectively, and by repeated scans in
27 women. Sensitivity and specificity were computed at pre-specified thresholds. The smallest real differences
detectable of BWT were estimated using one-way analysis of variance. The pain and acceptability of both
tests were evaluated by a questionnaire. Patient symptoms were measured before testing and after 6 and
12 months using the International Consultation on Incontinence modular Questionnaire Overactive Bladder
(short form) (ICIQ-OAB) questionnaire and a global impression of improvement elicited at 12 months.
Interventions and patient outcomes were analysed according to urodynamic diagnoses and BWT
measurements. A decision-analytic model compared the cost-effectiveness of care strategies using UDS,
ultrasonography or clinical history, estimating the cost per woman successfully treated and the cost per
quality-adjusted life-year (QALY).
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Results: BWT showed very low sensitivity and specificity at all pre-specified cut-off points, and there
was no evidence of discrimination at any threshold (p= 0.25). Extensive sensitivity and subgroup analyses
did not alter the interpretation of these findings. The smallest detectable difference in BWT was estimated
to be 2mm. Pain levels following both tests appeared relatively low. The proportion of women who
found the test ‘totally acceptable’ was significantly higher with ultrasonography than UDS (81% vs. 56%;
p< 0.001). Overall, subsequent treatment was highly associated with urodynamic diagnosis (p< 0.0001).
There was no evidence that BWT had any relationship with the global impression of improvement
responses at 20 months (p= 0.4). Bladder ultrasonography was more costly and less effective than the
other strategies. The incremental cost-effectiveness ratio (ICER) of basing treatment on the primary
clinical presentation compared with UDS was £491,500 per woman successfully treated and £60,200 per
QALY. Performing a UDS in those women with a clinical history of mixed urinary incontinence had an
ICER of £19,500 per woman successfully treated and £12,700 per QALY compared with the provision of
urodynamic to all women. For DO cases detected, UDS was the most cost-effective strategy.

Conclusion: There was no evidence that BWT had any relationship with DO, regardless of the cut-off
point, nor any relationship to symptoms as measured by the ICIQ-OAB. Bladder ultrasonography has no
diagnostic or prognostic value as a test in this condition. Furthermore, despite its greater acceptability,
BWT measurement was not sufficiently reliable or reproducible.

Trial registration: Current Controlled Trials ISRCTN46820623.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 20, No. 7.
See the NIHR Journals Library website for further project information.
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Plain English summary

Overactive bladder (OAB) is a distressing condition that affects about 12% of the population.
The symptoms are the frequent and urgent desire to urinate, sometimes with loss of control of the

bladder. The underlying cause may be uncontrollable contractions of the bladder wall called detrusor
overactivity. These contractions can be observed during an intimate test called urodynamics (UDS), in
which the bladder is artificially filled with water. Drugs can then be prescribed to relax the bladder.

The contractions cause the bladder wall to thicken and the thickness can be measured by vaginal
ultrasonography. If there is a good relationship between bladder wall thickness, contractions and
symptoms, ultrasonography could replace UDS.

We undertook a study in over 600 women with OAB symptoms. Participants underwent both
ultrasonography and UDS. Women preferred the ultrasonography test to UDS, but we found that
the ultrasonography results did not relate to the UDS diagnosis, nor to the severity of symptoms.
Repeating ultrasonography did not produce consistent measurements.

We also asked women about their symptoms and treatments at 6 and 12 months after testing. We found
that doctors use UDS results to provide the most appropriate treatment, but only 57% of women reported
symptom improvements. We also found UDS provides value for money.

The results of our study conclusively show that ultrasonography is not useful for diagnosis of OAB. More
research is needed to compare whether women have better outcomes if treatment decisions are based on
the urodynamic results or on symptoms only.
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Scientific summary

Background

Overactive bladder (OAB) is a symptom complex of urinary urgency (intense, sudden desire to void) with or
without incontinence, increased urinary frequency or nocturia in the absence of infection or other proven
pathology. Detrusor overactivity (DO) is involuntary detrusor contractions associated with urgency observed
during the filling phase of a bladder test called urodynamics (UDS). The pathology behind OAB symptoms
may be DO in 54–58% of patients.

Urodynamics has been considered the gold standard test for DO, but is intimate and invasive, with a risk
of urinary infection. Transvaginal ultrasonography to measure bladder wall thickness (BWT) has been
proposed as a potentially less invasive method of diagnosis of DO.

Objectives

The original primary research objective was to estimate the diagnostic accuracy of BWT measured by
bladder ultrasonography, in the diagnosis of DO.

The original secondary research objectives were:

1. to conduct a decision-analytical model-based economic evaluation comparing the cost-effectiveness of
various care pathways (including pathways that incorporate bladder ultrasonography)

2. to investigate the acceptability of both tests
3. to assess whether or not measurements of BWT made using transvaginal ultrasonography have

adequate reliability and reproducibility to be likely to detect differences potentially indicative of disease.

We also aimed to investigate the value added by bladder ultrasonography to information already obtained
from routine initial non-invasive tests (e.g. history, bladder diary, disease-specific quality-of-life questionnaire).

Subsequently, a fifth objective was added to the Bladder Ultrasound Study (BUS), namely to establish the
role of UDS and its impact on treatment and patient outcomes in OAB and mixed urinary incontinence
(MUI). There were six key questions:

1. Does the urodynamic diagnosis affect treatment pathways?
2. What were the patient-reported outcomes in the cohort of women recruited into the BUS 6 and

12 months after testing?
3. Can diagnoses by UDS predict improvement in different patient groups?
4. Does receiving treatment concordant with the urodynamic diagnoses improve patients’ symptoms,

compared with not receiving a concordant treatment?
5. Are presenting symptoms related to outcomes after 6 and 12 months?
6. Does ultrasonographic measurement of BWT have any prognostic value?
7. What is the cost-effectiveness of UDS in the diagnosis of DO?
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Methods

A cross-sectional test accuracy study recruited 687 women with OAB symptoms from 22 UK hospitals.
BWT was measured using transvaginal ultrasonography. DO status was determined by multichannel UDS,
undertaken blind to the ultrasonography findings. Test accuracy was estimated by comparing BWT
measured by bladder ultrasonography (the index test) with diagnosis of DO (the target condition) obtained
from UDS (the reference standard). The primary analysis involved calculations of sensitivity, specificity,
predictive values and likelihood ratios (LRs) using a BWT of 5mm as a cut-off point (≥ 5mm indicating
presence of detrusor activity). A receiver operating characteristic (ROC) curve was constructed and the area
under the curve (AUC) computed [with 95% confidence interval (CI)] to give an overall estimate of
ultrasonography accuracy across all thresholds of BWT. Statistical significance was tested by comparing
with the uninformative model using a non-parametric approach. Multiple sensitivity analyses were
performed to test the robustness of the results to protocol deviations, missing data and different
subpopulations based on clinical presentation.

Intraobserver and interobserver reproducibility of BWT measurements were assessed by repeated
measurement from scans made in subsets of 37 and 57 women, respectively, and by repeated scans in
27 women. The intraclass correlations and smallest real difference were derived using one-way analysis
of variance.

The acceptability of transvaginal bladder ultrasonography and UDS from the patient’s perspective was
evaluated through the completion of a self-reported questionnaire containing visual analogue scales for
pain, ordinal scales for acceptability and a generic state anxiety measure. Mean differences and 95% CIs
were calculated with statistical significance determined by a paired t-test for pain and anxiety scores.
Wilcoxon signed-rank test was used for acceptability responses and McNemar’s test for binary responses.

Patient symptoms were measured before testing and after 6 and 12 months, using the validated
International Consultation on Incontinence modular Questionnaire Overactive Bladder (short form)
(ICIQ-OAB) questionnaire and a global impression of improvement elicited at 12 months. The relationship
between UDS diagnosis and subsequent treatment was examined using a multinomial logistic regression
model. The overall importance of this variable was determined by chi-squared test, with results presented
alongside estimates of odds ratios (ORs) and 95% CI, with no treatment used as the reference variable.

Frequencies and percentages are presented for the results of the global impression of improvement
question measured at follow-up. Mean change of ICIQ-OAB scores from baseline and 95% CIs were
calculated, with a paired t-test used to test statistical significance of the change. Further statistical
analysis was completed using logistic and linear repeated measures regression models.

In the economic evaluation, three diagnostic pathways were compared. The first was based on UDS and
represented the way treatment pathways are determined in current practice. The second was based
on the results of the bladder ultrasound, and the third on the clinical history. In a secondary analysis,
strategies using a diagnostic test as an adjunct to clinical history were additionally explored.

A decision-analytic model was constructed to estimate the cost-effectiveness of the different diagnostic
strategies. The analyses were carried out from the perspective of the UK NHS and the primary outcome
was in terms of cost per woman successfully treated. Secondary outcomes included in the analyses were
cost per quality-adjusted life-year (QALY) and cost per DO case detected. A 5-year time-horizon was
selected and costs and QALYs accruing beyond 12 months were discounted at an annual rate of 3.5%.
Results were presented in terms of incremental cost-effectiveness ratios (ICERs) and cost-effectiveness
acceptability frontiers. Deterministic and probabilistic sensitivity analyses were performed to explore the
effects of the inherent uncertainty in parameter estimates on model results.
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Results

Main findings of test accuracy and reproducibility study
The mean age of the 687 women recruited to the study was 52.7 years [standard deviation (SD) 13.9 years]
and the average body mass index was 30.6 kg/m2 (SD 12.2 kg/m2). Fifty-six per cent (378/687) of the
women were post menopausal. According to the clinical history, 61% (419/687) had urgency-predominant
MUI and 33% (226/687) reported only urinary urgency along with increased frequency. The median
duration of symptoms was 3.0 years [interquartile range (IQR) 1.6–7.0]. A total of 644 participants (94%)
had both complete index and reference standard results.

Estimation of the accuracy of BWT showed very low sensitivity, specificity and LRs at all pre-specified
cut-off points. The ROC curve showed no evidence of discrimination at any threshold between those
with and without DO (p = 0.25); the AUC was 0.53 (95% CI 0.48 to 0.57). Furthermore, there was no
evidence that the mean BWT measurements were any higher in the detrusor overactive group than the
no overactivity group [4.85 mm (SD 1.36 mm) vs. 4.70 mm (SD 1.29 mm); p= 0.19] or that it had
any relationship with ICIQ-OAB symptoms score when measured at presentation (r = –0.01; p= 0.88).
Extensive sensitivity analyses and subgroup analyses were carried out, including exclusion of those with a
history of mixed incontinence and those with ‘dry’ OAB, but did not alter the interpretation of these findings.

Analyses of intraoperator and interoperator variability found that differences of less than 2mm in BWT
cannot be safely interpreted as indicating real differences, as such differences are in the realms of those
attributable to analytical variability (measurement error). We observed that the process of interpreting
scans introduces a measurement error of around 1mm, suggesting that the remaining 1mm is attributable
to a combination of the scanning process and biological variability.

Main findings of acceptability
A total of 646 (94%) participants in the study responded to the acceptability questionnaire following
both tests. Pain levels following both tests appeared relatively low, although scores during and shortly after
UDS were higher than the corresponding scores during and after bladder ultrasonography, and these
differences were statistically significant. The proportion of women who found the test ‘totally acceptable’
was significantly higher with ultrasonography than UDS (81% vs. 56%; p< 0.001). Fewer women felt
that they would recommend UDS to a friend than ultrasonography (86% vs. 96%; p< 0.001) and
have the same test again (88% vs. 97%; p< 0.001). Anxiety levels associated with both tests appeared
moderate (12.6 for ultrasonography and 12.9 for UDS), although the scores were only slightly higher
with UDS (0.3 points difference on a 4- to 24-point scale, 95% CI 0.1 to 0.5; p= 0.02).

Main findings of long-term follow-up after 6 and 12 months
The question about value added by BWT on transvaginal ultrasonography became redundant as its
diagnostic accuracy was found to be poor. Follow-up data were available for 489 (71%) and 475 (69%)
participants, at a median time of 7 and 20 months (IQR 6–8 months and 15–24 months, respectively)
post-testing, respectively. Over the whole follow-up period, the majority of women reported some
treatment (292/467 providing information, 63%). Overall, subsequent treatment was highly associated
with diagnosis group (p< 0.0001) suggesting that the clinicians and patients appeared to be guided by
diagnoses from UDS in selecting treatment options. A total of 53% of the participants (248/470 providing
information) thought that their bladder problems had improved at 20 months. There was no evidence
that BWT had any relationship with the global impression of improvement responses at 20 months
(p= 0.4) or ICIQ-OAB scores (p= 0.8) over 7 and 20 months (correlation coefficients Pearson’s r= 0.01 at
both time points). There was some evidence that ICIQ-OAB responses varied between diagnosis groups
overall (p= 0.02) and pairwise comparisons between them indicated that the DO with urodynamic stress
incontinence group have a greater reduction than the DO group (–1.1 points, 95% CI –1.7 to –0.4;
p= 0.002) over both time points. At 20 months, 57% (168/296) of patients who had received a treatment
concordant with their UDS diagnosis responded positively to the global impression of improvement
question compared with 45% (69/152) of patients who had not (OR 1.6, 95% CI 1.1 to 2.3; p= 0.02).
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Main findings of economic evaluation
Following National Institute for Health and Care Excellence recommendations on the use of UDS if
conservative treatments have not been effective, the economic evaluation focused on women who were
receiving antimuscarinic therapy before enrolling into the study. In the primary analysis, treatment
based on clinical history was found to be more effective than UDS, leading to an additional 26 cases per
10,000 women successfully treated and 0.02 QALYs gained per woman. These came at an additional cost
of approximately £1300 per woman. Bladder ultrasonography was more costly and less effective than the
other strategies. The ICER of clinical history compared with UDS was estimated at £491,100 per woman
successfully treated and £60,200 per QALY. In the secondary analysis, the strategy of giving UDS to women with
a clinical history of MUI was found to be more effective than universal UDS. The selective use was shown to
result in an additional 309 cases per 10,000 women successfully treated and 0.05 QALYs gained per
woman at an additional cost of £600 per woman. This led to an ICER of £19,500 per woman successfully
treated and £12,700 per QALY. In terms of DO cases detected, UDS was the most cost-effective diagnostic
strategy in both analyses.

Conclusion

There was no evidence that transvaginal BWT had any relationship with DO, regardless of cut-off point.
Extensive sensitivity analyses and subgroup analyses were carried out without any evidence of an increase
in the performance. Furthermore, BWT had no relationship to symptoms as measured by ICIQ-OAB score
either on presentation or in the long term. BWT thus has no predictive or prognostic value as a test in
this condition.

We undertook three separate studies to investigate the intraobserver and interobserver variation of BWT
using transvaginal ultrasonography and concluded that it was unlikely that this measurement would be
sufficiently reliable or reproducible to be an accurate diagnostic test in routine clinical practice. Only
differences > 2mm could be safely interpreted as real change, meaning that for the vast majority of
women (84%), there could be some possibility of misclassification when using a cut-off point of 5 mm.

Transvaginal ultrasonography was more acceptable as well as less painful than UDS. Despite this, a high
proportion of women said that they would recommend the UDS test to a friend (88%) and also have it
repeated (86%).

The urodynamic diagnosis appeared to have an affect on the subsequent treatment received by the patients
who were followed up. These included increased chance of having surgical treatment (e.g. 15 times greater
odds of having surgery for urinary stress incontinence if given a combined diagnosis with DO than those
with normal urodynamic results). Women diagnosed with DO were three times more likely to have reported
taking bladder relaxants in the 2 years post-test. The long-term follow-up also found that patients were
more likely to report improvement in symptoms if they received a medical or surgical treatment in
concordance with their urodynamic diagnoses. This suggests UDS did play a part in the subsequent
treatment of women with suspected OAB.

In the economic evaluation, UDS was found to be a cost-effective diagnostic strategy. Carrying out UDS
on women with predominant symptoms of OAB once conservative treatment strategies were exhausted
resulted in significant cost-savings for a small reduction in effectiveness. A further investigation into whether
or not a diagnostic test would be more cost-effective if performed only in specific subgroups of women
concluded that the most cost-effective diagnostic strategy is to perform UDS in women with a clinical
history of MUI only.

SCIENTIFIC SUMMARY
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Implications for health care
Transvaginal ultrasonographic measurement of BWT is not an accurate method of diagnosing DO. UDS,
the gold standard test for lower urinary tract conditions, was found to be the most cost-effective test
in the management of OAB but especially in the subgroup of MUI once the conservative treatments were
exhausted. Offering UDS earlier on in the management of mixed incontinence may increase patient
satisfaction and save NHS resource.

Recommendations for research
In women with OAB or urgency-predominant MUI, adequately powered randomised controlled trials
comparing treatment based on urodynamic diagnoses compared with treatment based on clinical assessment
(history and examination alone) and related economic evaluation for these diagnostic interventions are
required to consolidate the role of UDS in the management of these women, as has been done for stress
urinary incontinence.

Trial registration

This trial is registered as ISRCTN46820623.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Introduction

Overactive bladder

Definition and prevalence
Overactive bladder (OAB) is defined by the International Continence Society and the International
Urogynaecology Association1 as a symptom complex of urinary urgency (an intense, sudden desire to void)
with or without incontinence, usually with increased urinary frequency or nocturia, but in the absence of
infection or other proven pathology. Increased urinary frequency and urgency seem to be more common
symptoms of OAB than urinary incontinence (UI). Incontinence may be the most distressing symptom of
OAB, but affects only one-third of patients.2

Overactive bladder affects millions of people worldwide. In the epiLUTS study, OAB prevalence was found
to be 12.8%.3,4 Prevalence and severity of OAB are known to increase with age from 14.9% in the 18- to
29-year group, to 21.3% in the 30- to 39-year group, 32.9% in the 40- to 49-year group, 35.8% in the
50- to 59-year group and up to 39.8% in the 60- to 69-year group.5 With the increase in longevity owing
to advances in health care and the population growth, the burden of OAB is going to increase in the next
few decades, with a 9% increase anticipated from 500 million globally in 2013 to 546 million by 2018.6

Two-thirds of a predominantly female sample of people with OAB had sought treatment in the 6 months
prior to a multinational survey.7

Moderate-to-severe symptoms may have an adverse impact on lifestyle. Affected women tend to cope by
restricting fluid intake and ‘toilet mapping’ to control urgency and frequency.8 Women may avoid sexual
contact because of the risk of coital incontinence.9 These coping strategies can have a deleterious effect
on physical, social and emotional health. Low mood and depression due to social restriction and fear of
embarrassment are also associated with OAB in women (with and without urgency incontinence), while
OAB also has significant financial implications (e.g. cost of pads, prescriptions, time off work, job losses,
effects on the family, etc.).10,11 Urgency or nocturia in the elderly have been linked to a higher risk of falls
and fractures.12

Mixed urinary incontinence
The International Continence Society and International Urogynecology Association describe mixed urinary
incontinence (MUI) as a complaint of involuntary loss of urine associated with urgency and also with effort
or physical exertion, or on sneezing or coughing.1 MUI may be urgency-predominant or stress-predominant
and accounts for 49% of UI in women.13 In a study on the prevalence of individual symptoms of MUI, 29% of
participants had stress-predominant MUI, 15% of participants had urgency-predominant MUI and 56%
(912/1626) of participants had equal severity of urgency- and stress-related MUI.13 Appropriate categorisation
of women into urgency-predominant or stress-predominant MUI has been a matter of great debate. Previous
studies have used the Medical, Epidemiological, and Social Aspects of Ageing (MESA) Questionnaire,14 the
Urogenital Distress (UI) Inventory15 and visual analogue scale (VAS) scores alongside 7-day bladder diaries to
categorise women with mixed incontinence based on the predominant symptom (stress or urgency).16

However, in routine clinical practice, women are categorised based on which symptoms they consider are
more bothersome.

Underlying pathology of overactive bladder
The pathology behind OAB symptoms has been found to be detrusor overactivity (DO) in 54–58% of the
cases. The remaining 42–46% of the patients may have other pathologies causing OAB symptoms17 (Table 1).
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The pathophysiology of the DO and other causes of OAB have not been understood completely. Enhanced
afferent activity generated by the detrusor smooth muscle and the urothelium/lamina propria may be the
main mechanism.18 In vitro studies have shown that spontaneous contractile activity was seen more often
in muscle strips from overactive than from normal bladders.19

According to the myogenic theory, DO may be caused by an intrinsic abnormality of the detrusor muscle
rather than a disturbance of its neural control. Detrusor smooth muscle cells may become hyperexcitable,
react to minor stimuli and result in untimely bladder contractions resulting in urgency. In isolated bladder
preparations from patients with DO, there seems to be increased co-ordination leading to larger amplitude
contractions, possibly reflecting changes in intercellular communication.20

In OAB patients, increase in intravesical pressure secondary to detrusor contractions may cause the
symptom of urgency and prompt the woman to increase her urethral closure pressure using her urethral
sphincter and pelvic floor musculature. Such isometric contractions against a closed bladder neck and
competent sphincter may lead to the hypertrophy of the detrusor. A thickened bladder wall is suggestive
of detrusor hypertrophy.21

Clinical history
Clinical history taking for urinary symptoms includes the type of incontinence (provoked by urgency
or activity), duration and severity of symptoms, impact of symptoms on quality of life (QoL), exacerbating
factors including diet, fluid and medications, co-existing medical, surgical or gynaecological conditions
and the person’s strategies for coping with symptoms. In a semisystematic review, mean sensitivity and
specificity of clinical history compared with a reference standard diagnosis made by urodynamics (UDS)
was 69% (range 35–96%) and 60% (range 21–97%), respectively, for OAB, and 51% (range 38–84%)
and 66% (range 43–96%), respectively, for women with MUI.22 Mean sensitivity for predicting DO in
women with clinical symptoms of OAB was 76%, but the specificity was only 57%.22 Meta-analytical
averages were not presented.

TABLE 1 Conditions that cause OAB

Lower urinary tract conditions Mechanism of affect

Idiopathic DO Involuntary detrusor contractions associated with urgency
during filling cystometry when there is no other cause

Urinary tract infection Inflammatory markers trigger activation of sensory afferent
signalling pathways

Obstruction including prolapse Detrusor muscle hypertrophy and urinary stagnation
leading to DO

Impaired bladder contractility Urinary retention from reduced contractility, causing
frequency and urgency incontinence

Bladder abnormalities or inflammation Intravesical abnormalities may precipitate urgency and
urgency incontinence

Neurological conditions: cerebrovascular accidents,
Alzheimer’s disease, multi-infarct dementia, Parkinson’s
disease, multiple sclerosis, normal pressure hydrocephalus,
benign tumours or secondaries in the spine

Higher cortical inhibition of the bladder is impaired,
causing neurogenic DO

Oestrogen deficiency Inflammation from bladder mucosal atrophy, atrophic
vaginitis and urethritis (e.g. local irritation and risk of
urinary tract infections)

INTRODUCTION
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However, in a more methodologically thorough review, Martin et al.23 reported the pooled sensitivity of
clinical history assessment of urgency symptoms, compared with a UDS diagnosis of DO, to be lower
at 61% [95% confidence interval (CI) 57% to 65%], and the specificity to be higher at 87% (95% CI
85% to 89%).

History of urinary symptoms alone may not help in the differentiation of the underlying pathology.24,25

Women go through a thorough clinical assessment to rule out other causes of OAB, for example
urogenital atrophy, significant pelvic organ prolapse (POP), and should undergo post-void residual (PVR)
ultrasonography to rule out incomplete bladder emptying.

Bladder diaries in the assessment of overactive bladder
Bladder diaries are useful tools in the investigation of lower urinary tract symptoms (LUTS)3 and also to
assess treatment response.26 Episodes of urgency and sensation may also be recorded, along with the
activities performed during or immediately preceding the involuntary loss of urine. Severity of incontinence
in terms of leakage episodes and pad use may also be reported in bladder diaries. On evaluation of
accuracy of bladder diaries in OAB patients against the urodynamic diagnosis of DO, sensitivity and
specificity were found to be 0.88 and 0.83, respectively.27 A high subjective score of urgency, frequent
voiding and urgency incontinence episodes (over a 3-day diary period) were strongly associated with
urodynamic DO in a multivariate analysis.28

Urodynamics

Urodynamics are used to assess the neuromuscular function of the urinary tract and understand its
storage and evacuation.29 There are two basic aims of the UDS test: (1) to reproduce the patient’s
symptoms and (2) to provide a pathophysiological explanation for the patient’s problems.2 At present,
laboratory UDS remain the gold standard test for assessment of OAB. Multiple diagnoses can be given
following UDS tests, which include DO, urodynamic stress incontinence (USI), a combination of DO and USI
and voiding dysfunction (VD).

Urodynamics consists of uroflowmetry, which measures the flow rate during voiding, and multichannel
cystometry, which evaluates the pressure–volume relationship in the bladder during both filling and voiding
phases. It is usually performed in the sitting or supine position and takes approximately 30 minutes to
perform. Ambulatory UDS utilises natural filling and provides a more physiological technique for continuous
monitoring of bladder function under nearly natural conditions, but does require a longer period of
observation and for the patient to carry a data storage device while catheterised. Standard multichannel
UDS has a NHS tariff of £401.30 There were approximately 39,792 UDS attendances in England and Wales
in 2013,31 although there is a 23-fold variation in uptake between localities.32

Detrusor overactivity and low compliance are urodynamic diagnoses. DO is the occurrence of involuntary
detrusor contractions during the filling phase of UDS. These contractions, which may be spontaneous or
provoked, produce a wave form on the cystometrogram of variable duration and amplitude.33 Neurogenic
DO is where there is DO and there is evidence of a relevant neurological disorder.33 In a normal compliant
bladder, the bladder accommodates large volumes without a significant rise in detrusor pressure, but if the
elasticity of the bladder is reduced, pressure rises with filling and the bladder is said to have low compliance.

In women with OAB symptoms, 45% do not have a diagnosis DO on UDS. UDS may miss DO if DO is not
present at all times during the filling phase, or because UDS is not a test mimicking normal physiology
and hence is not able to capture DO at its occurrence.34 In a study of 2737 women with UI symptoms,
1626 (59%) reported mixed UI, of whom 42% had USI, 25% had pure DO, 18% had both DO and USI
and 15% had normal UDS.35 In those with stress-predominant MUI, 64% had pure USI and in those with
urgency-predominant MUI, only 47% had solely DO.35
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Clinical use of urodynamics
National Institute for Health and Care Excellence (NICE) guidelines (CG 171)36 advise against the use of
multichannel, ambulatory UDS or video UDS prior to commencing conservative management for OABs.
However, there are recommendations to perform UDS before proceeding to invasive treatments
for DO, for example botulinum toxin serotype A (BTX-A) (Onabotulinum A, Botox™, Allergan Ltd.)
or neurostimulation.

Standardisation of the urodynamic assessment
Urodynamics is a skilled procedure, which requires training in setting up the UDS equipment, calibration of
the machine, interpreting the pressure/flow recordings and counselling patients. One of the difficulties
often encountered during UDS is the ability to identify artefacts and interpret the results.5 One of the key
aspects of maintaining the accuracy of UDS is to ensure that the initial resting pressures are correct and
recognised.8 Previous studies showed that even under ideal test–retest conditions, reliability can be poor
for many urodynamic parameters.9,10 In clinical settings in which UDS is performed, this can be further
compromised by inconsistencies in practice. The site-to-site variation in UDS procedure may have resulted
from difference in equipment and training of staff.3 Quality control is a process through which procedure
quality is maintained or improved, errors reduced or eliminated and is a crucial element of the good
urodynamic practice (GUP) guidelines, which were developed following poor quality control observed
during review of UDS traces from multicentre trials by the International Continence Society in 2002.6

Acceptability of urodynamics
Women experience significant emotional distress in relation to diagnostic evaluation.37 UDS is an intimate
and invasive test13 involving the catheterisation of the bladder and rectum/vagina and some provocative
manoeuvres.13 A significant number of people who undergo UDS find it embarrassing, painful or
distressing.38,39 These feelings can be relieved by appropriate interpersonal skills, communication skills,
maintenance of privacy and confidence in the technical ability of the health-care professional.40 Younger
women and those with a history of anxiety or depression, and those receiving a diagnosis of OAB and
painful bladder syndrome have been reported to have more negative experiences during UDS.41 Female
patients found that UDS was more embarrassing when carried out by a male examiner, although they felt
it less painful than their male counterparts. Patients with higher ‘bother’ scores may not tolerate UDS as
well as a patient who has a lower bother score.38

Bladder ultrasonography

Ultrasonography has been claimed to be a potentially accurate and reliable test of DO and definitely is a
less invasive method of diagnosis of DO through direct measurement of bladder wall thickness (BWT),
an increase of which has been shown to be associated with DO.21,42 The bladder can be visualised by
transabdominal, transperineal and transvaginal scanning. Transvaginal scanning is considered the optimal
method of measuring BWT in women as the probe is closest to the bladder and captures high-quality
images. Ultrasonographic measurement of BWT or detrusor wall thickness (DWT) both visualise and
quantify bladder wall hypertrophy, but differ in their extent of measurement. BWT includes the detrusor,
the mucosa and the adventitia of the bladder wall, while DWT includes only the detrusor. BWT values thus
always exceed DWT values in the same patient, rendering them incomparable.43

In one study, female adults with normal UDS pressure patterns had a mean BWT of 3.9mm [interquartile
range (IQR) 3.4–4.5 mm].44 Another study of 166 women without urinary symptoms found a mean BWT
3.04mm [standard deviation (SD) 0.77mm; range 1.2–7.6mm] and a small positive correlation between
the increase in age and BWT. The small increase in BWT with age could be related to detrusor hypertrophy
or secondary to increased interstitial collagen deposition.45 As the age-related increase in the thickness is
small, and smaller than the likely measurement error of ultrasonography, correction with respect to age
may not be required.46
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The optimum bladder volume to measure BWT is still a matter of debate. In our clinical practice, we
measured BWT at a bladder volume < 30ml. BWT is known to be fairly constant when bladder volumes
are measured in the range from 0 to 50ml.44 Bladder outline is difficult to visualise at higher bladder
volumes. Transabdominal measurement of BWT needs higher bladder volumes of around 250ml, leading
to more stretching of the bladder wall. BWT decreases rapidly between 50ml and 250ml of bladder filling
(or until 50% of bladder capacity) but reaches a plateau with only minor changes thereafter.43

Evidence for the accuracy of ultrasonographic measurement of bladder wall
thickness in diagnosis of detrusor overactivity
There has been conflicting evidence in the literature on the diagnostic accuracy of BWT in diagnosing DO.47,48

A systematic review identified five studies49–53 of women with OAB symptoms, three of these studies49,52,53

used transvaginal bladder ultrasonography but different UDS methods.48 In one study of transvaginal bladder
ultrasonography from which accuracy data could be extracted, a BWT cut-off point of 5mm gave a sensitivity
of 84% (95% CI 76% to 89%) and specificity of 89% (95% CI 90% to 96%) for identifying DO, compared
with video cystourethrography and ambulatory UDS.49 In another study, BWT varied significantly between
UDS-defined lower urinary tract conditions – the mean BWT was 3.78mm (SD 0.39mm) for USI, 4.97mm
(SD 0.63mm) for DO and 6.01mm (SD 0.73mm) for bladder outflow obstruction; p< 0.0001.54 This study
reported an area under the receiver operating characteristic (ROC) curve of 0.94 (95% CI 0.89 to 0.99) for
the differentiation between USI and DO or bladder outflow obstruction and 0.87 (95% CI 0.78 to 0.97) to
differentiate DO and bladder outflow obstruction, suggesting thresholds of 4.1mm and 5.6mm, respectively,
for maximal diagnostic accuracy.54 A subsequent update to the review identified seven further studies that
have shown a significantly increased BWT in patients with DO than in patients without DO.27,50,55–59 However,
the heterogeneity in the methods, including the standardisation of bladder ultrasonography and of UDS, and
poor reporting of the proportions of DO cases identified as well as missed, precludes a formal diagnostic
meta-analysis. Other methodological weaknesses of prior studies include unclear description of how bladder
ultrasonography and UDS results were blinded to each other, recruitment mainly from a single centre and
retrospective design.

Acceptability of bladder ultrasonography
Transvaginal bladder ultrasonography is a less invasive technique than UDS. The acceptability and
psychological impact of transvaginal scanning has been extensively studied. In a study of 755 pregnant
women undergoing transvaginal scanning, 272 (36%) experienced some pain or physical discomfort,60 the
majority (92%) describing it as ‘mild’ or ‘discomforting’, but a small minority found the scan ‘distressing’
(5%), ‘horrible’ (3%) or ‘excruciating’ (1%). The level of psychological trauma, measured by the impact of
event score (with ratings of symptoms of avoidance and intrusion) was low, with a mean of 4.3 out of a
possible maximum score of 40. The majority of the women (86%) said they would definitely or probably
have a repeat scan in the future.

Rationale for the study

Urinary symptoms alone can be unreliable in establishing the diagnosis of DO in women with symptoms
of OAB, so clinical guidelines recommend UDS. UDS is invasive, poorly tolerated by patients and costly with
an associated risk of urinary tract infections (UTIs). The mean BWT, as determined by bladder ultrasonography,
appears to be higher in women with UDS defined DO and, therefore, may have a potential discriminatory
role. Existing studies were small and of variable quality and further research into the role of bladder
ultrasonography in diagnosis of DO in women with OAB symptoms is required.48 If shown to be accurate,
reproducible and cost-effective, bladder ultrasonography would reduce the need for UDS.
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In the absence of comprehensive evidence on the accuracy of UDS and its role in influencing the
appropriate treatment pathway, the necessity of UDS has increasingly started to be questioned. In women
with uncomplicated stress urinary incontinence (SUI), evidence suggests that UDS is not a necessary or
cost-effective component in the treatment pathway.61–65 However, for women with predominant symptoms
of OAB, the evidence is still inconclusive. On the one hand, studies conclude that urodynamic evaluation is
essential in the management of women with symptoms of OAB,29 which is not a reliable indicator of DO in
women.17 On the other hand, others conclude that an urodynamic observation of DO is not a good predictor of
the outcome of a variety of treatments for OAB.66 NICE recommends the use of UDS prior to invasive treatments
for OAB,36 but there has also been a call for further studies examining the role of bladder ultrasonography.36

Overview of the research

The Bladder Ultrasound study (BUS) was a prospective multicentre diagnostic accuracy study to evaluate the
accuracy of BWT in diagnosing DO. The study compared BWT measurement derived from transvaginal
bladder ultrasonography with a reference standard of multichannel UDS used to verify the presence or
absence of DO and other UDS defined diagnoses. Consecutive women with OAB symptoms who satisfied
the eligibility criteria were approached. Consenting women with OAB symptoms were characterised by their
clinical history and frequency, severity and ‘bother’ of their symptoms using a bladder diary and validated
questionnaire International Consultation on Incontinence modular Questionnaire Overactive Bladder
(short form) (ICIQ-OAB).67 The interobserver and intraobserver reproducibility of bladder ultrasonography
was assessed in substudies (see Chapter 4). Pain, embarrassment and acceptability of the two tests were
assessed. An economic evaluation would compare different diagnostic strategies and treatments, using
study and published data (see Chapter 7), to determine the most cost-effective diagnostic route. Women
were also followed for 12 months following the investigations and the relationships between UDS diagnosis
and bladder ultrasonographic measurement with treatments and symptoms were assessed.

Methodology for determination of the accuracy of bladder ultrasonography
Evaluation of the accuracy of a diagnostic test involves comparing the findings a new test with a reference
standard diagnosis, which may be based on one or several pieces of test information. Accuracy focuses
on estimating rates of test errors: false negatives – those who have the condition but who wrongly receive
a negative test result; and false positives – those who do not have the condition but wrongly receive a
positive test result. Sensitivity describes the ability of the test to correctly identify the disease (i.e. not
give false-negative results) and specificity the ability to identify those without the disease (i.e. to not give
false-positive results). For the evaluation of bladder ultrasonography, the findings of UDS are used for
the reference standard as it is the best test for diagnosing DO. For bladder ultrasonography to be
considered as a test to replace UDS, it is necessary for the rates of false negatives and false positives to
be low (i.e. sensitivity and specificity to be high).

There are many possible sources of bias in accuracy studies68 and we report our study in accordance
with the Standards for Reporting of Diagnostic Accuracy statement to ensure that the risk of bias can
be assessed.69 There are three main domains of bias: (1) selection of the sample, (2) verification of the
reference standard and (3) completeness of the data. Selection bias may arise if the sample is not suitably
representative of the population. This is likely to occur with use of non-consecutive or convenience
sampling. The BUS sought to approach all consecutive eligible women. A related issue is that of spectrum
bias whereby the accuracy of tests varies among study samples with differences in disease severity
(a measurable characteristic). We planned subgroup analysis to explore the variation in test accuracy
owing to spectrum composition.
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Empirical studies have shown that studies with differential verification, whereby the reference standard
use is dependent on the index test result, produce more biased estimates of accuracy than studies with
complete verification by the preferred reference standard.70 Some of the studies of bladder ultrasonography
have mixed reference standards according to the results of the index test, which can lead to bias.44,49,52 This
has occurred through using ambulatory UDS in selected subsets of patients selected according to the results
of bladder ultrasonography. Although ambulatory UDS is probably a more accurate reference standard than
standard UDS, it was available in only a single recruiting centre, and is costly and inconvenient, and thus we
could not use it in all centres. We did aim to include a subset of patients in whom ambulatory UDS had
been carried out on and use this enhanced reference standard in a sensitivity analysis, but the primary
analysis is based on standard UDS assessments. We mandated that both tests were completed to ensure
that we had complete data to enable the accuracy assessment to see if bladder ultrasonography can
replace UDS.71

Reproducibility of a test
The accuracy of a diagnostic test relates to its ability to detect differences in measurements between
individuals related to disease state (the signal) against a background of variability in measurements
caused by measurement error (the noise or analytical variability). Tests may fail when there is little signal
or when the magnitude of the noise is high compared with the size of the signal. Studies of reliability and
reproducibility provide estimates of analytical variability and allow assessment of the ability of a test to
detect real differences of varying magnitude. For imaging studies, there are two core sources of analytical
variability: first, relating to the interpretation of images, with variability caused by measurement error within an
observer (intraobserver) and between observers (interobserver); and second, relating to the imaging technique.

Any newer diagnostic test developed to assess bladder function accurately should ideally be reliable and
reproducible and easy to interpret. Reproducibility of BWT is of particular importance given the fact that
the bladder is a distensible organ and its thickness is known to inversely correlate with the amount of urine
present in the bladder.46 Intraobserver and interobserver reproducibility is demonstrated by studying the
difference between blinded observers/measurements when exposing the same patient to the technique
independently at different points of time. Transabdominal and transperineal measurement of BWT was
shown to have higher interobserver variation than transvaginal measurement in a study by Panayi et al.72

Hence we chose transvaginal measurement of BWT to evaluate diagnostic accuracy in diagnosing DO.

Assessing the acceptability of bladder ultrasonography and urodynamics
Extreme anxiety disrupts and unsettles behaviour by lowering the individual’s concentration and affecting
their self-confidence and muscular control. Unsettled behaviour during intimate and invasive tests such as
UDS and bladder ultrasonography may have an impact on the level of co-operation gained from the
patient, the ability to complete the test and may have an adverse effect on interpretation of test results.73,74

There is no reported literature on the explicit quantification of the anxiety levels elicited by UDS and very
little attention has been paid to the psychological impact of invasive diagnostic testing of lower urinary
tract conditions.26 We aimed to assess state anxiety, defined as a mood state associated with preparation
for possible upcoming negative events75 and consider this alongside pain during and shortly after each test.

Effect of tests on subsequent treatment pathway
Pharmacotherapy is considered first-line treatment of OAB, with or without the use of conservative
interventions like bladder retraining, pelvic floor muscle training (PFMT) (with or without biofeedback),
weight loss and fluid management. The motor nerve supply to the bladder is via the parasympathetic
nervous system (via sacral nerves S2, S3, S4),76–78 which stimulates detrusor muscle contraction. This is
mediated by acetylcholine acting on muscarinic receptors at the level of the bladder. Cholinergic blockade
may abolish or reduce the intensity of detrusor muscle contraction.79 Various anticholinergic medications differ
with respect to efficacy, tolerability and side effect profile. Women taking anticholinergic medications
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frequently experience adverse effects such as dry mouth, headache, constipation, dizziness, decreased visual
acuity and tachycardia. A pharmacological classification of bladder agents used in OAB is:

l Non-selective anticholinergics: tolterodine tartrate, trospium chloride, oxybutynin hydrochloride,
propiverine hydrochloride, propantheline bromide.

l M2–M3 selective anticholinergic: solifenacin succinate (Vesicare®, Astellas).
l M3 selective antagonist: darifenacin hydrobromide (Emselex®, Merus).
l Beta3 receptor agonist: mirabegron (Betmiga®, Astellas).

In patients who are refractory to conservative management of OAB (because of either a lack of efficacy or
troublesome adverse effects), BTX-A has been used for over a decade with successful outcomes. The
majority of patients who commence treatment with BTX-A may require long-term repeat treatments.80

There is evidence of sustained reductions in UI episodes and increase in volume/void as well as QoL in
patients with neurogenic DO81 on repeat (up to five) injections with BTX-A.

Percutaneous tibial nerve stimulation (PTNS) involves stimulation of the posterior tibial nerve in the ankle
using a fine-gauge needle, given weekly for 12 weeks and topped up as required. Improvement in OAB
symptoms using PTNS is comparable to the effect of antimuscarinics but with a better side effect profile.82

The studies included in the published systematic review considered only short-term outcomes after initial
treatment.82 In order to recommend PTNS as a practical treatment option, long-term data and health
economic analysis are needed.82 The NICE guideline on UI recommends that PTNS for OAB can be offered
only if there has been a multidisciplinary team review, conservative management including OAB drug
treatment has not worked adequately and the woman does not want BTX-A or percutaneous sacral nerve
stimulation (SNS).36

Sacral neuromodulation involves implantation of a permanent sacral nerve root stimulator, which is
designed to stimulate the third sacral nerve root. It is recommended to patients with refractory OAB who
have failed conservative measures (including drugs), who have not responded to BTX-A treatment and
have voiding difficulties.36,83 The surgical treatment for SUI is offered if the PFMT has been unsuccessful or
declined and mainly consists of a mid-urethral sling.36

The impact of a test is whether or not it ultimately improves patient outcomes, by identifying those that
need treatment, or differentiating between alternative diagnoses and directing an appropriate treatment.
There are widely held concerns that although a UDS DO diagnosis is accurate, it is not clear that it leads
to different patient management or predicts patient outcome. There are some studies to suggest that
patient-related outcomes are similar whether or not there is an urodynamic diagnosis of DO in patients
with OAB, following a variety of treatment options.84–87

A comparable situation exists for stress incontinence, whereupon non-invasive assessments alone
were found to be not inferior to UDS for outcomes at 1 year in a randomised controlled trial (RCT).61

A meta-analysis has concluded that pre-operative UDS does not influence the likelihood of subjective
cure or post-operative complications in women without VD undergoing primary surgery for
uncomplicated SUI and so should not be carried out.88 In a RCT, urodynamic status could not predict
treatment outcomes between patients treated with extended-release tolterodine tartrate or placebo.84

There is a necessity, therefore, to establish the role of UDS and its impact on treatment and patient
outcomes in OAB as at present its role is unclear. The BUS provided a unique opportunity to address this
question and so, midway through, we proposed an extension to the study. The extension aimed to establish
if treatment pathways differed following confirmation of DO based on UDS. Moreover, we sought to assess
if the UDS diagnosis had an effect on patient-reported severity and improvement at 6 and 12 months after
testing, and whether or not receiving the most appropriate treatment according to the UDS diagnosis
improved symptoms.
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Economic evaluation of the alternative diagnostic strategies
In addition to evaluating the reproducibility, accuracy and acceptability of bladder ultrasonography, it is
important to assess the cost-effectiveness of testing strategies involving bladder ultrasonography, UDS and
based on the primary presenting symptom in clinical history alone. The BUS would enable comprehensive
primary resource utilisation for bladder ultrasonography and UDS to be collected as part of the study and
the extension provided the opportunity to collect outcome data for all women who having reported
bladder problems, and the treatment they received, whether or not they had a UDS diagnosis of DO.
These data, together with other estimates obtained from the literature,89–92 were used to clarify whether or
not the UDS test itself represents an appropriate and justifiable use of health service resources, given the
doubt over its predictive ability.

Aims and objectives of the Bladder Ultrasound Study

The original primary research objective was to estimate the diagnostic accuracy of BWT, measured by
transvaginal bladder ultrasonography, in the diagnosis of DO.

The original secondary research objectives were:

1. to conduct a decision-analytical model-based economic evaluation comparing the cost-effectiveness of
various care pathways (including pathways that incorporate bladder ultrasonography)

2. to investigate the acceptability of UDS and bladder ultrasonography
3. to assess whether or not measurements of BWT made using transvaginal ultrasonography have

adequate reliability and reproducibility to be likely to detect differences in BWT potentially indicative
of disease.

We also aimed to investigate the value added by bladder ultrasonography to information already obtained
from routinely used initial non-invasive tests (history, bladder diary, disease-specific QoL questionnaire),
but this became redundant when the accuracy of bladder ultrasonography was found to be poor.
Subsequently, a fifth objective was added to the BUS, namely to establish the role of UDS and its impact
on treatment and patient outcomes in OAB and MUI. There were six key questions:

1. Does the UDS diagnosis affect treatment pathways?
2. What were the patient-reported outcomes in the cohort of women recruited in the BUS at 6 and

12 months after testing?
3. Does the diagnosis by UDS have any effect on symptoms after 6 and 12 months, that is, can UDS

predict improvement in different patient groups?
4. Does receiving treatment concordant with the urodynamic diagnosis improve patients’ symptoms,

compared with not receiving a concordant treatment?
5. Are presenting symptoms related to outcomes at 6 and 12 months?
6. Does ultrasonographic measurement of BWT have any prognostic value?
7. What is the cost-effectiveness of UDS in the diagnosis of DO?
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Chapter 2 Diagnostic accuracy of bladder wall
thickness via bladder ultrasonography in the
diagnosis of detrusor overactivity

Introduction

A cross-sectional test accuracy study was undertaken to assess the accuracy of BWT in diagnosing DO in
women with OAB symptoms. Women were recruited with OAB or urgency-predominant MUI and BWT
was measured from transvaginal ultrasound scans. DO status was judged from findings obtained from
multichannel UDS, which was undertaken blind to the findings from the transvaginal ultrasonography.
Test accuracy was estimated by comparing BWT measures (the index test) against diagnosis of DO
(the target condition) obtained from UDS (the reference standard).

Oversight

The study plan was detailed in a protocol which received a favourable ethical opinion from the Nottingham
Research ethics committee (MREC 10/H0408/57). NHS trust research governance approval was obtained for
22 recruiting hospitals in the UK, with the Birmingham Women’s Hospital and University of Birmingham
acting as sponsors. A detailed description of the independent oversight of the study is given in Appendix 1.

Methods

Study sample
Consecutive women attending urogynaecology or urology clinics at either specialised referral centres or
district general hospitals were approached for consent to the study. They were eligible for inclusion in the
study (Figure 1) if they satisfied the following criteria:

1. Frequency of nine or more voids in 24 hours as reported in a 3-day bladder diary (on at least on one
of the days).

2. Urgency (cannot defer the urge to void) recorded on at least two occasions in the 3-day bladder diary.
3. PVR volume ≤ 100ml on the screening bladder scan.
4. No stress incontinence surgery and/or BTX-A in the past 6 months.
5. Provided written informed consent.

Exclusion criteria were:

1. Current pregnancy or up to 6 weeks post partum.
2. Pure symptoms of stress incontinence or stress-predominant mixed incontinence.
3. Evidence of cystitis (dipstick positive for leucocytes/nitrites).
4. Voiding difficulties (e.g. PVR of > 100ml).
5. Prolapse > grade II (any compartment, as defined by the Pelvic Organ Prolapse (POP)

Quantification system).93

6. Previous UDS assessment in the past 6 months.
7. Use of antimuscarinics for more than 6 months continuously.
8. Current use of antimuscarinics (e.g. tolterodine, solifenacin, oxybutynin). If the woman was taking

antimuscarinics at the point of consent, she was eligible if the medication was ceased immediately and
there was a delay of at least 2 weeks before the index and reference tests were carried out.
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Given the need to fully inform each woman about the study (to provide time for her to consider participation
and to avoid burdening her with information at the time of recruitment), a two-stage informed consent
strategy was employed. The study information leaflets along with a sample consent form and bladder diaries
were posted to all prospective participants with their clinic appointment letter. Research nurses and principal
investigators in the recruiting hospitals were trained to reinforce the information provided and answer any
questions that the women may have had. The collaborating teams approached patients for recruitment and
consent at the time of consultation. We advised the recruiting centres to maintain a screening log of the
eligible and ineligible participants was (identification and demographic details and any exclusion criteria).

Demographic and clinical history of the participants was collected prior to testing. This included medical
and surgical history, previous treatments, if any, for bladder, bladder diary results and incontinence pad
use. The ICIQ-OAB questionnaire67 was also administered prior to testing and then at 6 and 12 months
post-testing for use in the long-term follow-up study (see Chapter 6). A generic and preference-based
health-related QoL questionnaire, the European Quality of Life-5 Dimensions (EQ-5D),94 was administered
at the same time points. The Investigating Choice Experiments CAPability measure for Adults (ICECAP-A)
was given at baseline and 6 months only. Questionnaires on the acceptability of the testing were given
immediately post-testing (see Chapter 5 for output).

The study flow to evaluate the diagnostic
accuracy of bladder ultrasonography in DO

mm
(continuous variable)

Dichotomisation
< 5 mm
> 5 mm

Trichotomisation
< 3 mm
3–5 mm
> 5 mm

Present
Absent

Consecutive women with frequency, 
urgency incontinence who do not
 have exclusion criteria (pure stress

 incontinence, UDS in 
the past 6 months, PVR > 100 ml,
 proven UTI in the past 4 weeks,

 POP > grade II or inability to comprehend)

Consent

Baseline tests (history, bladder diary, 
urine dipstick, QoL questionnaires)

Index test
BWT on bladder ultrasonography

(observer blinded to UDS)

Reference standard
Laboratory multichannel UDS

(observer blinded to 
bladder ultrasonography)

Follow-up after 6 months with QoL
questionnaires

ROC curve

BWT

DO

Accuracy output

Sensitivity/specificity
positve and negative

predictive value

Multilevel likelihood
ratios

Decision modelling and
economic evaluation

FIGURE 1 Study flow chart.
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Setting of tests
Urodynamics was carried out by health-care professionals (doctors or nurses) who routinely carry out the
procedure in clinical practice. The standard operating procedures (SOPs) (see Appendix 5) and quality
assurance processes are described in Chapter 3. For bladder ultrasonography (see Appendix 6), hands-on
training was delivered on site at each of the recruiting sites for the clinicians (doctors or sonographers) and
two training workshops were carried out at the Birmingham Women’s Hospital.

At centres where ultrasonography was undertaken in the UDS suite, the scan was performed at the same
clinic visit but by an independent trained observer blinded to the UDS result. At centres where the scan was
to be performed in the radiology department, both diagnostic tests were carried out within 4 weeks of each
other. Clinicians performing each of the tests were blinded to the results of the other. The operator
performing the UDS recorded the findings and the diagnosis in the UDS test pro forma and the operator
performing bladder ultrasonography recorded the BWT measurements in the bladder ultrasonography test.
The index test (bladder ultrasonography) was carried out in a scan suite and the UDS carried out in the UDS
suite in the majority of the centres. Both data collection forms were then collected by a research nurse/research
fellow co-ordinating the recruitment at each centre and were sent to the bladder ultrasonography trial office
(Birmingham Clinical Trials Unit) in a sealed envelope.

Index test: bladder wall thickness via ultrasonography
The BWT was measured from a transvaginal scan with the end-firing transvaginal probe in the sagittal plane
(midline) introduced 1 cm beyond the vaginal introitus in the midline. BWT measurement involved measuring
the inner and outer hyperechoic areas along with the hypoechoic detrusor sandwiched in the middle.49,95

When the inner and outer hyperechoic areas are excluded and the inner hypoechoic area only is measured, it is
classed as DWT. We measured BWT via the transvaginal approach at a volume < 30ml. The echo-poor central
area of the urethra was used as a landmark for BWT scanning. BWT was measured in millimetres using tools
provided on the ultrasonography machine at the following three sites perpendicular to the luminal surface of
the bladder (Figures 2 and 3):

1. The thickest part of the trigone.
2. The dome of the bladder in the midline.
3. The anterior wall of the bladder.

FIGURE 2 Bladder wall thickness measurement at trigone.
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For the purposes of this study, BWT was to be calculated as the mean of these three measurements. In
order to assess whether or not the mean of three values at the dome was similar to the value obtained on
dome, anterior wall and trigone, two further measurements of DWT 1 cm on either side of the dome
midline were also taken.

Reference standard: urodynamics
All women underwent UDS, using a standardised protocol in accordance with the GUP guidelines of the
International Continence Society.96 Participants attended the UDS clinic with a full bladder. Uroflowmetry
was performed with the woman voiding in private and recorded on a gravimetric flow meter. Filling cystometry
was then performed with the woman in sitting position. This was then followed by voiding cystometry with
the pressure lines in situ (see Appendix 5).

Sample size
A target sample size of 600 participants was determined a priori. The computation was based on
presuming a prevalence of 50% for DO,17 providing 300 women for the estimate of sensitivity and 300 for
the estimate of specificity. This allows estimation of sensitivities and specificities with 95% CIs of width
10% for sensitivity and specificity values between 70% and 95%, and narrower for higher values.

Data analysis
The primary analysis involved calculations of sensitivity, specificity, predictive values and likelihood ratios
(LRs) using a BWT of 5mm as a cut-off point (≥ 5mm indicating presence of DO, < 5mm indicating
absence of DO). BWT of 5mm was chosen as the cut-off point for discriminating DO based on the
evidence from previous studies49,97 and was pre-specified in the protocol.

Likelihood ratios for the following three ordered categories of BWT were also pre-specified: < 3mm,
≥ 3mm to < 5mm, ≥ 5mm.98 95% CIs were calculated using binomial exact methods. A ROC curve was
constructed and the area under the curve (AUC) computed (with 95% CI) to give an overall estimate
of BWT accuracy across all thresholds. Statistical significance was tested by comparing against the

FIGURE 3 Dome midline and two lateral measurements on either side.
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uninformative model (i.e. for which AUC= 0.5) using a non-parametric approach.99 The distributions of
BWT measurements in groups with and without a DO diagnosis were depicted using box-and-whisker
plots and mean values compared using a two-sample t-test.

A number of sensitivity analyses were performed on the primary population to test the robustness of the
results to protocol deviations and missing data. ROC curves and associated AUC values were computed for
each analysis. The analyses were:

1. Excluding those patients for whom it was revealed that the UDS test result was not blinded to the
results of ultrasonography (to exclude any possible diagnostic review bias).

2. Excluding those patients for whom it was calculated to be more than 4 weeks between index and
reference standard tests (to exclude any possible disease progression bias).

3. Including results of incomplete ultrasonographic measurements, that is when not all three components
of BWT were recorded (in these cases, if one or two measurements were missing, the average of the
remaining values was taken to be BWT; this was to exclude the impact of missing measures).

4. Replacing the original UDS diagnosis with that from the additional ambulatory UDS test when available
(this happened only in 14 instances, all from one centre; this analysis was intended to assess the impact
of this presumed more sensitive UDS than supine UDS).

5. Using the trigone measurement alone as BWT (to explore whether or not a single measurement was as
accurate as the mean of three locations).

6. Excluding those who had ‘provoked DO’ (detrusor pressure rise on provocation testing – 187 cases;
this was to assess the impact of iatrogenic DO).

7. Excluding those who had PVR of > 30ml on BWT testing (34 cases; this was to explore the impact of
those with minor degrees of incomplete emptying).

8. Taking the average of dome, 1 cm left of dome and 1 cm right of dome as BWT (to explore whether or
not measurements at this location improve accuracy).

In addition, some unplanned exploratory analyses were also performed to gauge the effect of changing
the population of interest and also to see which parameters were associated with DO diagnosis. The
populations explored were:

1. Women with urgency alone on clinical history (i.e. excluding those with mixed stress/urgency incontinence).
2. Women with ‘pure’ DO only (i.e. not alongside another diagnosis from UDS).
3. Women with ‘wet’ DO only (i.e. not including those with ‘dry’ DO).

Pre-planned subgroup analyses were also performed to compare test accuracy between subgroups.
ROC curves were created for each subgroup and associated AUC values compared using a large sample
chi-squared test for independent curves.100 The subgroups used here to dichotomise patient groups were:

1. Previous treatment with antimuscarinics.
2. A clinical history suggesting mixed incontinence.
3. Presence of a UTI in the previous 12 months.
4. Voiding difficulties.
5. Previous incontinence surgery.
6. Body mass index (BMI) (< 25 kg/m2, ≥ 25 kg/m2).

Exploratory analyses were undertaken to assess variables associated with a diagnosis of DO using logistic
regression. The above six subgroup variables were included along with pre-test International Consultation
on Incontinence modular Questionnaire (ICIQ) score, BWT, age, duration of symptoms, ethnicity, number
of vaginal deliveries, menopausal status, parity and previous POP surgery. Covariates were considered
individually and then in a multivariable analysis. Three multivariable models were constructed: one using all
possible explanatory variables, another using all possible explanatory variables but using a multiple
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imputation approach to generate missing responses101 and another using a backward-step process to
eliminate unimportant variables (a level of p= 0.1 was used here as criteria for staying in the model).
We also examined whether or not BWT had any relationship with baseline ICIQ-OAB score using a simple
linear regression model.

Results

Recruitment
Recruitment of participants started in March 2011 and closed in March 2013. A total of 1310 women
were approached. Six hundred and eighty seven women who were eligible and consented to participate
were recruited into the study from 22 centres (Table 2 and see Figure 23). This number was slightly higher
than the agreed sample size calculation to compensate for a small number of study withdrawals and
women without complete index and reference standard test results (Figure 4).

TABLE 2 Recruitment by centre

Recruiting centre Number Per cent

Birmingham Women’s Hospital 254 37

Medway Maritime Hospital, Kent 109 16

Mayday University Hospital, Croydon 92 13

Basingstoke and North Hampshire Hospital 30 4

St Mary’s Hospital, Manchester 26 4

Staffordshire General Hospital 26 4

Stepping Hill Hospital 25 4

Ormskirk and District General Hospital 19 3

New Cross Hospital, Wolverhampton 16 2

Royal Bournemouth General Hospital 16 2

The Alexandra Hospital, Redditch 14 2

City General Hospital (University Hospital of North Staffordshire) 10 1

Crosshouse Hospital, Ayrshire 9 1

Manor Hospital, Walsall 8 1

Northampton General Hospital 6 1

Royal Hallamshire Hospital, Sheffield 6 1

Derriford Hospital, Plymouth 5 1

Pinderfields General Hospital 4 1

St Mary’s Hospital, Paddington 4 1

Southern General Hospital, Glasgow 3 < 1

The Royal London Hospital 3 < 1

Sandwell General Hospital, Birmingham 2 < 1

Total 687 100
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Characteristics of participants
Characteristics of women who consented to take part in the study are shown in Table 3. The mean age of
women was 52.7 years (SD 13.9 years) and the average BMI was 30.6 kg/m2 (SD 12.2 kg/m2). A total of 55%
(378/687) of the women were post menopausal. According to the clinical history, 33% (226/687) reported
only urinary urgency without incontinence and 61% (419/687) had urgency-predominant MUI. The median
duration of symptoms was 3.0 years (IQR 1.6–7.0 years).

1310 women approached

687 women gave consent
to participate

666 complete reference
standard test UDS

21 women withdrawn from study

645 complete index test
(BWT)

11 further study withdrawals

1 index test complete but had
 missing reference standard

644 completed both stages
of testing

FIGURE 4 Participant flow diagram.

TABLE 3 Characteristics of included participants (n= 687)

Characteristic Category Value

Age (years) Mean (SD) 52.7 (13.9)

Missing 0 (–)

Ethnicity, n (%) White British/Irish/other 538 (78)

Asian Pakistani/Indian/Bangladeshi/other 72 (10)

Black Caribbean/African/other 49 (7)

Mixed/other 18 (3)

Not given/missing 10 (1)

Parity, n (%) 0 69 (10)

1 90 (13)

2 241 (35)

3 152 (22)

4 56 (8)

> 4 63 (9)

Missing 16 (2)

continued
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TABLE 3 Characteristics of included participants (n= 687) (continued )

Characteristic Category Value

Post menopausal (last menstrual
period > 1 year), n (%)

Yes 378 (55)

No 293 (43)

Missing 16 (2)

BMI (kg/m2) Mean (SD) 30.6 (12.2)

Missing 28

Incontinence type, n (%) MUI 419 (61)

Urgency incontinence alone 226 (33)

Stress incontinence alone 4 (1)

Neither 19 (3)

Missing 19 (3)

If mixed, which started first, n (%)
(N= 419)

Urgency 226 (54)

Stress 107 (26)

Unsure 54 (13)

Missing 32 (8)

Current or previous treatment with
antimuscarinics, n (%)

Yes 226 (33)

No 444 (65)

Missing 17 (2)

Recurrent cystitis (three or more in
last 12 months), n (%)

Yes 50 (7)

No 606 (88)

Missing 31 (5)

Voiding difficulties, n (%) Yes 286 (42)

No 374 (54)

Missing 27 (4)

Vaginal birth, n (%) Yes 561 (82)

No 95 (14)

Missing 31 (5)

Previous incontinence surgery, n (%) Yes 36 (5)

No 623 (91)

Missing 28 (4)

Previous POP/UI surgery, n (%) Yes 56 (8)

No 603 (88)

Missing 28 (4)
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The reference standard: urodynamics
The number of participants with a complete reference standard diagnosis was 666/687 (97%). The other
21 (3%) decided to withdraw from the study before any testing could take place (see Figure 4). Details of
the findings in these tests are given in Table 4. Of these, 399 (60%) were diagnosed with DO (95% CI
56% to 64%) (Table 5). Of the 399, 245 were given further subdiagnosis of ‘wet’ DO (61%) and 154 as
‘dry’ DO (39%). The participants also had their DO diagnosis subcategorised as phasic ‘spontaneous’ DO
(detrusor contraction during the filling phase: 182/369, 49%; 30 observations missing), provoked DO
(if the detrusor contraction occurred during or after provocative measures such as cough, running water or
immersion of hands in cold water: 56/369, 15%) or both spontaneous and provoked (131/369, 36%).

TABLE 4 Measurements from UDS tests (n= 666)

Uroflowmetry

Number of women (%) for binary data,
median (IQR) for continuous data,
n values recorded

Patient had comfortably full bladder, yes, n/N (%) 502/655 (77)

Volume voided (ml), n (IQR) 129 (58 to 245), n= 627

PVR volume (ml), n (IQR) 10 (2 to 40), n= 619

Maximum flow rate (ml/seconds) 16 (9 to 25), n= 596

Filling cystometry

Patient in recommended sitting position for test, yes, n/N (%) 457/664 (69)

Fill rate (ml/min), n (IQR) 100 (70 to 100), n= 660

First desire (ml), n (IQR) 135 (84 to 197), n= 644

Normal desire (ml), n (IQR) 200 (140 to 268), n= 587

Strong desire (ml), n (IQR) 272 (199 to 357), n= 562

Pain (if reported) (ml), n (IQR) 300 (203 to 395), n= 154

Leakage (if applicable) (ml), n (IQR) 10 (0 to 100), n= 229

Total volume in bladder at the end of filling (ml), n (IQR) 421 (314 to 498), n= 639

Rise in detrusor pressure upon filling, yes, n/N (%) 350/598 (59)

Detrusor pressure at start (cm H2O), n (IQR) 0 (–1 to 1), n= 638

Detrusor pressure rise on filling to 500ml (cm H2O), n (IQR) 12 (6 to 21), n= 576

Detrusor pressure rise when complaint of urgency (cm H2O), n (IQR) 12 (5 to 21), n= 557

Provocation test (when performed)

Detrusor pressure rise with cough, yes, n/N (%) 101/517 (20)

Detrusor pressure rise with running tap, yes, n/N (%) 119/367 (32)

Detrusor pressure rise with exercise, n/N (%) 39/124 (31)

Voiding cystometry

Peak flow rate (ml/seconds), n (IQR) 20 (15 to 28), n= 624

Maximum voiding pressure (cm H2O), n (IQR) 41 (29 to 60), n= 577

Residual volume (ml), n (IQR) 0 (0 to 20), n= 540
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The index test: bladder wall thickness
The number of participants with all three BWT measurements (trigone, dome midline, anterior wall
midline) available was 645 (94%). Eleven patients had withdrawn after having UDS but prior to
ultrasonography (see Figure 4) and a further 10 (1%) had partial measurements recorded (nine with
two out of the three measurements and one with one of the three measurements). Summary statistics
and distribution of BWT are provided in Table 6 and Figure 5.

TABLE 5 Summary of all urodynamic diagnoses

Urodynamic diagnosis Number of women (%), n= 666

Including DO (n = 399)

DO only 258 (39)

DO/USI 97 (15)

DO/VD 18 (3)

DO/VD/USI 12 (2)

DO/low compliance 8 (1)

DO/USI/low compliance 5 (1)

DO/VD/USI/low compliance 1 (< 1)

Not including DO (n = 267)

Normal 124 (19)

USI only 78 (12)

Low compliance only 36 (5)

VD only 14 (2)

VD/USI 8 (1)

USI/low compliance 6 (1)

VD/low compliance 1 (< 1)

TABLE 6 Bladder wall thickness (mm) summary statistics

Measurement Mean (SD), n Minimum, maximum

(a) Trigone 4.51 (1.50), 649 0.70, 9.90

(b) Dome midline 5.00 (1.67), 654 1.30, 11.90

(c) Anterior wall midline 4.85 (1.53), 651 1.00, 11.30

Average (a, b, c) 4.78 (1.34), 645 1.07, 9.60

(d) Dome 1 cm left 4.84 (1.69), 641 1.20, 12.10

Average (a, d, c) 4.73 (1.32), 631 0.97, 10.13

(e) Dome 1 cm right 5.00 (1.76), 639 1.10, 10.80

Average (a, e, c) 4.78 (1.36), 629 1.10, 10.50
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Timing and safety of tests
Six hundred and forty-four participants had both complete index and reference standard results (one had a
complete index test but was missing their reference standard, see Figure 4). Of these, 439/644 (68%)
had both BWT and UDS performed on the same day. Only a small proportion (26/644, 4%) were performed
more than 4 weeks apart. Ninety-seven per cent of reference tests (616/632, 12 observations missing) were
confirmed as being blind to the index test. No serious adverse events were reported following either test,
although 49/479 (10%) of those responding reported having a UTI within 2 weeks of testing at a
6-month follow-up. Seventy five per cent (36/48, one observation missing) of these were diagnosed by
a general practitioner (GP) or in a hospital and resulted in antibiotic use in 83% of cases (39/47,
two observations missing).

Estimates of test accuracy
Estimation of the accuracy of BWT showed poor sensitivity, specificity and LRs at all pre-specified cut-off
points of 5mm, < 3mm/3–5mm/≥ 5mm (Tables 7–9). The ROC curve (Figure 6) showed no evidence
of discrimination at any threshold between those with and without DO (p= 0.25); the AUC was 0.53,
95% CI 0.48 to 0.57. Furthermore, there was no evidence that the mean BWT measurements were any
higher in the DO-positive group than the DO-negative group: 4.85mm (SD 1.36mm) versus 4.70mm
(SD 1.29mm); p= 0.19 (Figure 7) or that it had any relationship with ICIQ-OAB symptoms score when
measured at presentation (r= –0.01; p= 0.88).

The planned and unplanned sensitivity analysis described above did not change the interpretation of these
findings (see Appendix 2, Figure 23 and Appendix 3, Figures 24–36). There was some evidence, albeit
weak, that those diagnosed with ‘wet’ DO had higher BWT than those with ‘dry’ DO (wet 4.94mm vs. dry
4.69mm; p= 0.08) (see Appendix 3, Figure 32). However, when the BWT for the wet DO group was
analysed alone, the AUC was only 0.55, 95% CI 0.50 to 0.59. There was no evidence that BWT performed
any differently in any of the pre-specified subgroups (see Table 45).
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FIGURE 5 Histogram of BWT measurements (average: trigone/dome midline/anterior wall).

TABLE 7 Comparison of index and reference standard results: dichotomised at 5mm

Reference standard (UDS)

DO Non-DO Total

Index test: BWT by
ultrasonography

Positive result (≥ 5mm) 165 98 263 (41%)

Negative result (< 5mm) 223 158 381 (59%)

Total 388 (60%) 256 (40%) 644
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TABLE 9 Estimates of BWT test accuracy: trichotomised at 3mm, 3–5mm and ≥ 5mm

Reference standard (UDS)

LR 95% CIDO Non-DO Total

Index test: BWT by
ultrasonography

Result > 5mm 165 98 263 1.11 0.92 to 1.35

Result 3–5mm 193 132 325 0.96 0.83 to 1.13

Result < 3mm 30 26 56 0.76 0.46 to 1.26

Total 388 (60%) 256 (40%) 644

TABLE 8 Estimates of BWT test accuracy: dichotomised at 5mm

Accuracy parameter Value 95% CI

Sensitivity 43% 38% to 48%

Specificity 62% 55% to 68%

PPV 63% 57% to 69%

NPV 41% 36% to 47%

LR+ 1.11 0.92 to 1.35

LR– 0.93 0.82 to 1.06

NVP, negative predictive value; PPV, positive predictive value.
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FIGURE 6 Receiver operating curve analysis for BWT. AUC= 0.5267.
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In the multivariable exploration of factors possibly associated with DO diagnosis, only higher baseline
ICIQ score (i.e. worse symptoms) was associated with DO [odds ratio (OR) 1.21, 95% CI 1.13 to 1.29;
p< 0.0001 from the model including all possible variables], that is, the odds of DO diagnosis were
increased by 21% for every point increase in ICIQ score. Previous treatment with antimuscarinics and
previous history of UTI in the previous 12 months also showed some relationship but these were of
borderline statistical significance (see Tables 46 and 47). Despite the evidence of association between ICIQ
score and DO diagnosis, ICIQ was not found to be an accurate predictor of DO with an AUC of 0.65
(95% CI 0.61 to 0.70).

Discussion

Summary of main findings
To date, BUS is the largest diagnostic accuracy study evaluating the diagnostic accuracy of BWT to diagnose
DO in women with symptoms of OAB and using transvaginal ultrasonography with a near empty bladder.
We could not find any evidence that BWT was of any clinical benefit in women with DO, indeed it appeared
to be no better than chance at making this diagnosis with an AUC of 0.53 (95% CI 0.48 to 0.57). Extensive
sensitivity analyses and subgroup analyses were carried out but did not alter the interpretation of these
findings. Furthermore, BWT had no relationship to ICIQ score upon presentation, indicating that it has no
relationship with symptom severity. ICIQ score was shown to have some relationship with DO diagnosis.
Based on this evidence, we conclude that BWT is not a useful test in diagnosing DO.

Strengths and limitations of methods
The validity of our findings relied on the quality of the study. The protocol pre-specified key study methods
and analyses and was peer reviewed. The study was undertaken with independent oversight with biannual
meetings of independent Data Monitoring Committee (DMC) and Study Steering Committees. Blinding
of operators performing bladder ultrasonography and UDS was ensured for 97% of the women recruited into
the study. Verification bias was minimised by incorporating a complete verification design. Disease progression
bias was minimised by conducting BWT and UDS within a short time span of each other, often within the same
day. The spectrum variation (recruiting women with varying degree of severity of OAB or urgency-predominant
MUI) was a strength of the design, assuring the applicability of the findings to NHS practice.

The study was powered to ensure that estimates of sensitivity and specificity would be made with
adequate precision to draw robust conclusions and we recruited beyond the target. Participants in the
study were recruited from several centres (university teaching and district general hospitals). Women were
of mixed ages, ethnicities and social background, and were recruited from various parts of the UK.
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FIGURE 7 Box and whisker plot comparing BWT with DO diagnosis.
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The prevalence of DO in our study was 60%, which was similar to other studies (48% of ‘OAB dry’ and
58% of ‘OAB wet’ women were found to have DO on UDS).102 The adverse events in our study were
UTI in 10% of the population following the UDS procedure. The post UDS rate of UTI was very similar to
the other studies so far.103

As bladder ultrasonography is a relatively new transvaginal scan technique, concerns may be raised
on the quality of scan measurements in the study. However, the technique is straightforward to perform
with the urinary bladder being an anterior and relatively superficial midline structure. To standardise the
performance of bladder ultrasonography, we developed a SOP (see Appendix 5) for carrying out
ultrasonography and provided hands-on training at individual recruitment sites to our co-investigators and
organised two workshops on BWT measurements. The chief investigator and clinical research fellow were
assessed by the main recruiting centre consultant radiologist of 14 years’ experience in the technique of
BWT measurement. The collaborators had to be signed off as competent by the chief investigator or
clinical research fellow once they had completed at least five scans before recruiting patients into
the study.

Good site-to-site reliability is essential for multicentre clinical trials using UDS. With the use of continuous
quality improvement and training on standardised urodynamic testing procedures and interpretation
guidelines, the technical quality of urodynamic findings were improved.104 To improve reliability of our
gold standard test UDS, we used various proactive measures such as standard urodynamic testing
protocols, standard interpretation guidelines and auditing the traces centrally every 6 months to ensure
ongoing quality assurance. We are therefore confident of the methods and hence the results.

Concerns about the reference standard
Accuracy measures express how the results of the test under evaluation agree with the outcome of the
reference standard. Estimates of diagnostic accuracy are directly influenced by the quality of the reference
standard.105 When the accuracy of the reference standard is unknown, or known to be imperfect, estimates
of the sensitivity and specificity or AUC for new diagnostic tests will be biased as misclassifications in the
reference standard diagnosis will have been misattributed to errors made by the index test. Our reference
standard, UDS, has been shown to have less than perfect reproducibility in previous studies in patients with
OAB106,107 and also in healthy women.108,109 When estimating the test accuracy of BWT against an imperfect
reference standard (UDS), the accuracy of BWT may have been biased to an unknown degree, or submerged
in the ‘noise’ from the imperfect reference standard. However, the poor accuracy for BWT elicited in our
study is unlikely to have been entirely caused by misclassifications made by UDS, as there was no significant
relationship between BWT measurements and grades of DO severity or subsequent treatment responses
(see Chapter 6). When the test values do not differ among those with varying grades of the target condition,
it can be inferred that the lack of accuracy may be an inherent feature of the index test.

Evidence of the misclassification rates for UDS comes from several studies.110,111 Homma et al.107 undertook
repeat UDS in DO patients within 2–4 weeks to study reproducibility. There was increase in the volume
variables by 10–13% (p< 0.01), absence of involuntary contractions (10%) and a reduction in the
maximum detrusor pressure by 18% during the repeat urodynamic test indicating poor reproducibility.107

In a study of 59 healthy women without LUTS, UDS was repeated immediately after the initial test without
removing the catheters and then again 1–5 months later. The mean difference was dispersed away from
zero in both immediate and short-term reproducibility indicating poor reproducibility.112

Placing the results in the context of other research
In an update of the systematic review on the diagnostic accuracy of BWT in diagnosing DO (unpublished
data: Suneetha Rachaneni, University of Birmingham, 2015) 21 studies28,49–59,72,97,113–119 have been identified
that have investigated the relationship between BWT measured by ultrasonography and DO, results from
which for the sensitivity, specificity and AUC for bladder ultrasonography vary from 37% to 91%, 61% to
97% and 0.61–0.91, respectively (see Appendix 7). The studies draw mixed conclusions, ranging from
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claims that bladder ultrasonography is highly diagnostic, to finding statistically significant but diagnostically
weak relationships, to finding no relationship at all.49,51,54,57,72,117 Our study is the most conclusively negative
study of the diagnostic value of bladder ultrasonography to date.

Initial studies have shown transvaginal BWT to be an accurate diagnostic marker for DO.44,49 For a mean
BWT cut-off point of 5mm, the specificity was calculated to be 89% (95% CI 78.8% to 96.11%) with a
sensitivity of 84% (95% CI 75.8% to 89.7%).49 However, this study used ambulatory UDS (in patients who
had normal video UDS) as a secondary diagnostic test in 25% of the study population and this introduced
workup bias that might have resulted in inaccurate estimation of sensitivity and specificity of BWT.

Many of the other studies have differences in the tests used and the populations studied and
methodological weaknesses, which may explain why their results vary and differ from the finding of this
prospective study. Poor reporting renders it difficult to make comparisons with findings in 10 studies that
did not report estimates of sensitivity, specificity or area under the ROC curve. These studies typically
compared the mean BWT between diagnostic groups and did not interpret the findings against a
positivity threshold.

Eight of the studies did not use transvaginal ultrasonography,28,50,51,56,57,114,116,119 but instead used transabdominal
or translabial ultrasonography. Some transabdominal ultrasonography studies included men as well as women
and usually were undertaken with a full bladder leading to much smaller measures of mean BWT.116,119

Ten studies made comparisons with healthy controls,28,50,55–59,114–116 two others excluded patients with
MUI54,117 and one other enriched with women with equivocal UDS findings.52 One was undertaken in
patients with spinal injuries.119 It is known that altering the spectrum of patients from that encountered in
practice will influence estimates of sensitivity and specificity.120 Exclusion of the MUI cases and inclusion
of healthy controls will lead to overestimation of test accuracy; enrichment of difficult to diagnose cases
will underestimate test accuracy.

A key difference between the BUS and all others is the focus on the accuracy of ultrasonography in women
who do not have signs of pure SUI. Women with SUI diagnosed by symptoms and diary usually proceed to
treatment without further diagnostic investigation, including UDS.36 Thus, ultrasonography has no role in
this group. The BUS focused on identifying women with DO among those who have urgency or mixed
incontinence, for which UDS currently is used, to assess whether or not ultrasonography can replace UDS in
this context. Women in whom SUI is diagnosed clinically, by symptoms and bladder diary responses, usually
proceed to treatment without further diagnostic investigation, including UDS.36 Thus, ultrasonography has no
role in this group. Studies that have assessed the value of ultrasonography to differentiate between pure SUI
and OAB have addressed a question that is no longer relevant to clinical practice.

In summary, our study was the largest prospective study to date, it is the only study that recruited a
representative sample of women presenting with an urgency-dominant complaint (others have recruited
other wider groups), and used service-based (but trained and quality assured) ultrasonography services
from across many centres (whereas other studies were all single centre and often tertiary centre based).

Variation in technique of transvaginal bladder wall scanning
Our technique of measuring BWT in the sagittal plane with a transvaginal probe placed at the introitus
was easy to learn and perform with visualisation of the urethra as the landmark. Previous studies have
described parasagittal measurements of BWT at three places on the bladder wall, with the calculation of
an average BWT.41,109 In one study, DWT instead of BWT was measured by transperineal scanning.51

The rest of the studies have used transabdominal scanning at various bladder volumes, but we rejected
this technique on account of the greater reported interobserver variation.71
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Interpretation of findings
Measuring BWT is not accurate enough to consistently identify those with DO and hence it will not be
helpful in reducing the need for UDS. It is believed that spontaneous DO is secondary to pathology in
detrusor muscle whereas provoked DO is caused by pathology in the bladder neck. Provoked DO, which
was previously called urethral instability, could be caused by primary urethral aetiology or some unknown
pathology.121 As women with spontaneous DO are known to respond better to antimuscarinic treatment122

than those with provoked DO or urethral instability, we carried out sensitivity analyses to evaluate diagnostic
accuracy of BWT excluding those with provoked DO. Similar to findings in the study by Serati,113 we did not
find any difference in BWT in spontaneous and provoked DO groups.113

Implications for practice
Given the poor performance for BWT as tool for diagnosing DO, BWT cannot be recommended as a
replacement test for UDS.

Recommendations for research
There is some emerging evidence in the literature that the response to invasive therapies may be similar
in patients with frequency and urgency with or without urgency incontinence, with or without the
observation of DO on UDS.123–125 The necessity to diagnose DO on UDS and its role in improving
patient-related outcome measures needs to be evaluated in future diagnostic RCTs.
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Chapter 3 Quality control of the urodynamics

Introduction

Objectives
The objectives of this part of the study were as follows:

1. To audit the quality of UDS traces submitted to the study office at the University of Birmingham Clinical
Trials Unit as the reference standard for the patients in the BUS.

2. To assess whether or not recommended changes in UDS practice had been implemented following an
initial audit among the recruiting centres for the BUS.

Methods

Urodynamic studies
Urodynamic studies were to be performed in a standardised manner as per the GUP guidelines from the
International Continence Society6 and a SOP that had been produced for the study based on this
(see Chapter 2, The reference standard: urodynamics). For patients at the main centre (Birmingham
Women’s Hospital), according to the study protocol, patients were offered ambulatory UDS if they had
a normal result from standard multichannel UDS.

Assessment of protocol compliance
An assessment of compliance with the UDS SOP for the BUS and with GUP was performed on 64 (20%) of
the first 302 UDS traces received at the study office, between May 2011 and May 2012.

An expert panel, comprising a consultant in urogynaecology and a urogynaecology research nurse from
the lead centre, assessed the traces independently. They were blinded to the investigator’s UDS diagnosis,
the UDS operator and centre providing the trace, to minimise any bias in the assessment. All participating
sites were audited regarding the urodynamic technique used throughout the study.

Traces were randomly selected by the BUS trial co-ordinator from traces supplied by each of the recruiting
hospitals, as suggested by the DMC. The expert panel rereviewed UDS traces they had undertaken
(the lead centre recruited 37% of all participants into the BUS) but were not aware of which traces were
from the lead centre.

Following review, the requirements of the UDS SOP were reiterated to recruiting centres via e-mails and a
newsletter and also discussed at BUS training days, which were held 3 months and 15 months into the
recruitment period. A total of 6 months after the initial audit, a second audit (June 2012 to December 2012)
was performed on a further 60 traces.
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Audit standards for urodynamic studies
The traces were reviewed to assess the presence of the following criteria:

l adequate subtraction prior to filling cystometry (i.e. initially bladder and rectal catheters should be zero
when open to atmosphere, at the level of upper symphysis)

l sitting position during filling cystometry (recommended as per study protocol)
l the cystometry filling rate was 100ml/minute to begin with (then slowed as and if necessary)
l a cough pre-void
l a cough post void
l presence of one cough per minute to assess ongoing adequate subtraction of intravesical and

abdominal pressures.

In addition, agreement of initial diagnosis between study investigator and expert panel was assessed.
The expert panel determined a diagnosis of USI, DO, low compliance, VD or normal, or combinations of
these diagnoses.

Results

Between May 2011 and December 2012, a total of 124 UDS traces were reviewed against the UDS SOP
criteria, Table 10 illustrates the result of the overall quality control check in UDS.

The initial urodynamic diagnoses given by the study investigator was consistent with the two assessors in
the expert panel in 86% of cases, which improved, following the feedback given to all investigators,
to 95% of cases. There was also improvement in the compliance with the repeated coughing, which was
necessary to calibrate the traces. Despite reiterating that the sitting position is recommended for filling
cystometry, compliance decreased following the second audit, although this could be a spurious finding
from the small sample reviewed.

Out of 68 patients who had a normal UDS at Birmingham Women’s Hospital, 14 accepted the option of
having an additional test in the form of ambulatory UDS and, of these, seven had a DO diagnosis.

TABLE 10 Comparison between audit and reaudit compliance of UDS traces

Recommended actions in SOP
Audit May 2011 to
May 2012 (%), n= 64

Reaudit June 2012 to
December 2012 (%), n= 60

Adequate baseline zeroing pressures 60 (93.7) 57 (95)

Filling in sitting position 49 (76.5) 38 (63.3)

Cystometry filling rate 100ml/minute 31 (48.4) 43 (71.6)

Cough pre-void 49 (70.3) 60 (100)

Cough post void 23 (35.9) 45 (75)

Cough per minute 49 (70.3) 58 (96.6)

Agreement between urodynamic diagnoses 55 (85.9) 57 (95)
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Discussion

The results of this audit show that reiteration of SOP had a positive impact on the quality of UDS carried
out within the BUS. Training and education through the use of e-mails, newsletters and study site visits
significantly raised the compliance with the GUP guidelines and the study UDS SOP.

The strengths of this audit include anonymisation of the centre and UDS operator, availability of clear
standards in the form of SOPs, predefined audit criteria and the closure of the audit loop via feedback.
A larger audit, including all the UDS tests conducted in the BUS could have been carried out to provide
greater reassurance, but the DMC were reassured that a representative sample of UDS tests was reviewed
and the quality of the UDS was adequate.

Kraus et al.126 have identified that clinical trials using UDS as outcomes require additional standardised
procedures to ensure that intersite variability is limited and kept to a minimum. To maintain reliability
of urodynamic data, there should be standardisation of urodynamic technique, interpretation and
performance. Multicentre urodynamic studies require a continuous quality control process, with audits,
multidisciplinary team meetings and refresher training to reinforce the initial training. Our audit results
demonstrate that ongoing education and training is paramount in the implementation of clinical guidelines
and SOPs for UDS, and via regular communication with the recruiting centres, discrepancies were
minimised, resulting in improved reliability of UDS diagnosis. Currently, urodynamic training in the UK is
varied and ranges from bedside training, a certificate course, to individual study days. All centres should
share the same course content in order to achieve standardisation.

There are a number of factors that may influence the detection of DO.127 For example, if a poor technique
is implemented the results may become compromised or misleading. Emphasis should be made on the
patient’s position during the filling cystometry phase of the UDS procedure. It is known that most patients
with OAB caused by DO complain about their symptoms while in the sitting or standing position.127

A study by Arunkalaivanan et al.128 found that in 96 women with LUTS, 55% (n= 53/96) of them were
diagnosed with DO while in the sitting position. In contrast, only 9% (n= 9/96) had the same diagnosis
while in the supine position. Filling is often performed between 50ml/minute and 100ml/minute96 to
improve the DO pick-up rate. In order to correlate symptoms and diagnosis, the filling rate specified within
our SOP complied with the GUP guidelines.

Clinicians can maximise the chance of reproducing the patient’s symptoms by using provocation measures
such as coughing, running hands under water and jogging.96,128

Conclusion

The results of this audit have demonstrated a positive change in urodynamic practice as a direct result of
reinforcing the importance of adhering to guidelines of clinical practice and procedures, and that the
UDS process was judged as adequate by the DMC. The results of the audit and a reminder about the SOP
and GUP recommendations were shared with the BUS investigators via newsletters, e-mails, site visits and
training days. Reiterating information and results can increase the level of adherence in the technique of
performing the test. Ongoing audits of the technique and interpretations of UDS are necessary to maintain
the high standards and reliability of the test.
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Chapter 4 Reproducibility of bladder wall
ultrasonography

Aims

The aim of the repeatability and reproducibility studies was to assess whether or not measurements of
BWT made using transvaginal ultrasonography were adequately reliable and reproducible, and thus likely
to detect differences in BWT potentially indicative of disease. There were three key objectives:

1. To estimate the intraobserver measurement error in interpreting images by comparing blinded duplicate
assessments of images by a single observer.

2. To estimate the interobserver measurement error in interpreting images by comparing blinded duplicate
assessments of images by different observers.

3. To estimate the interobserver measurement error in the complete scanning and interpretation process
by comparing measurements made by different observers using different scans made on women on
two separate occasions.

Methods

Participants were a subset of those who were recruited to the BUS (for eligibility criteria see Chapter 2,
Methods). On days in which a second observer was available, women who agreed to have two
transvaginal scans by different operators were recruited into the study evaluating the reproducibility of
scans. For the studies evaluating the reproducibility of the interpretation of scans, random selections
of images were sent by the recruiting centres at the request of the trial co-ordinator.

Measurements of BWT at the trigone, dome midline and anterior wall midline were made as per a SOP using
a two-dimensional transvaginal end-firing probe (detailed in Chapter 2, Index test: bladder wall thickness via
ultrasonography and also see Figure 3). The reported BWT measurement was defined as the mean of the
measurements made at the three locations [(trigone+ dome midline+ anterior wall midline)/3]. The process of
measurement requires placing a calliper reference point on the image, using a mouse-operated cursor on the
electronic image, at the interface between the bladder wall and the adjacent tissue or lumen. The computer
software for the ultrasonography machine calculates the BWT using internal calibration algorithms and reports
the thickness in millimetres. Images can be saved with and without the calliper points and reported thickness.

Three substudies were undertaken to address the three objectives.

In substudy A, BWT was measured on 37 ultrasound images from individual participants. Repeat measurements
were made by the same observer on the same images 6–12 months later. All second measurements were
made blind to the original measurement, using images without calliper marks. All images were from the
Birmingham Women’s Hospital and were measured on the scan machine. The measurement process was the
same from the beginning to the end of the study and includes repeat measurements. All measurements
complied with the SOP.

In substudy B, BWT was measured on ultrasound images from 57 individual participants by a single
observer. Repeated measurements were made by one of a further five different observers on the same
images, such that there were duplicate measures for each image (Table 11). All second measurements
were made blind to the original measurement, using images without calliper marks. Images from the
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Birmingham Women’s Hospital were measured on the scan machine and those performed elsewhere were
measured using Digital Imaging and Communications in Medicine (DICOM) viewing software.

In substudy C, 27 women underwent two separate ultrasonography sessions undertaken by different
observers. The second scan and measurements of BWT were made blind to measurements of the
first observer. Three observers were used in total; all women received scans from observer 1 and also
either observer 2 or observer 3. The experience of the ultrasonography operators is detailed in Table 11.

Statistical analysis
For each study, BWT measurements were analysed using one-way analysis of variance (ANOVA). One-way
ANOVA decomposes the total variation observed (SD2

T ) into that originating from differences between
women (SD2

I – individual variability) and that caused by the measurement process (SD2
A – analytical

variability). The estimates are linked as SDT =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

A þ SD2
I

p
. The SD for analytical variability, SDA estimates

the measurement error.

Two further statistics were computed from these values. The intraclass correlation coefficient (ICC)
describes the fraction of the total variance in BWT measurements owing to individual rather than analytical
variation (SD2

I =SD
2
T ). ICC values lie between zero and one; measurements that are reliable have ICCs

approaching one, as the signals (the individual variation) dominate the noise (the analytical variation).

The repeatability coefficient describes the smallest real difference that can be detected with a specified
degree of certainty between two measurements and is computed as

ffiffiffi
2

p
Z

ffiffiffiffiffiffiffiffi
SD2

A

q
(in which Z takes the value

of 1.96 for a difference which has 95% certainty of being a real effect and not measurement error).
Smallest real difference values are given in the units of the original measurement.

The above analyses were all undertaken assuming exchangeability of observers, that is, that the ordering
of the measurements has no relevance. Generalisability of these findings relies on the observers being
presumed to be representative of those who would make the measurements in practice.

For the purpose of graphical display only, we also display the data in scatterplots and Bland–Altman plots to
demonstrate the distribution of measurements and differences between measurements (see Figures 8–13).
For these analyses assignment of measurements to particular observers is important. In substudy A, there is
a logical choice for the first and second measurements, and the distribution of these differences is
of interest. In substudies B and C, measurements made by observer 1 were arbitrarily taken as the first
measurement (referred to in Figures 10 and 12 as operator A1) and remaining observers 2 to 6 were taken
as the second measurement (referred to in Figures 10 and 12 as operators A2 or A3, respectively).

TABLE 11 Details the experience of the observers in the substudies

Study Observer and location
‘Skill level’ (years of experience
in obstetrics and gynaecology)

Substudy A Observer 1: Birmingham (n= 37 × 2) 15

Substudy B Observer 1: Birmingham (n= 57) 15

Observer 2: Birmingham (n= 34) 10

Observer 3: Birmingham (n= 4) 5

Observers 4–6: Bournemouth (n= 7),
St Mary’s (n= 4), Medway (n= 8)

7–20

Substudy C Observer 1: Birmingham (n= 27) 15

Observer 2: Birmingham (n= 16) 15

Observer 3: Birmingham (n= 11) 10
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Results

A total of 121 women took part in the substudies. The distribution of BWT measures are shown in Table 12.
The mean and SD of the BWT measures in each substudy were similar to that of the BUS cohort. Ranges in
the substudies were lower, which is expected as ranges increase with sample size.

Substudy A: intraobserver repeatability of the same scans
Paired measurements were available for 37 women. The scatter of measurements is shown in Figure 8 and
the distribution of differences in measurements in Figure 9. The later measurements were, on average,
higher than the earlier measurements by 0.35mm (95% CI 0.19mm to 0.51mm; p< 0.0001) but without
any evidence of a relationship between error and the mean BWT value. Differences in measurements of
up to 1.5mm were observed.

The SD for the analytical variation for intraobserver variability was estimated as 0.42mm (Table 13). This
level of variability compares with a SD of 1.04mm between individual differences, thus 86% of the total
variability observed is attributed to individual variability and 14% to measurement error. With this level of
measurement error, differences of over 1.16mm are 95% likely to be real for this single assessor.

TABLE 12 Comparison of distribution of BWT measures between the full bladder ultrasonography and
the substudies

Study Observer

BWT (mm)

n Mean SD Range

BUS Multicentre study 645 4.78 1.34 1.07–9.60

Substudy A Measurement 1 37 5.60 1.14 3.40–7.73

Measurement 2 37 5.95 1.08 4.00–8.03

Substudy B Observer 1 57 5.05 1.30 2.10–7.53

Observers 2–6 57 5.07 1.26 2.27–7.33

Substudy C Observer 1 27 4.86 1.04 2.77–7.17

Observers 2–3 27 4.73 1.38 1.83–7.43
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FIGURE 8 Scatterplot for substudy A.
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Substudy B: interobserver repeatability of the same scans
Paired assessments were available for 57 women made by six different observers. The distribution of
measurements and differences are shown in Figures 10 and 11. Differences as large as 2mm were observed.

The SD for the analytical variation for intraobserver variability was estimated as 0.35mm (see Table 13).
This level of variability compares with a SD of 1.23mm between individuals, thus 93% of the total
variability observed is attributed to individual variability and 7% to measurement error. With this level of
measurement error, differences made by assessors similar to these would need to be at least 0.97mm to
be 95% likely to be real.

–3

–2

–1

0

1

2

3

2 3 4 5 6 7 8 9

D
if

fe
re

n
ce

 in
 B

W
T 

(m
m

)

Mean of BWT (mm)

Mean
difference 

Upper LOA

Lower LOA

FIGURE 9 Bland–Altman analysis for substudy A (limits of agreement and 95% CIs shown). LOA, limit
of agreement.

TABLE 13 Estimates of measures of analytical and individual variability

Substudy
Individual variability
SD (mm)

Analytical variability
SD (mm) ICC (95% CI)

Smallest real
difference (mm)

Substudy A (intraobserver
interpretation of same scans)

1.04 0.42 0.86 (0.75 to 0.92) 1.16

Substudy B (interobserver
interpretation of same scans)

1.23 0.35 0.93 (0.88 to 0.96) 0.97

Substudy C (interobserver
measures from repeated scans)

0.95 0.76 0.61 (0.32 to 0.80) 2.11
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FIGURE 10 Scatterplot for substudy B.
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Substudy C: interobserver repeatability of different scans
Paired measurements were made for 27 women using three different observers. The design of substudy C
included estimation of variation occurring from repeated scans together with the interpretation of scans.
The distribution of measurements is shown in Figure 12 and distribution of differences in Figure 13.
Maximum differences were again around 2mm, but they were more common in this substudy than in
previous substudies A and B.

The SD for the analytical variation for intravariability of repeated scans was estimated as 0.76mm (see
Table 13). This level of variability compares with a SD of 0.95mm between individuals, thus 61% of the
total variability observed is attributed to individual variability and 39% to measurement error. With this
level of measurement error, differences made by assessors similar to these would need to be at least
2.11mm to be 95% likely to be real.
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FIGURE 11 Bland–Altman analysis for substudy B.
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FIGURE 12 Scatterplot for substudy C.
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Discussion

Main findings
We undertook three separate studies to investigate the reliability and repeatability of measurements of
BWT using transvaginal ultrasonography. Our analyses have found that differences of < 2mm in BWT
cannot be safely interpreted as indicating real differences in BWT, such differences are in the realms of
those attributable to analytical variability (measurement error). The substudies were also designed to
identify the magnitude of the possible sources of the analytical variability. We observed that the process of
interpreting scans introduces measurement error of around 1mm, suggesting that the remaining 1mm is
attributable to a combination of the scanning process and biological variability.

We did not assess whether or not the differences in interpreting the scans arose because of within-observer
or between-observer variability. Surprisingly, our estimate of intraobserver variation is greater than that of
interobserver variation. As the study samples are not large, and different scans were assessed for these
repeat intraobserver measurements, this observation potentially could be explained by the play of chance
or confounding. However, problems were also experienced with the quality of recorded images used in
substudies A and B from the Birmingham Women’s hospital which were not saved using DICOM software,
which may explain this observation and may also explain the finding that second reads of scans in substudy
A gave, on average, BWT measures of 0.6mm greater than the original.

Findings in the context of existing data
Six previous studies on reliability and reproducibility of BWT have used a variety of ultrasonography
techniques, including transabdominal56 and translabial51 as well as transvaginal44,56,72,129 (as summarised in
Appendix 8). Several of these studies investigated women with different or a mixture of aetiologies, or
used levels of bladder filling. Of the transvaginal ultrasonography studies, only two56,72 included assessment
of repeated scans as in our third substudy, evaluating 10 and 25 women, respectively. The other two
studies44,129 only evaluated the reproducibility of image interpretation (as in our first and second substudy)
based on repeated assessment of 10 and 1544 images, respectively.

Comparison of findings between these previous studies and the BUS is complicated owing to the common
inappropriate use of Bland–Altman analyses and Pearson’s correlation coefficients. Neither of these
methods directly estimates the degree of analytical variability, allowing assessment of the reproducibility of
the measurement and the signal-to-noise ratio, although a pseudo estimate of analytical variability can be
computed from the SD of the differences. Reporting of the study design and statistical analysis was often
incomplete or ambiguous. Khullar et al.,44 Panayi et al.72 and Tubaro et al.129 all reported Bland–Altman
analyses from which pseudo estimates of measurement error have been computed (see Appendix 8).
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FIGURE 13 Bland–Altman analysis for substudy C.
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Estimates of the SD of analytical variability vary between 0.3mm and 1.3 mm for interobserver and
intraobserver variation for image interpretation (compared with 0.3 mm and 0.4 mm for the BUS), and a
SD of 0.4mm for interobserver variation for repeated scans (compared with 0.8mm for the BUS)56

only reported Pearson’s correlation coefficients from which no useful measures of reproducibility can
be obtained.

Strengths and limitations of the study
The women in our study were recruited prospectively as part of the BUS, which involved good
characterisation of symptoms and disease state. They were recruited from standard NHS incontinence
clinics and are thus highly likely to be representative of women in whom BWT would be measured as part
of the diagnosis of DO. The subsamples in each study appear to be representative of the larger cohort.

Bladder wall thickness measurements were made according to a standardised protocol implemented
following a programme of rigorous investigator training implemented in the larger study, which will have
minimised variability due to differences in technique.

Both the number of women and the number of assessors limit the precision of the estimates made,
although the study was larger than many previously undertaken. The assessors who partook in the
intraobserver studies generally had high levels of experience and expertise with the techniques, such that
the estimates of operator-dependent analytical variability may be lower than those in standard practice.

In substudies A and B, the use of stored images of the original bladder transvaginal scan was problematic
because those not stored using DICOM software were of poorer quality than the original images, as
reported in previous interobserver variation studies using ultrasonography.130 We found that the brightness
of echogenic serosa and mucosa were reduced in the stored ultrasound images, making the bladder wall
less distinct and reducing the ability to place the callipers accurately. This may have led to overestimation in
analytical variation in substudies A and B, particularly in A as no images were stored using DICOM.

Interpretation
Ultrasonographic measurements of BWT have a high level of analytical variation arising from the scanning
technique, underlying biological variability and interpretation of images, such that only differences > 2mm
should be interpreted as indicating real changes in BWT. The range of BWT measurements observed in
the full cohort ranged from 1mm to 10mm. To illustrate the potential impact of measurement error of this
magnitude, if a threshold of 5mm is used to define test positives, those between 3mm and 5mm could
be misclassified as test negatives through measurement error, and those between 5mm and 7mm could be
misclassified as test positives. In the BUS cohort of 645 women, 326 had values between 3mm and < 5mm,
and 217 had values between 5mm and < 7mm. These groups constitute 84% of the complete sample.
Only 41 women (6%) had BWT measures of ≥ 7mm and 61 (10%) had measurements of < 3mm. Thus,
for the majority of women included in the study there is a possibility that a transvaginal ultrasonographic
measurement of BWT would misclassify them using a 5mm threshold owing to analytical variation. Rates of
potential misclassification for higher or lower thresholds would be lower, but still substantial.

Conclusion
In the presence of high levels of analytical variation for a relatively small measurement of BWT, it is unlikely
that BWT measurement on a transvaginal ultrasound has sufficient reliability and reproducibility to be an
accurate diagnostic test.
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Chapter 5 A comparative evaluation of patient
acceptability of bladder ultrasonography scanning
and urodynamics

Introduction

Objectives
In this chapter we describe a comparative evaluation of the acceptability of performing both transvaginal bladder
ultrasonography and UDS from the patient’s perspective through the completion of self-reported questionnaires.

Methods

The participants in this substudy were the 687 patients who took part in the BUS (see Chapter 2). They
underwent UDS and bladder ultrasonography in the participating centres and, when possible, these were
carried out on the same day. If it was not possible for both tests to be performed on the same day, they
had to be completed within a 4-week period. Immediately after each test, acceptability questionnaires
were given to the participant for completion. Items included in the questionnaire were as follows:

l Pain measured using a VAS on a 0- (no recorded pain) to 100- (worst pain imaginable) point scale in
relation to pain during and shortly after testing.131

l Acceptability of testing measured on ordinal response Likert scales.
l State–Trait Anxiety Inventory six-item short form (STAI-6) a six-item measure of generic state anxiety.

This is a validated and widely accepted instrument used to assess the intensity of current feelings in
relation to how you ‘generally feel today’.132 Scores range from 4 (most positive) to 24 (most negative).
The short form was used to improve patient compliance, as opposed to the long form, and to
accommodate time constraints in busy clinics.

Analysis
All responses were compared using paired (UDS vs. bladder ultrasonography) methods.133 For VAS and
STAI-6 scores, mean differences and 95% CIs were calculated with statistical significance determined
by a paired t-test. Wilcoxon signed-rank test was used for ordinal responses and McNemar’s test for binary
responses. Analysis was performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

At least 94% (646/687) of the participants in the BUS responded to the questions on pain and acceptability
in the two tests, and 87% (602/687) responded to the anxiety questionnaire.

Pain during and after the tests
Pain levels following both tests appeared relatively low, although scores during and shortly after UDS were
higher than the corresponding scores during and after bladder ultrasonography; these differences
were statistically significant (Table 14).
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Acceptability
Bladder ultrasonography was rated as more acceptable to the women than UDS (p< 0.001), with the
proportion of women who found the test totally acceptable significantly higher (81% vs. 56%). The
number reporting an unacceptable test was still relatively low following UDS (2%). More women found
the exposure required for UDS more embarrassing than bladder ultrasonography (proportion reporting
some embarrassment 64% vs. 48%; p< 0.001). Fewer women felt that they would recommend UDS to a
friend than bladder ultrasonography (86% vs. 96%; p< 0.001) and have the same test again (88% vs.
97%; p< 0.001) (Table 15).

Anxiety
Anxiety levels associated with both tests appeared moderate, although the scores were slightly higher
with UDS (Table 16).

TABLE 14 Pain scores during and after the UDS and bladder ultrasonography tests (minimum 0, maximum 100)

Time point Mean UDS (SD), n Mean ultrasonography (SD), n Mean difference (95% CI) p-valuea

During 28.1 (28.2) 643 12.7 (19.4) 643 15.3 (13.1 to 17.6) < 0.001

After 21.2 (26.8) 639 7.9 (16.1) 639 13.3 (11.2 to 15.4) < 0.001

a From paired t-test.

TABLE 15 Acceptability of UDS and transvaginal bladder ultrasonography tests

Question Response
UDS (n= 645)
frequency (%)

Ultrasonography (n= 645)
frequency (%) p-valuea

Procedure acceptability Totally 360 (56%) 519 (81%) < 0.001

Generally 271 (42%) 123 (19%)

Unacceptable 12 (2%) 1 (< 1%)

Missing response 2 2

Exposure for test embarrassing? Extremely 54 (8%) 21 (3%) < 0.001

Moderately 125 (19%) 63 (10%)

A little 234 (36%) 227 (35%)

No 232 (36%) 334 (52%)

Missing response – –

Recommend test to a friend? Yes 551 (86%) 621 (96%) < 0.001

No 93 (14%) 23 (4%)

Missing response 1 1

Have same test again? Yes 564 (88%) 623 (97%) < 0.001

No 78 (12%) 19 (3%)

Missing response 3 3

a From paired tests (see Chapter 5, Analysis).

TABLE 16 State–Trait Anxiety Inventory six-item short form scores following each test

Mean pain score for UDS
(SD, n)

Mean pain score for
ultrasonography (SD, n)

Mean difference in pain scores
(95% CI) p-valuea

12.9 (3.8, 584) 12.7 (3.8, 584) 0.3 (0.1 to 0.5) 0.02

a From paired t-tests
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Discussion

Our results show that bladder ultrasonography was more acceptable and less embarrassing and painful
than UDS. Despite this, a high proportion of women would recommend the UDS test to a friend (86%)
and also have it repeated (88%). Anxiety scores were also higher for UDS than bladder ultrasonography,
but the mean difference appeared small (0.3 points on a 4- to 24-point scale). To our knowledge,
this is the first formal evaluation of the comparison of tolerability and acceptability of various diagnostic
procedures to evaluate bladder function.

The question is whether or not UDS is likely to be deemed acceptable in terms of having it repeated in
view of its clinical importance. Women were aware that their treatment plans were based on the UDS
diagnoses and not that of bladder ultrasonography. This awareness of importance may have contributed
to the improved acceptability of having this test repeated again if necessary. One patient made the
comment below regarding the acceptability of UDS:

Although BUS [bladder ultrasonography] was a generally more acceptable test, I felt that because UDS
physically replicated my symptoms, it allowed me a better understanding of my condition.

Pain was higher with UDS although the average score was only 28 on a scale of 0–100. The origin of
pain may be multifactorial. Pain could be caused by physical components such as the urethral and rectal
catheterisation and the artificial filling of the bladder. Following UDS, participants often expressed urethral
pain. The exact mechanism of pain perception after the UDS is not known; however, slight trauma to the
urethra may be considered to be an aetiological factor.134

Elevated anxiety levels during UDS may also have contributed to patient’s perception of pain. Women’s
concerns with invasive procedures include whether or not the examination will be painful and/or
uncomfortable.132 Expectation of pain is associated with greater anxiety in dental patients135 and minor
surgery patients.136 Pain and discomfort associated with medical procedures may be mediated by fear of
pain.137 Fear of pain refers to trait-like fear responses to painful situations and is a key component in
medical fears;138 this may also influence willingness for invasive testing and follow-ups.139 The perceived
level of pain was strongly correlated with the level of apprehension and embarrassment during different
steps of UDS. Younger age and apprehension were found to be significant risk factors for the heightened
perception of pain on multivariate linear regression analyses.140

Our results on pain/anxiety and embarrassment provoked are similar to those mentioned in the literature.
In a prospective study of 208 patients, although UDS was only associated with minor complications, it was
perceived to be painful, worrying and traumatic.38 In a study of pre-test and post-test evaluation of anxiety
with UDS, severe pre-test anxiety was reported in only a small fraction of women (4.6%) undergoing UDS.
Following completion of UDS, 77.5% of women indicated that they were not at all or slightly anxious, not
at all or slightly embarrassed (84.1%) and experienced no or slight physical discomfort (75.5%).141 Younger
age, history of anxiety or depression and a diagnosis of OAB and painful bladder syndrome may lead to
more negative experiences during UDS.41

Strengths and limitations
A strong component of the study was that a large number of patients were recruited and responded to
the questionnaires in the study (at least 87% of the 687 recruited). The population were derived from
several geographical areas and various ethnicities within the UK (see Chapter 2 for full details). Data
collected from multicentre studies may be more applicable and generalisable than that collected from a
single centre. Our study provides information to assist in counselling women who may be apprehensive or
anxious regarding an invasive test such as UDS.
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The study had some limitations. We administered the instrument to measure anxiety only after each test
procedure. We could have measured the difference between pre-test and post-test questionnaires to know
the anxiety provoked by each procedure. This would have yielded valid data about fluctuations in anxiety
state before and after each test and a comparison of the difference would have been ideal.

Participants were also aware of the fact that the diagnoses and management plan were made on the
basis of the information gained during UDS. This knowledge of the test may have introduced bias and
influenced the participant’s decision to recommend the test or have it repeated again if required. Bladder
ultrasonography was used for assessment only and did not aid in the management of a bladder diagnosis.

We used the short-form anxiety questionnaire in this substudy, which only measures state and not trait anxiety.
Trait-anxious individuals tend to respond to stressful situations with increases in state anxiety. The higher
the levels of trait anxiety, the more likely it is that an individual will experience anxiety in a variety of situations,
relative to individuals low in trait anxiety.142 Anxiety and urgency incontinence appeared to exacerbate each
other.143 High anxiety score on the STAI-6 was a predisposing factor for UI.144 UI is associated with a reduced
QoL and increased anxiety among community-dwelling elderly women.145 Given the strong relationship
between state and trait anxiety, women with higher trait anxiety levels might have experienced greater state
anxiety with UDS than bladder ultrasonography.

In addition, we have not studied the impact of the information given to the women before the procedure
and how well we prepared the women for each diagnostic test. We sent out information leaflets about
both UDS and bladder ultrasonography along with the appointment letters. During the clinic visit, we
reinforced the patient’s understanding of each procedure. This is our routine practice based on previous
evidence that women were likely to find the test less distressing when they felt they had been given
adequate information about it.134

Interpretation of findings
Our findings of increased pain and embarrassment perceived during UDS highlight the importance of
clarifying the role of UDS in the management of women with OAB. The results may also be used by those
preparing information material for women undergoing UDS and/or transvaginal ultrasonography, enabling
them to give women a realistic picture of how they might feel.

Conclusion
The UDS procedure had statistically significant higher levels of pain and a lower rate of acceptability
than the bladder ultrasonography procedure. In spite of this, the majority of the women would have
repeat UDS if needed.

Recommendations for future research
The elevated anxiety levels elicited by invasive diagnostic testing on a background of increased trait anxiety
due to LUTS need careful evaluation and interpretation. This may improve the support patients receive
during invasive diagnostic testing and subsequent patient satisfaction.
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Chapter 6 The impact of urodynamics on
treatment and outcomes

Introduction

There is much debate about the role of UDS in the workup of patients with incontinence symptoms.
There is uncertainty about (1) its diagnostic accuracy (e.g. does it accurately identify those with DO?),
(2) its position in a diagnostic algorithm (e.g. should it be a used to screen all patients, or be reserved for
selected use, such as patients scheduled to have surgery?) and (3) diagnostic impact (e.g. are patients
better off as a result of this test?). NICE guidelines36 advise against the use of multichannel cystometry,
ambulatory UDS or video UDS prior to commencing conservative management for OAB. However,
there are recommendations to perform multichannel cystometry and offer BTX-A and sacral
neuromodulation-like invasive treatments in the presence of DO.36

There are some studies to suggest that patient-related outcomes (i.e. diagnostic impact) are similar whether
or not there is urodynamic diagnosis of DO in patients with OAB who undergo various therapies.83–86,146

There is a necessity to establish the role of UDS and its impact on treatment and patient outcomes in
OAB as at present its role is unclear.

The aim was to establish if treatment pathways and outcomes differed following findings on UDS.
More specifically, the following objectives were addressed:

l Does the UDS diagnosis affect treatment pathways (therapeutic impact)?
l What were the patient-reported outcomes in the cohort of patients recruited into the BUS, as

measured by a global impression of improvement question (have your bladder problems improved since
the tests?) and the ICIQ-OAB questionnaire, at 6 and 12 months after testing?

l Does the diagnosis by UDS have any effect on symptoms after 6 and 12 months, that is, can UDS
predict improvement in different patient groups?

l Does receiving a medical or surgical treatment concordant with the UDS diagnosis improve patients’
symptoms, compared with not receiving a concordant treatment?

l Are presenting symptoms related to outcomes at 6 and 12 months?
l Does transvaginal ultrasonographic measurement of BWT have any prognostic value?
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Methods

Patients recruited to the BUS completed symptom questionnaire booklets pre-test and then were sent
booklets at 6 and 12 months after the tests. If no response was received within 4 weeks, a reminder was
sent. Patients who did not respond within 6–8 weeks of the initial request were contacted by telephone
and questionnaires were completed in a telephone interview with a member of the research team.

In order to establish if a diagnosis by UDS had an effect on subsequent treatment management and
long-term patient outcomes, the data were simplified using the following criteria:

l Diagnoses from UDS testing were categorised as (1) DO+USI, (2) DO alone, (3) USI alone and
(4) patients with no demonstrable findings were defined as normal UDS.

l Mid-urethral slings, bladder neck injection and colposuspension are all categorised as ‘USI surgery’.
These interventions were considered concordant with a UDS diagnosis including USI, and
discordant otherwise.

l Nerve modulation (PTNS or sacral neuromodulation) and BTX-A toxin injections into the bladder are
categorised as ‘DO surgery’. These interventions were considered concordant with a UDS diagnosis
including DO, and discordant otherwise.

l The use of antimuscarinics and mirabegron are referred to as ‘bladder relaxants’. These medical
treatments were considered concordant with a UDS diagnosis including DO or normal UDS,
and discordant otherwise.

l No treatment was considered concordant with a UDS diagnosis of normal UDS, and discordant otherwise.
l The effect of bladder relaxant tablets was assumed to provide relief from symptoms at only the time

point it was reported, whereas the effect of surgery was assumed to be longer term (i.e. those
reporting surgery at 6 months were presumed to still have had surgery at 12 months even if not
reported again).

l The number of patients reporting having had both surgery and bladder relaxants as a proportion of
those having surgery was in the minority (15% at 6 months, 26% at 12 months). To simplify the
analysis, this dual effect was ignored in the analysis of concordant treatments (i.e. for women
categorised as having SUI or DO surgery this may or may not include the use of bladder relaxants).
Surgery was assumed to supersede the use of bladder relaxants.

The relationship between UDS diagnosis (DO+USI/DO/USI/normal UDS) and subsequent treatment (DO surgery/
USI surgery/bladder relaxants/no treatment) was examined using a multinomial logistic regression model147

with the treatment group variable as the outcome and UDS diagnosis as the explanatory variable. The overall
importance of this variable was determined by chi-squared test with results presented alongside estimates of OR
and 95% CIs with treatment group; ‘no treatment’ used as the reference variable.

Frequencies and percentages are presented for the results of the global impression of improvement
question measured at 20 months, with means and SDs presented for ICIQ scores [assessment of symptoms
of OAB on QoL, scores on a 0 (best) to 16 (worst) scale] at 7 and 20 months. Mean change from baseline
and 95% CIs were calculated with a paired t-test used to test statistical significance of the change. Further
statistical analysis was completed using logistic and linear repeated measures (over the responses at
baseline, 7 and 20 months) regression models148 for the global impression of improvement and ICIQ-OAB
scores, to examine the effect of the following variables: UDS diagnosis (as listed above), concordant
treatment (binary: yes/no), presenting symptoms (binary: urgency+ SUI/urgency+/– urgency incontinence
alone) and BWT (continuous). The statistical importance of these explanatory variables was determined by
chi-squared and t-tests. Comparative ORs and mean differences between these subgroups were calculated
along with 95% CIs using the standard error taken from the respective regression models. Interaction
between the concordant treatment and BWT variables with the UDS diagnosis and presenting symptoms
variables was examined by including the corresponding variables and interaction variable terms in the
regression models. The statistical importance of the interaction terms was determined by F-test. In a similar
fashion interaction between the aforementioned variables and time with respect to ICIQ scores was
also examined.
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Results

Follow-up
The 6- and 12-month follow-up questionnaires were received at a median time of 7 and 20 months (IQRs
6–8 and 15–24 months, respectively) after tests. Results are henceforth referred to as at 7 and 20 months.
The study recruited a total of 687 women and questionnaire booklet booklets were returned by 489
(71%) and 475 (69%) participants at the 7- and 20-month time points (Figure 14).

Urodynamics diagnosis
Of the total number recruited, 666 (97%) had complete UDS testing. On performing UDS, 43% (n= 284)
were diagnosed with DO alone, 17% (n= 115) had DO+USI, 14% (n= 92) were diagnosed with USI alone
and 26% (n= 175) had normal UDS. Table 17 summarises these frequencies by presenting symptoms.

Effect of urodynamics on the management offered
Over the whole follow-up period, the majority of women reported some treatment (292/467, 63%).
Seventy per cent of these treatments (205/292) were reported as bladder relaxants only, 20% as
USI surgery (57/292) and 10% as DO surgery (30/292). Surgery was used in isolation in 66% of cases
(57/87) and in combination with bladder relaxants in the other cases. Further details are given in Table 18
(if bladder relaxants were used in combination with surgery these are indicated in brackets, otherwise
surgery was used in isolation).

Consecutive women with frequency,
urgency incontinence or 

urge-predominant MUI who do not have
exclusion criteria (pure stress or 

stress-predominant MUI,
UDS in past 6 months,

PVR of > 100 ml, proven UTI in the past
4 weeks, POP > grade II or inability to

comprehend) (n = 687)

Consent

Baseline tests (history, bladder diary,
urine dipstick, QoL questionnaires)

Index test
BWT on bladder ultrasonography

(observer blinded to UDS)

Reference standard
Laboratory multichannel UDS

(observer blinded to BWT)

Follow-up after 6 months with QoL
questionnaires

(n = 489)

UDS diagnosis:
DO + USI/DO/USI/normal UDS

Questionnaires were
received at a median

time of 7 and
20 months

Subsequent treatments
DO surgery/USI surgery/

bladder relaxants/
no treatment

Follow-up after 12 months with QoL
questionnaires

(n = 475)

FIGURE 14 Study flow chart of follow-up of participants after 6 and 12 months.
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Overall, subsequent treatment was highly associated with diagnosis group (p< 0.0001) suggesting that the
clinicians and patients appeared to be guided in part by UDS diagnoses in selecting treatment options. For
example, the odds of having USI surgery were increased by 15-fold if UDS diagnosis was DO+USI and the
odds of DO surgery or bladder relaxants were increased by threefold if UDS diagnosis was DO (Table 19).

Long-term symptom responses in the overall group
Fifty-three per cent (248/470) of the participants thought that their bladder problems had improved since
going for the tests at 20 months (global impression of improvement question). Analysis of ICIQ responses
showed improving scores reflecting declining severity of patients’ symptoms (Table 20). The reduction in
the mean ICIQ scores over time from baseline is depicted in Figure 15.

TABLE 19 Odds of intervention vs. no treatment over the whole period using the normal UDS diagnosis group as
a reference

Diagnosis effect

Treatment

DO surgery,
OR (95% CI)

USI surgery,
OR (95% CI)

Bladder relaxants,
OR (95% CI)

DO vs. normal UDS 2.6 (1.2 to 5.4) 1.0 (0.3 to 2.7) 3.3 (2.4 to 4.7)

DO+USI vs. normal UDS 0.8 (0.2 to 2.8) 14.9 (6.6 to 33.8) 2.0 (1.2 to 3.2)

USI vs. normal UDS 1.0 (0.3 to 3.2) 8.2 (3.5 to 19.3) 1.1 (0.7 to 1.9)

TABLE 18 Reported interventions over the whole follow-up period by UDS diagnosis

UDS diagnosis

Treatment frequency, n (%)

Total
DO surgery (including
bladder relaxants)

USI surgery (including
bladder relaxants)

Bladder
relaxants only No treatment

DO+USI 3 (3) 27 (11) 29 23 82

DO 19 (5) 6 (3) 119 57 201

USI 2 (0) 18 (6) 16 25 61

Normal UDS 6 (1) 6 (1) 41 70 123

Total 30 57 205 175 467a

a Eight participants returned follow-up forms but did not complete treatment information.

TABLE 17 A UDS diagnosis by presenting symptoms (as indicated through clinical history)

UDS diagnosis

Presenting symptoms (from clinical history), n (%)

Urgency+ stress Urgency alone Total

DO+USI 96 (23) 18 (8) 114

DO 160 (38) 120 (50) 280

USI 80 (19) 11 (5) 91

Normal UDS 83 (20) 91 (38) 174

Total 419 240 659a

a Seven patients had missing presenting symptoms.
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Long-term responses by urodynamics diagnosis
Positive responses to the global impression of improvement question were higher in the USI (35/56, 63%)
and DO+USI (48/83, 58%) diagnosis groups than the DO (104/205, 51%) and normal UDS (60/125,
48%) groups, although the importance of diagnosis group was not statistically significant overall (p= 0.2).
ICIQ scores were reduced from baseline in all groups at 7 and 20 months (p< 0.001 or less; Table 21
and Figure 16). There was some evidence that ICIQ responses varied between diagnosis groups overall
(p= 0.02) and pairwise comparisons between them indicated that the DO+USI group have a greater
reduction than the DO group (–1.1 points, 95% CI –1.7 points to –0.4 points; p= 0.002) over both time
points. There were no statistically significant differences between the other groups.

TABLE 20 ICIQ scores from baseline to 20 months

Time point Mean ICIQ (SD), n
ICIQ change from baseline:
mean (95% CI), p-value

Baseline 9.3 (2.7), 637

7 months 7.3 (3.3), 469 –1.9 (–2.2 to –1.6), p< 0.0001

20 months 7.0 (3.5), 460 –2.2 (–2.5 to –1.9), p< 0.0001
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FIGURE 15 Overall ICIQ scores over time (95% CIs are shown at each time point).

TABLE 21 ICIQ scores by diagnosis groups

Time point

UDS diagnosis

DO+USI DO USI Nothing

Baseline mean (SD), n 9.8 (2.5), 92 9.8 (2.7), 236 8.9 (2.7), 67 8.2 (2.3), 144

7 months mean (SD), n 6.8 (3.5), 81 8.1 (3.4), 207 7.1 (3.3), 57 6.5 (2.8), 124

20 months mean (SD), n 6.6 (3.6), 82 7.7 (3.8), 199 6.2 (3.3), 55 6.5 (3.1), 123
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Effect of receiving a medical or surgical treatment concordant with
urodynamics diagnosis
Sixty-two per cent and 66% of patients had received a medical or surgical treatment concordant with
their UDS diagnosis by 7 and 20 months, respectively (Table 22). At 20 months, 57% (168/296) of
patients who had received a concordant treatment responded positively to the global impression
of improvement question compared with 45% (69/152) of patients whose treatment was discordant
with their diagnosis (OR 1.6, 95% CI 1.1 to 2.3; p= 0.02). There was no overall evidence that this
varied by UDS diagnosis (p= 0.1), although positive responses appeared higher in the DO+USI and
USI groups (Table 23). ICIQ scores were reduced at 7 and 20 months overall (Table 24 and Figure 17)
and the reduction was significantly greater at both time points in those who had received a concordant
treatment than those who had received a discordant treatment (–0.5, 95% CI –0.9 to –0.1; p= 0.02).
There was no evidence that the effect of receiving a concordant treatment varied by UDS group (p= 0.3;
Table 25).
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FIGURE 16 The ICIQ scores over time by diagnosis group (95% CIs are shown at each time point).

TABLE 22 Proportion of patients who had received a medical or surgical treatment concordant with their UDS
diagnosis at 7 and 20 months

UDS diagnosis Concordant medical or surgical treatment, n/N (%)

7 months

DO+USI 40/71 (56)

DO 113/194 (58)

USI 6/53 (11)

Normal UDS 111/118 (94)

Total 270/436 (62)

20 months

DO+USI 56/82 (68)

DO 121/201 (60)

USI 18/61 (30)

Normal UDS 111/123 (90)

Total 306/467 (66)
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TABLE 24 The ICIQ score responses by whether a medical or surgical treatment concordant with UDS diagnosis had
been received

Time point

Concordant medical or surgical treatment=no Concordant medical or surgical treatment= yes

Mean (SD), n
Change from baseline:
mean (95% CI), p-value Mean (SD), n

Change from baseline:
mean (95% CI), p-value

Baseline 9.3 (2.5) 9.0 (2.8)

7 months 7.7 (3.6), 159 –1.6 (–2.1 to –1.1), p< 0.0001 7.0 (3.2), 261 –2.1 (–2.4 to –1.7), p< 0.0001

20 months 7.3 (3.6), 150 –1.9 (–2.4 to –1.3), p< 0.0001 6.8 (3.5), 289 –2.4 (–2.8 to –2.0), p< 0.0001
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FIGURE 17 The ICIQ scores over time by medical or surgical treatment concordant with UDS diagnosis (95% CIs are
shown at each time point).

TABLE 23 Proportion of patients reporting improvement in symptoms at 20 months by UDS diagnosis and whether
a medical or surgical treatment concordant with this diagnosis had been received

UDS diagnosis
Concordant medical or surgical
treatment=no, n/N (%)

Concordant medical or surgical
treatment= yes, n/N (%) OR (95% CI)

DO+USI 8/25 (32) 39/55 (71) 5.2 (1.9 to 14.4)

DO 36/79 (46) 63/118 (53) 1.4 (0.8 to 2.4)

USI 24/41 (59%) 10/14 (71) 1.8 (0.5 to 6.6)

Normal UDS 1/7 (14) 56/109 (51) 6.3 (0.7 to 54.4)

Total 69/152 168/296
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Relationship between presenting symptoms and long-term outcomes
Positive responses to the global impression of improvement question at 20 months were slightly higher in
the urgency+ SUI group (56%, 159/286) than the urgency alone group (48%, 86/181) but this difference
was not statistically significant (p= 0.09). There was also no evidence that the effect of these presenting
symptoms varied by whether or not a treatment concordant with UDS diagnosis had been received
(p= 0.2). ICIQ scores were lower at both time points in both groups (Table 26 and Figure 18); however,
there was some evidence of the urgency+ SUI group improving more than the urgency alone group
by 20 months (0.60 points, 95% CI 0.00 points to 1.20 points) but not at 7 months (–0.03 points,
95% CI –0.56 points to 0.51 points).

Relationship between bladder wall thickness and long-term outcomes
There was no evidence that BWT had any relationship with the global impression of improvement
responses at 20 months (p= 0.4) or ICIQ scores (p= 0.8) over 7 and 20 months (correlation coefficients
r= 0.01 at both time points); Figure 19 shows the distribution of scores at 7 months. There was also
no evidence of BWT having any interaction effect with (1) UDS diagnosis (global impression of
improvement: p= 0.9; ICIQ: p= 0.7) or (2) presenting symptoms (global impression of improvement:
p= 0.2; ICIQ: p= 0.5).

TABLE 25 The ICIQ scores by UDS diagnosis and whether a medical or surgical treatment concordant with this
diagnosis had been received

UDS diagnosis

Concordant medical or surgical treatment=no Concordant medical or surgical treatment= yes

Mean (SD), n
Change from baseline:
mean (95% CI), p-value Mean (SD), n

Change from baseline:
mean (95% CI), p-value

DO +USI

Baseline 9.4 (2.1) 9.5 (2.7)

7 months 6.9 (3.2), 28 –2.7 (–4.0 to –1.4), p= 0.0003 6.2 (3.7), 38 –3.4 (–4.5 to –2.3), p< 0.0001

20 months 7.4 (3.6), 26 –1.8 (–3.3 to –0.4), p= 0.02 6.0 (3.4), 53 –3.6 (–4.6 to –2.6), p< 0.0001

DO

Baseline 9.6 (2.8) 9.9 (2.8)

7 months 8.6 (3.6), 79 –1.0 (–1.6 to –0.4), p= 0.002 7.8 (3.3), 111 –2.2 (–2.8 to –1.6), p< 0.0001

20 months 7.6 (3.8), 77 –1.6 (–2.3 to –0.8), p< 0.0001 7.9 (3.8), 115 –2.3 (–3.0 to –1.6), p< 0.0001

USI

Baseline 8.9 (2.4) 9.3 (4.0)

7 months 7.1 (3.4), 45 –1.8 (–2.8 to –0.8), p= 0.0006 6.5 (4.1), 6 –2.8 (–7.8 to 2.1), p= 0.2

20 months 6.4 (3.3), 40 –2.6 (–3.8 to –1.3), p= 0.0001 5.8 (3.1), 14 –2.3 (–4.3 to –0.2), p= 0.03

Normal UDS

Baseline 9.9 (2.0) 8.0 (2.3)

7 months 6.3 (3.5), 7 –3.6 (–6.9 to –0.2), p= 0.04 6.5 (2.8), 106 –1.5 (–1.9 to –1.0), p< 0.0001

20 months 8.1 (3.2). 7 –1.7 (–5.1 to 1.8), p= 0.3 6.3 (3.1), 107 –1.9 (–2.4 to –1.3), p< 0.0001
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FIGURE 18 The ICIQ scores over time by presenting symptoms (95% CIs are shown at each time point).
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FIGURE 19 Seven months ICIQ scores vs. BWT (r= 0.01).

TABLE 26 Relationship between ICIQ scores and clinical symptoms

Clinical symptoms Mean (SD), n
Change from baseline
mean (95% CI) p-value

Urgency + stress

Baseline 9.4 (2.6)

7 months 7.4 (3.4), 286 –1.9 (–2.3 to –1.6) < 0.0001

20 months 6.9 (3.6), 278 –2.5 (–2.9 to –2.1) < 0.0001

Urgency alone

Baseline 9.1 (2.8)

7 months 7.3 (3.2), 181 –1.8 (–2.2 to –1.4) < 0.0001

20 months 7.2 (3.5), 179 –1.8 (–2.3 to –1.3) < 0.0001
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Discussion

Summary of main findings
Our analysis demonstrated that UDS diagnosis appeared to have an effect on subsequent treatment.
Women with DO were three times more likely to have had bladder relaxants than no treatment compared
with women with normal UDS. This might mean that those who were shown to have DO were more
likely to be prescribed bladder relaxant tablets or that patient compliance with taking the treatment
improved. Women with a diagnosis of DO+USI were 15 times more likely to have USI surgery than no
treatment, which may at least partly explain the improved ICIQ scores and global impression of
improvement over patients with pure DO.

Numerous studies have demonstrated that a diagnosis of OAB cannot be accurately made based on
symptomatology alone.29,35,149,150 Clement et al.151 concluded in their Cochrane review that urodynamic
testing did change clinical decision-making in women treated for UI (relative risk 5.07, 95% CI 1.87 to 13.74)
and more women received drugs in the UDS groups. Contrary to the finding of the Cochrane review, that
women were not more likely to undergo surgery, we found that more women with DO+USI had received
surgery by the 20-month follow-up.151 Confirmation of the concurrent pathophysiology of DO+USI may have
resulted in more clinicians offering USI surgery when bladder relaxants alone failed to provide improvements.

Over half (53%) of the study population reported an improvement in symptoms and disease-specific
scores by a margin that appears clinically meaningful. The ICIQ-OAB provides a brief and robust measure
to assess the impact of symptoms of OAB on QoL. In the follow-up of the BUS participants, scores were
significantly reduced from baseline by 2.2 points (p< 0.0001). The findings also support ‘responsiveness’
of ICIQ questionnaire to therapy as the change in ICIQ scores was two-thirds of a SD and most studies
would accept a difference of half a SD to be a clinically important change.152

Patients who received a medical or surgical treatment concordant with their UDS findings were more likely
to report an improvement in bladder symptoms at 20 months than those who did not (57% vs. 45%;
p= 0.02). The improvement reported by those who did not receive a concordant treatment could be for
several reasons, such as natural fluctuation of disease state, regression to the mean and Hawthorne
effects.153 The experience of UDS may have helped women to understand their condition better and
improve compliance, including with lifestyle measures.154

The ICIQ scores were reduced at both time points regardless of whether or not the women received a
treatment concordant with UDS findings; however, patients receiving a concordant treatment reported a
slightly greater reduction (–0.5 points; p= 0.02). There was also some evidence that ICIQ responses were
greater in the DO+USI diagnosis group than the DO group (–1.1 points; p= 0.002); that is, women with
MUI treated based on UDS diagnoses appear to have greater reductions in symptoms.

There was no evidence that BWT had any relationship with the global impression of improvement
responses or ICIQ scores. This concurred with the findings from the BUS which indicated that BWT is not a
useful test in the management of these patients.

Strengths and limitations
The patients were followed up for more than 12 months and validated questionnaires were used. This
study is one of the few reporting on prospective follow-up in patients with urgency-predominant MUI and
suggestive of better prognosis in the MUI group than the DO group.

The response rate for continued follow-up of the BUS cohort was 69% which, although not high, is
superior to other studies in the field at over 1-year follow-up. We could only ascertain whether or not
women had ever having taken bladder relaxants and could not determine whether or not women were
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currently taking bladder relaxants. In addition, the number of women having both bladder relaxants and
surgery was small and, therefore, could not be reliably distinguished from those who had surgery alone in
the analysis. We also did not collect data on therapies, such as supervised intensive PFMT, bladder
retraining, lifestyle changes, etc., but we presumed that the conservative treatment was already exhausted
before patients were referred for UDS.

As the study is an observational study, it is not possible to directly infer the clinical effectiveness of the
therapies from the comparison of whether treatment options were compliant or non-compliant with
the UDS diagnosis. There may be other reasons why patients whose treatment did not follow from the
diagnosis have different outcomes from those who did, for example reasons related to health states,
patient preferences and characteristics.

Interpretations of findings
Urodynamics appears to influence treatment decisions made by clinicians in determining treatment
pathways in women presenting with UI. Women treated with medical or surgical interventions based
on UDS diagnoses appear to have greater reductions in symptoms than who were not. This was more
evident in women with MUI on UDS. In the overall population, half the women reported long-term
improvement in symptoms. BWT is not associated with patient management or treatment responses,
either global or ICIQ score changes and has no prognostic value as a test in this condition.

Recommendations for research
There is need for randomised trials involving women with OAB or urgency-predominant MUI, comparing
treatment based on UDS with treatment based on clinical symptoms and examination alone.155

Further work needs to be carried out to establish the ‘minimally important clinical difference’ in ICIQ scores
to enable its use to quantify response to treatment objectively in clinical practice. This could be done by
assessing the changes in the bladder diary variables and the individual ICIQ items.156
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Chapter 7 Economic evaluation of alternative
diagnostic strategies

Introduction

Objectives
The initial objective of the primary study was to evaluate the accuracy of bladder ultrasonography in the
diagnosis of DO and to investigate the added value of using the test results alongside the information
obtained from routinely used non-invasive tests. These objectives were revised [with agreement of the
National Institute for Health Research (NIHR) Health Technology Assessment (HTA)] because bladder
ultrasonography was shown in the accuracy study to be of limited diagnostic value. The focus switched
instead to the investigation of the accuracy and cost-effectiveness of UDS in the investigation of OAB-like
presentations. However, given that the initial objective was to evaluate bladder ultrasonography and given
the extent of data collected on this test, for completeness it has been included in the economic analysis.

National Institute for Health and Care Excellence recommends the use of UDS only prior any invasive
intervention for OAB,36 based on evidence indicating its limited role in determining the outcome of
conservative treatments.66 Thus, the objective of the model-based economic evaluation of this chapter
is to compare the relative cost-effectiveness of undertaking three alternative diagnostic strategies based on
(1) UDS, (2) a bladder ultrasonography test or (3) clinical history for women with predominant symptoms
of OAB for whom conservative treatments were not effective. Each strategy contains both the test and
the subsequent treatment options made based on the results of the test. For brevity, we will refer to
the strategies by the test name, but in all instances we consider a strategy as consisting of the test plus the
treatment choices, which are made dependent on the test result obtained.

Methods

In the economic evaluation, three principal diagnostic pathways are compared. In the first, treatment is based
on UDS and this represents the way treatment pathways are determined in current practice. In the second,
treatment is based on the bladder ultrasonography test, which can be used to determine the appropriate
treatment based on the measurement of BWT. In the third, treatment is based on clinical history and this
represents the clinical pathway that a woman would follow if no diagnostic test was available and treatment
relied on a patient’s history only. In a secondary analysis combinations of these strategies are also explored.

The primary symptoms of women with OABs are urgency and often urgency-related incontinence. These
symptoms can be accompanied by another type of incontinence that occurs as a result of increased
abdominal but not detrusor pressure and this is known as SUI. Where they coexist, the condition is
referred to as MUI. Women who experience predominant symptoms of OAB are suspected to most likely
have either DO or MUI. Sometimes, these women can have other syndromes – SUI, low compliance,
VD – or, on the basis of diagnosis, are referred to as normal despite the existence of symptoms.

As far as treatment is concerned, all women are treated conservatively in the first instance. Conservative
treatments typically comprise bladder training and oral treatment with antimuscarinic drugs. If these treatments
are not effective, women undergo further investigation and tests before more invasive treatment is considered.
The benefit of UDS compared with the other two diagnostic strategies is that it provides a more clear-cut
diagnosis of the underlying syndrome. More specifically, UDS can identify (1) if the cause of the predominant
symptoms of OAB is a DO, (2) if the symptoms observed are because of other syndromes (MUI, USI, low
compliance, VD) or (3) if women are considered to have a normal bladder despite the existence of symptoms.
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The hypothesis used in the primary study was that the bladder ultrasonography test predicts DO if
BWT is above a predefined threshold. In our model we follow this using data on accuracy from the
primary study and presume that bladder ultrasonography does not discriminate between MUI, USI, low
compliance, VD and normal otherwise. For brevity, we will call this set of diagnoses MUI. Finally, clinical
history according to whether women have only urinary urgency, with or without urgency incontinence, or
had urgency-predominant MUI was used to indicate diagnoses either of OAB, most likely caused by DO,
or of MUI. Despite the theoretical advantage of UDS, previous evidence has indicated – contrary to the
findings reported in Chapter 6 – that an urodynamic observation rarely has an impact on the type of
intervention undertaken or on outcomes.66 Therefore, a model-based economic evaluation was required to
synthesise data on test accuracy and evaluate the costs and outcomes incurred by women following any
particular treatment pathway based on the test result.

Model structure
In order to maintain patient history and given the short-term nature of the decision problem, the appropriate
model structure to describe the options being compared and their treatment pathways is a decision tree.
The model was developed in TreeAge Pro 2014 software (TreeAge Software, Inc., Williamstown, MA, USA)
and the structure was informed by clinical input and NICE guidelines on the management of UI.36 Women
with a mean age of 55 years (95% CIs 39 years to 71 years) enter the model if they present predominant
symptoms of OAB and conservative treatments have not been effective. The term ‘predominant symptoms
of OAB’ refers to symptoms of urgency or urgency-related incontinence, possibly accompanied by stress
incontinence. Women who have not undergone conservative treatments and women for whom conservative
treatments were effective in treating the urgency symptom but the stress symptom remained were not
included in the analysis.

In the primary analysis of the model-based economic evaluation, women are assumed to follow one of
three alternative strategies for the treatment of their symptoms: (1) based on UDS observation alone,
(2) based on bladder ultrasonography test alone and (3) based on clinical history. These are presented in
the branches to the right of the decision node (square symbol) in Appendix 9 (see Figure 43). For
completeness, pathways for strategies that represent other combinations in which clinical history and
diagnostic tests can in theory be used together are also considered. These are illustrated in Appendix 9
(see Figure 44).

Once women enter the model, it is assumed that they proceed from the least invasive (and more
common) interventions to the most invasive ones. For the purpose of the model, it is assumed that further
conservative treatment is not provided. However, in real life, conservative treatments are ongoing and
can be complementary to the more invasive interventions.

As a first-line surgical intervention for the treatment of OAB caused by DO (diagnosed as DO by UDS, or a
positive bladder ultrasonography test, or as urgency with or without urgency incontinence, or clinical
history) women go through either BTX-A injections or PTNS depending on patient and physician
preferences. If these interventions are not effective, the second-line intervention is determined through a
peripheral nerve evaluation (PNE), which is the first stage of the SNS. The outcome then determines
whether or not a permanent implantation of a stimulation device (stage II) will be given. If this is not
indicated, women are assumed to undergo either BTX-A injections or PTNS depending on which of the
two has not been applied earlier in the treatment pathway.

The treatment of SUI (USI diagnosed only by UDS) involves a sling surgery as a first-line intervention and
Burch colposuspension as a second-line surgical treatment.

In cases of MUI (diagnosed as DO+USI by UDS, a negative bladder ultrasonography test, or urgency-dominant
MUI clinical history) women can opt for BTX-A injections prior to the sling surgery and Burch colposuspension
as a second-line surgical treatment.
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Women who are diagnosed with a normal bladder, despite the existence of symptoms, can be identified
by UDS only. These women are assumed to remain symptomatic without further interventions.

For the strategies bladder ultrasonography test and clinical history, when treatment either for OAB or MUI
is initiated, women are assumed to receive invasive interventions as a result of a misdiagnosis. The same is
assumed for women who have low compliance only or VD only despite the predominant symptoms of
OAB. The treatment pathways for each syndrome in the UDS strategy are illustrated in Appendix 9
(see Figures 45–47). The pathways for the diagnostic strategies of bladder ultrasonography test and clinical
history are shown in Appendix 9 (see Figures 48–51).

Model assumptions
To carry out the model-based analysis some further pragmatic assumptions were required. These are
presented below.

l Diagnostic tests may be repeated once in each treatment pathway before the second-line interventions
and intervention strategies will change if the second test contradicts the original test.

l In the UDS and bladder ultrasonography strategies, treatment is assumed to be initiated 3 months after
the diagnostic test, but instantly in the case of clinical assessment. Three months was selected as an
arbitrary cut-off point below the maximum of 18 weeks used in the NHS157 to reflect the waiting time
for a subsequent visit for a first-line intervention.

l Symptoms of VD and low compliance that can accompany DO, MUI or SUI are assumed to not have an
impact on the clinical effectiveness of interventions.

l Women diagnosed with VD require self-catheterisation training.
l A woman can have up to three BTX-A injections at yearly intervals.
l Subjective cure from BTX-A entails the possibility of acquiring voiding difficulties that will require

self-catheterisation training.
l PTNS is offered in 12 sessions, a week apart, in the final 3 months. If it is successful, a monthly session

is required for the rest of the model period in order for its clinical effectiveness to be maintained.
l In the case of SNS, a proportion of women will require a revision of the surgery and maintenance or

removal of the implanted neurostimulator device, depending on the time between SNS surgery and the
end of the model period. These were assumed to take place at the end of the model period.

l De novo DO or urgency UI is a possible outcome of an antistress incontinence surgery. It is described as
the development of a new OAB-related symptom in women who did not demonstrate DO in their
pre-operative evaluation. Given that women entering the model have predominant symptoms of OAB,
de novo DO or urgency UI is not modelled.

l If a woman becomes subjectively cured, improvements are assumed to be maintained throughout the
model period.

Clinical data
The prevalence and accuracy data used in the model are based on the results of the primary study using
UDS as a reference standard. These are presented in Tables 27–30. The probability of each intervention
being clinically effective is presented in Table 31. Data on the effectiveness of PTNS in women with
DO,82 the clinical effectiveness of sling surgery in women with SUI160 and MUI,161 as well as the clinical
effectiveness of colposuspension in women with SUI164 were drawn from meta-analyses. The probability
of SNS being effective in women with DO was taken from a systematic review.89 Observational studies
were used to inform the probability of three repetitive BTX-A injections being effective in women with
DO158 and the cure rate of colposuspension in women with MUI.163 From the former observational
study, the proportion of women that become subjectively cured after three BTX-A injections (56.8%),
the disaggregation of the overall effectiveness across the three injections and the drop-out rate after
each injection were used in the model (Table 32). In the absence of relevant literature, the disaggregation
of the overall effectiveness across the three injections and the drop-out rate after each injection were
assumed to be the same if BTX-A was offered in women with other syndromes.
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TABLE 27 Prevalence data used in the model

Description Proportion Distribution (parameter values)

Women with DO 0.507 Dirichlet (106, 19, 35, 36, 9, 3, 1)

Women with SUI 0.091

Women with MUI 0.167

Women that had a normal UDS 0.172

Women with low compliance only 0.043

Women with VD only 0.014

Women with low compliance and VD 0.005

TABLE 28 Accuracy data used in the model for UDS

Description Proportion Distribution (parameter values)

Women with DO that had a positive UDS for DO 0.964 Dirichlet (107, 1, 1, 1, 1)

Women with DO that had a positive UDS for SUI 0.009

Women with DO that had a positive UDS for MUI 0.009

Women with DO that had a normal UDS 0.009

Women with DO that had ‘other’ UDS 0.009

Women with SUI that had a positive UDS for SUI 0.833 Dirichlet (20, 1, 1, 1, 1)

Women with SUI that had a positive UDS for DO 0.042

Women with SUI that had a positive UDS for MUI 0.042

Women with SUI that had a normal UDS 0.042

Women with SUI that had ‘other’ UDS 0.042

Women with MUI that had a positive UDS for MUI 0.900 Dirichlet (36, 1, 1, 1, 1)

Women with MUI that had a positive UDS for SUI 0.025

Women with MUI that had a positive UDS for DO 0.025

Women with MUI that had a normal UDS 0.025

Women with MUI that had ‘other’ UDS 0.025
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TABLE 29 Accuracy data used in the model for the bladder ultrasonography test

Description Proportion Distribution (parameter values)

Women with DO that had a positive bladder ultrasonography 0.377 Beta(40,66)

Women with DO that had a negative bladder ultrasonography 0.623 Remainder from above

Women with MUI that had a positive bladder ultrasonography 0.514 Beta(18,17)

Women with MUI that had a negative bladder ultrasonography 0.486 Remainder from above

Women with SUI that had a positive bladder ultrasonography 0.474 Beta(9,10)

Women with SUI that had a negative bladder ultrasonography 0.526 Remainder from above

Women that had a normal UDS that had a positive bladder
ultrasonography

0.444 Beta(16,20)

Women that had a normal UDS that had a negative bladder
ultrasonography

0.556 Remainder from above

Women with ‘other’ that had a positive bladder ultrasonography 0.462 Beta(6,7)

Women with ‘other’ that had a negative bladder ultrasonography 0.538 Remainder from above

TABLE 30 Accuracy data used in the model for clinical history

Description Proportion Distribution (parameter values)

Women with DO that had a clinical history of OAB 0.481 Beta(51,55)

Women with DO that had a clinical history of MUI 0.519 Remainder from above

Women with MUI that had a clinical history of OAB 0.114 Beta(4,31)

Women with MUI that had a clinical history of MUI 0.886 Remainder from above

Women with SUI that had a clinical history of OAB 0.105 Beta(2,17)

Women with SUI that had a clinical history of MUI 0.895 Remainder from above

Women that had a normal UDS that had a clinical history of OAB 0.500 Beta(18,18)

Women that had a normal UDS that had a clinical history of MUI 0.500 Remainder from above

Women with ‘other’ that had a clinical history of OAB 0.692 Beta(9,4)

Women with ‘other’ that had a clinical history of MUI 0.308 Remainder from above
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TABLE 31 Probabilities for the different interventions in the model

Description Mean (95% CI)
Distribution
(parameter values)a References

Clinical effectiveness of BTX-A in
women with DOb

0.568 (0.464 to 0.669)c Beta(50,38) Dowson et al.158

Clinical effectiveness of BTX-A in
women with MUIb

0.329 (0.200 to 0.483) Beta(13.42,27.36) Expert opiniond

Clinical effectiveness of BTX-A in
women with SUIb

0.143 (0.133 to 0.375) Beta(4.32,25.86) Expert opiniond

Clinical effectiveness of PTNS in
women with DO

0.606 (0.558 to 0.653)c Beta(245,159) Burton et al.82

Clinical effectiveness of PTNS in
women with MUI or SUI

0.314 (0.283 to 0.567) Beta(12.36,27) Expert opiniond

Clinical effectiveness of SNS
surgery in women with DO

0.675 (0.633 to 0.715)c Beta(338,163) Brazzelli et al.89

Clinical effectiveness of SNS
surgery in women with MUI or SUI

0.271 (0.233 to 0.550) Beta(7.74,20.82) Expert opiniond

Clinical effectiveness of sling
surgery in women with DO

0.310 (0.250 to 0.350) Beta(5.84,13) Jorgensen et al.159 in
Weber and Walters (2000)90

Clinical effectiveness of sling
surgery in women with SUI

0.868 (0.841 to 0.894)c Beta(547,83) Latthe et al.160

Clinical effectiveness of sling
surgery in women with MUI

0.560 (0.534 to 0.579)c Beta(1050,837) Jain et al.161

Clinical effectiveness of
colposuspension in women with DO

0.163 (0.153 to 0.386) Beta(5.95,30.56) Expert opiniond

Clinical effectiveness of
colposuspension in women with SUI

0.690 (0.612 to 0.762)c Beta(100,45) Dean et al.162

Clinical effectiveness of
colposuspension in women with MUI

0.489 (0.381 to 0.595)c Beta(40,42) Kulseng–Hanssen et al.163

a When mean and effective number of patients were available, these were used to derive the parameters for the
distribution. In other cases, the distribution was fitted to the mean and CIs.

b Clinical effectiveness relies on three BTX-A injections at yearly intervals.
c Information in the source consisted of point estimates and effectively treated number of patients. 95% CIs have been

derived from this information.
d The source of the expert opinion is described in Clinical data.

TABLE 32 Disaggregation of the effectiveness and drop-out rate in each BTX-A injection

Description First injection Second injection Third injection Reference

Proportion of the overall cure 0.34 0.52 0.14 Dowson et al.158

Drop-out ratea 0.20 0.08 0.00 Dowson et al.158

a Drop-out rate is based on only BTX-A related reasons. Other reasons (e.g. lost to follow-up or moved out of the area)
were not taken into consideration.
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A literature search was undertaken to identify the clinical effectiveness of interventions modelled in a
situation of a misdiagnosis. Apart from the clinical effectiveness of a sling surgery in women with DO
identified in a published economic evaluation,90 there was limited robust evidence to inform the
model about the clinical effectiveness of BTX-A in women with MUI and SUI or the clinical effectiveness of
PTNS and SNS in women with MUI or SUI. For this reason, these values were elicited from the anonymous
expert opinion of eight study collaborators on 18 June 2014. Expert opinion is a legitimate source of
information in decision modelling when other information is not available. Given that the parameters of
interest apply to very rare circumstances, it was appropriate to decide in advance to use a beta distribution
and use a simple approach to elicitation, asking for most likely value as well as lowest and highest,
interpreting these as mean and lower and upper limits of a 95% CI. Use of more elaborate elicitation
techniques165 was judged to be unlikely to make an appreciable difference to the modelling.

Other data used in the model are presented in Table 33. The proportion of women that proceed to an
implantation of a neurostimulator device (SNS stage II) after a PNE was informed by a systematic review.88 SNS
often requires a revision of the surgery and this was assumed to vary across time. More specifically, 9% of
women undergoing a SNS surgery are assumed to require a revision of the surgery within 2 years from the
surgery and 33% after 3–5 years. These values were taken from two systematic reviews.90,166 The probability
of removal of the implanted device and the probability that a maintenance surgery will be required ≥ 2 years
after surgery were also taken from these systematic reviews. In addition, VD is a possible adverse event after a
subjective cure from BTX-A injections and the proportion of women acquiring VD was taken from a RCT.91

Finally, the proportion of women with a diagnosis of MUI that choose BTX-A injections prior to a sling surgery
and women with a diagnosis of DO (or OAB) of that choose BTX-A injections instead of PTNS were informed by
the anonymous collaborators of this study.

TABLE 33 Additional model parameters

Description Proportion (95% CI)
Distribution
(parameter values)a References

Women choosing BTX-A before sling surgery 0.314 (0.275 to 0.683) Beta(5.74,12.53) Expert opinionb

Women choosing BTX-A instead of PTNS 0.750 (0.421 to 0.963)c Beta(6,2) Expert opinionb

Women acquiring voiding difficulties after
BTX-A

0.086 (0.042 to 0.143)c Beta(10,106) Tincello et al. (2012)91

Women with DO who are suitable for a SNS
stage II after a PNE

0.670 (0.450 to 0.880) Beta(11.23,5.53) Brazzelli et al. (2006)89

Women requiring revision of the SNS stage II
between 2 and 5 years after the surgery

0.330 (0.299 to 0.362)c Beta(282,573) Brazzelli et al. (2006)89

Women requiring revision of the SNS stage II
within 2 years of surgery

0.090 (0.064 to 0.119)c Beta(36,366) Siddiqui et al. (2010)166

Women requiring maintenance after 2 years
of the SNS stage II surgery

0.150 (0.111 to 0.195)c Beta(42,237) Brazzelli et al. (2006)89

Women requiring removal of the SNS stage
II-implanted device

0.107 (0.068 to 0.152)c Beta(22,184) Siddiqui et al. (2010)166

a Where mean and effective number of patients were available, these were used to derive the parameters for the
distribution. In other cases, the distribution was fitted to the mean and 95% CIs.

b The source of the expert opinion is described in Clinical data.
c Information in the source consisted of point estimates and effectively treated number of patients. 95% CIs have been

derived from this information.
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Cost data
Information from the NHS Reference Costs 2012–1330 and Curtis92 was used to parameterise the cost
component of the decision model. Costs were calculated in 2012–13 UK Great British pounds (£). These
costs of different interventions modelled are presented in Table 34. Costs selected from the NHS Reference
Costs have been calculated based on the weighted average value of elective inpatient and day-case costs
and the proportion of patients in each group. An exception is in the case of the evaluation stage of
the SNS, which is offered as a day case. Unit costs from the urology category were selected instead of the
average across different medical specialties, apart from the case of bladder ultrasonography for which only
a total Healthcare Resource Group (HRG) cost was available. The cost of three BTX-A injections has been
calculated by multiplying the unit cost of each injection (£912, 95% CI £704 to £1060) by the proportion
of women undergoing each injection. This has been calculated based on the proportions of women
becoming subjectively cured and dropping out after each BTX-A injection, which combines information
from Tables 31 to 32. Information about the mean cost and 95% CIs for three BTX-A injections across the
different syndromes is illustrated in Table 35.

TABLE 34 Cost data used in the model (£, 2012/13 prices)

Item
NHS Reference
Cost code Unit cost (95% CI)

Distribution
(parameter values)a Reference

UDS LB42A (Urology) 401 (216 to 462) Gamma(40.65,9.86) NHS Reference
Costs30

Bladder ultrasonography RA23Zb 51 Gamma(1.00,51.07)c NHS Reference
Costs30

BTX-A LB14Z (Urology) 912 (704 to 1060) Gamma(100.67,9.06) NHS Reference
Costs30

PTNS AA21F (Urology) 2221 (1274 to 2838) Gamma(30.81,72.08) NHS Reference
Costs30

Sling surgery LB59Z (Urology) 3917 (2599 to 5309) Gamma(31.93,122.69) NHS Reference
Costs30

SNS (evaluation stage) AA21F (Urology)d 1162 (1010 to 1293) Gamma(258.88,4.49) NHS Reference
Costs30

SNS (implantation stage) AB07Z (Urology) 6530 (4966 to 8347) Gamma(57.14,114.28) NHS Reference
Costs30

SNS (removal/maintenance) AB04Z (Urology) 4160 (2960 to 5831) Gamma(32.09,129.65) NHS Reference
Costs30

Burch colposuspension LB59Z (Urology) 3917 (2599 to 5309) Gamma(31.93,122.69) NHS Reference
Costs30

Training for
self-catheterisatione

– 84 Gamma(1.00,84.00)c Curtis92

a Unless otherwise indicated, distributions were fitted based on mean value and CIs.
b Based on total HRGs.
c Distributions were fitted by the method of moments assuming variance is equal with the mean cost.
d As a day case.
e Assuming an hour contact with a nurse.
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Outcomes
To examine whether or not a diagnostic test is a cost-effective component in the treatment pathway for
women with predominant symptoms of OAB, three different outcomes were considered: (1) women
successfully treated, as determined by subjective symptoms, (2) DO cases detected and (3) quality-adjusted
life-years (QALYs) based on the best available QoL data in the literature. The third combines quantity with
QoL, which is measured using utility weights. A review of the Cost-Effectiveness Analysis Registry167 using the
terms ‘overactive bladder’, ‘urinary incontinence’ and ‘detrusor overactivity’ was performed to identify relevant
utility weights for the outcomes experienced at a time point beyond the primary study end point. Eighteen
studies168–186 were identified and utility weights from one study168 were selected to represent the QoL for
subjective cure. This study was selected because the utility values were obtained with a sound theoretical
approach (time trade-off) and were relevant to the symptoms of OAB and the type of interventions modelled.169

Utility weights from other studies were not considered, either because they were focusing on a population
with OAB that was undergoing conservative treatments rather than invasive170–176 or because they were
focusing on women with SUI.177–182 In four more studies,183–186 the values of 0.95 and 0.73 were used to
represent the utility of continent and incontinent state for a relevant population and interventions, but these
were not considered appropriate because the former value in reality represents the utility weight of people
with no chronic condition187 and the latter is based on women with SUI.188 In the model, women who remain
symptomatic were assumed to maintain their initial QoL, which was informed by the primary study. Thus,
no QoL decrements were allowed to occur after diagnostic tests or after surgeries, even when they were the
outcome of a misdiagnosis. The QoL scores used in the model are shown in Table 36. QALYs were estimated
combining the utility weights with estimates of the duration of different health states.

TABLE 35 Undiscounted cost of three BTX-A injections for each syndrome

Syndrome Mean Lower 95% CI (£) Upper 95% CI (£)

DO £1669 1288 1939

MUI £1930 1490 2244

SUI £2134 1647 2480

Normal or ‘other’a £2290 1768 2662

a The cost shown for this category is based on the assumption of zero clinical effectiveness.

TABLE 36 Quality-of-life data used in the model

Utilities Mean Lower 95% CI Upper 95% CI
Distribution
(parameter values)a References

Initial utility

DO 0.600 0.532 0.668 Beta(8.96,5.98) BUS

SUI 0.660 0.514 0.807 Beta(18.92,9.74) BUS

MUI 0.718 0.637 0.799 Beta(49.12,19.29) BUS

Normal 0.656 0.558 0.753 Beta(22.13,11.63) BUS

‘Other’ 0.744 0.547 0.942 Beta(11.75,4.03) BUS

Utility for subjective cureb

Without side effects 0.920 0.710 0.990 Beta(10.69,0.93) Chen et al.168

With side effects 0.870 0.830 0.900 Beta(304,45.43) Chen et al.168

a Distributions were fitted based on mean value and CIs.
b For women that remain symptomatic it was assumed that initial QoL is maintained.
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Analysis
The decision model was constructed to investigate the cost-effectiveness of UDS compared with the
diagnostic strategies, the bladder ultrasonography test and clinical history alone. Two separate economic
analyses are carried out. The primary analysis provides a comparative evaluation of the costs and benefits
of the UDS, bladder ultrasonography and clinical history diagnostic strategies. In a secondary analysis, all
the different ways in which clinical history and a diagnostic test (UDS, bladder ultrasonography test) can be
used together are explored. This allows the exploration of whether or not a diagnostic test in selective
subgroups of women with predominant symptoms of OAB is a more cost-effective strategy than the three
strategies explored in the primary analysis.

In both primary and secondary analyses, subjective cure is used for the identification of women successfully
treated and UDS has been used as a reference standard. In the UDS arm, women with ‘normal’ or ‘other’
observations are assumed to remain symptomatic throughout the model period. However, in the case of
bladder ultrasonography and clinical history, these women receive treatment for OAB or MUI as a result of
a misdiagnosis. In such a situation, women were assumed to have a probability of becoming asymptomatic
mainly as a result of a placebo effect. In the absence of robust evidence to inform this probability, the
smallest figure of Table 31 (0.143, 95% CI 0.133 to 0.375) was selected.

The analyses were carried out from the perspective of the UK NHS and the primary outcome is in terms
of cost per woman successfully treated. Other outcomes included in the analysis are cost per DO case
detected and cost per QALY. The latter is the recommended outcome for economic evaluations in
the UK.189 Results presented in terms of QALYs represent an additional analysis and were not part of the
principal objective of the study. Results are presented in terms of incremental cost-effectiveness ratios
(ICERs) and cost-effectiveness acceptability frontiers (CEAFs). A 5-year time horizon was considered
appropriate to reflect all key differences, in terms of costs and benefits, for the options compared.
Costs and QALYs accruing beyond 12 months were discounted at a rate of 3.5% per year. According to
NICE,36 based on existing evidence,66 UDS should not be applied prior to the initiation of conservative
treatments but only when these are not effective and women are expected to proceed to more invasive
interventions. For this reason, the decision model is focusing on the subgroup population of the primary
study that had been taking conservative treatment before enrolling into the study and had complete
accuracy data on the three strategies modelled (n= 209).

Deterministic and probabilistic sensitivity analyses (PSAs) are performed to explore the effects of the
inherent uncertainty in parameter estimates on model results. In deterministic sensitivity analysis, one or
more parameters are varied while keeping the remaining at their baseline value. Although deterministic
sensitivity analyses can be helpful to identify which model inputs are important in driving a decision or
identify threshold values, comprehensive representation can be obtained by undertaking a PSA, in
which the uncertainty around a parameter is represented with a probability distribution.190,191 In the PSA,
using 10,000 repeated random draws from those distributions, a Monte Carlo simulation of the model
provides an indication of how variation in the model parameters leads to a variation in the results
generated. Beta and Dirichlet distributions were used for binomial and multinomial data, respectively
(see Tables 27–33 and Table 36) and a Gamma distribution for costs (see Table 34). The parameters of
each distribution are shown in the corresponding tables.
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Deterministic sensitivity analyses
A number of deterministic sensitivity analyses were conducted in both the primary and secondary analyses.
These deterministic analyses include both univariate and multivariate analyses to assess the impact of any
uncertainty in model parameters on the final results. Three univariate analyses and four multivariate
analyses were conducted based on the following justifications:

1. Univariate analyses

i. Reducing the cost of UDS from £401 (95% CI £216 to £462) to £173. The base-case value was
calculated based on the weighted average value of elective inpatient and day-care costs for a
urological intervention and the proportion of patients in each group. The value used in this sensitivity
analysis represents the weighted average value of total HRGs.30

ii. Increasing the cost of sling surgery by 50% to account for possible adverse events such as bladder
injury, vaginal erosion or groin pain.160

iii. Lowering the utility weight of women subjectively cured from 0.92 to 0.84. This value is drawn from
the BUS and represents the EQ-5D QoL score of those women that scored below four in the ICIQ
(low bother).

2. Multivariate analyses

i. Changing the accuracy data. The main analyses use UDS as a reference standard, which possibly
leads to an overestimation of its diagnostic accuracy. In addition, urinary diaries can complement
clinical history and provide a more accurate clinical assessment. The accuracy of UDS was reduced
using evidence from an economic evaluation,64 which reports 14% probability of false-positive
diagnoses for MUI when DO or SUI are the true conditions and 25% probability of false-positive
diagnoses for SUI when MUI is the true condition. Similarly, a systematic review150 has reported that
clinical history and information from diaries detect 53.4% of women with DO, increasing the
accuracy of clinical history by five percentage points.

ii. Changing the rates of clinical effectiveness elicited from expert opinion to their lowest value.
iii. Changing the rates of clinical effectiveness elicited from expert opinion to their highest value.
iv. Assuming one diagnostic test is offered prior to the initiation of the first-line interventions in line

with NICE guidelines.36

Results

Primary analysis
The costs and outcomes of each strategy in the primary analysis are shown in Table 37. In terms of cost,
UDS is the least expensive strategy (£4524) with clinical history and bladder ultrasonography costing an
additional £1278 (£5801) and £1424 (£5947), respectively. In terms of outcomes, treatment based on
clinical history appeared to be the most effective strategy apart from the number of DO cases detected,
for which UDS was more effective (as DO is an urodynamic observation rather than a clinical symptom,
a DO diagnosis is never made based on clinical history).

It is important to note that the total cost per patient (from £4524 to £5947) greatly exceeds the cost of
the initial tests (£401 for UDS or £51 for bladder ultrasonography) and thus the major determinants of the
costs are the treatment selections made based on the results of the tests.

In the deterministic analysis, the bladder ultrasonography test strategy was dominated by the other two
strategies as it was the most expensive and least effective strategy across all outcomes explored in the analysis.
In the remainder of this subsection, the results of the incremental analysis are described with more information
provided about the cost for an additional unit of outcome between the strategies compared. Dominated
strategies, such as bladder ultrasonography, are not described as a part of the incremental analysis.
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Results of primary analysis for the outcome of women successfully treated
As shown in Table 38, the diagnostic strategy of clinical history leads to an additional 26 cases per
10,000 women successfully treated compared with UDS at an additional cost of £1278 per woman. This
results in an ICER of £491,100 per woman successfully treated, which means that an additional £491,100
is required for each additional woman to be successfully treated as a result of a diagnosis by clinical history
compared with a diagnosis using UDS. The scatterplot in Appendix 10 (see Figure 52) shows the modelled
uncertainty in the cost and clinical effectiveness between UDS and clinical history from 10,000 Monte
Carlo simulations. The result of each simulation is plotted on the cost-effectiveness plane providing
information about the joint density of the differences in cost and clinical effectiveness between the
two strategies. It is evident that even though UDS is almost certainly a less costly diagnostic strategy, it is
uncertain whether or not it is more effective than clinical history. It is thus uncertain whether or not the
strategy based on UDS dominates clinical history or whether it provides savings for one woman less
successfully treated.

TABLE 37 Deterministic analyses results for primary and secondary analysis across the three outcome measures

Strategy Cost (£)

Clinical effectiveness

Women successfully treated QALYs DO cases detected

Primary analysis

UDS 4524 0.6149 3.6693 0.4870

Clinical history 5801 0.6175 3.6905 0.2440

Bladder ultrasonography 5947 0.6145 3.6211 0.2086

Secondary analysis

UDS 4524 0.6149 3.6693 0.4870

Clinical history and UDS in MUI 5126 0.6458 3.7169 0.4967

Clinical history and UDS in OAB 5198 0.5866 3.6429 0.2343

Clinical history and bladder
ultrasonography in MUI

5768 0.6540 3.6891 0.3523

Clinical history 5801 0.6175 3.6905 0.2440

Bladder ultrasonography 5947 0.6145 3.6211 0.2086

Clinical history and bladder
ultrasonography in OAB

5965 0.5957 3.6361 0.1004

TABLE 38 Deterministic results for non-dominated strategies of the primary analysis for women
successfully treated

Strategy Cost (£) Incremental cost (£) Clinical effectiveness Incremental effectiveness ICER (£)

UDS 4524 – 0.6149 – –

Clinical history 5801 1278 0.6175 0.0026 491,100
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The results of the PSA based on Monte Carlo simulation can also be used to illustrate, with a CEAF,
the probability that the optimal strategy, in terms of maximising the net benefit, is cost-effective under
current uncertainty at different levels of decision-makers’ willingness to pay (WTP) per additional woman
successfully treated. As illustrated in the CEAF for the comparison between UDS and clinical history
(see Appendix 10, Figure 53) for any value of WTP per woman successfully treated below £100,000, the
probability that UDS is cost-effective exceeds 61%.

Given that there is not a pre-specified threshold of WTP for an additional woman successfully treated,
as in the case of QALYs for which £20,000 to £30,000 are the recommended cut-off points by NICE,192

the identification of the probability of UDS being cost-effective is less straightforward and subject to
uncertainty owing to the number of assumptions required. Evidence suggests that the QoL of a woman
successfully treated is approximately 0.92173 and that improvements could be maintained for 5 years,161,166,193

which results in 4.6 QALYs. If a woman remained symptomatic for these years then she would have 3.2
QALYs. This is a multiplication of the weighted average of the initial QoL of each syndrome (see Table 36)
and the number of women with each syndrome (see Table 27), which leads to a value of 0.69, with the
number of years. The QALY gain from becoming subjectively cured is thus 1.4, and if the WTP for a QALY is
£20,000, £28,000 for a woman subjectively cured could be an acceptable WTP threshold. At this value,
there is a probability of 86% that UDS is the optimal strategy.

Results of primary analysis for the outcome of quality-adjusted life-years
In terms of QALYs, the diagnostic strategy of clinical history results in an additional 0.0212 QALYs gained
per woman compared with UDS. Given the additional cost of £1278 per woman, the mean ICER for clinical
history compared with UDS was estimated at £60,200 per QALY (Table 39). The results of the PSA show
that UDS is likely to be the most cost-effective diagnostic strategy for the commonly used £20,000–30,000
threshold of WTP for a QALY192 with 72% and 61% probability, respectively. If decision-makers are willing
to invest more than £60,200 for an additional QALY, clinical history becomes the optimal strategy with a
probability ranging from 52% to 57% as the WTP per QALY increases from £60,200 to £100,000. The
incremental cost-effectiveness scatterplot and the CEAF are shown in Appendix 10 (see Figures 54 and 55).

Results of primary analysis for the outcome of detrusor overactivity
cases detected
As evident in Table 37, UDS dominates clinical history as it is less expensive and detects a greater number
of cases of DO. However, the outcome of DO cases detected should be used with caution given that
DO constitutes a UDS observation rather than a clinical symptom, which consequently favours UDS.
The dominance of UDS is also depicted in a scatterplot and CEAF (see Appendix 10, Figures 56 and 57).

TABLE 39 Deterministic results for non-dominated strategies of the primary analysis for QALYs

Strategy Cost (£) Incremental cost (£) Clinical effectiveness Incremental effectiveness ICER (£)

UDS 4524 – 3.6693 – –

Clinical history 5801 1278 3.6905 0.0212 60,200
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Secondary analysis
In this analysis, apart from the main strategies explored in the primary analysis, four further strategies
that use a diagnostic test as an adjunct to the clinical history have been included. In these strategies, a
diagnostic test (UDS, bladder ultrasonography) is conducted when clinical history has indicated either OAB
or MUI. This analysis aims to provide a further insight into the cost-effectiveness of performing a diagnostic
test only in selective subgroups of the population modelled. When UDS is used as an adjunct to the clinical
history if OAB or MUI has been indicated from patient history, the strategies have been termed as clinical
history and UDS in OAB and clinical history and UDS in MUI, respectively. Similarly, when the bladder
ultrasonography test complements clinical history, the terms clinical history and BUS in OAB as well as
clinical history and BUS in MUI are used.

The mean estimated costs and outcomes for each of the seven strategies compared in the secondary
analysis are presented in Table 37. In terms of cost, UDS is again the least expensive strategy with a mean
cost of £4524. In terms of outcomes, conducting a diagnostic test when clinical history suggests MUI
appears to be more effective in all three outcomes considered in the analysis. More specifically, performing
bladder ultrasonography if the patient’s history indicates MUI is the most effective strategy when the
outcome is measured in women successfully treated, while conducting UDS if MUI is indicated by the
clinical history is the most effective strategy when the outcome is measured in terms of QALYs and DO
cases detected.

Results of secondary analysis for the outcome of women successfully treated
Appendix 10, Figure 58, illustrates the mean cost and clinical effectiveness in terms of women successfully
treated for all strategies included in the secondary analysis. The line connecting the estimates for UDS, to
that for the strategy of clinical history and UDS in MUI, then to that for clinical history and BUS in MUI,
creates a cost-effectiveness frontier. These strategies, as indicated in Figure 58, have been dominated.
The deterministic results of secondary analysis for the non-dominated strategies are presented in
Table 40. The results show that performing UDS when clinical history indicates MUI means there will
be an additional 309 successfully treated women per 10,000 and an additional cost of £603 per woman.
This leads to an ICER of £19,500 per woman successfully treated. Performing a bladder ultrasonography
test when clinical history indicates MUI requires an additional £641 per woman and leads to an additional
82 cases per 10,000 women successfully treated compared with UDS, which gives an ICER of £78,600 for
an additional woman successfully treated.

The scatterplot in Appendix 10, Figure 59, depicts the overall uncertainty in the cost and clinical effectiveness
(women successfully treated) when 10,000 random draws from parameter distributions in a Monte Carlo
simulation process are used instead of mean estimates. Given the degree of overlap in the results obtained
from the different strategies compared, it is evident that there is uncertainty as to which diagnostic strategy
is optimal. This uncertainty has been graphed in the CEAF in Appendix 10, Figure 60. As shown in Figure 60,
if the WTP for a woman successfully treated is below £19,500, UDS is the optimal strategy under current
uncertainty with a probability of being cost-effective above 52%. Above this WTP threshold, clinical history
with UDS in MUI becomes the optimal strategy. At WTP values between £19,500 and £78,600 per woman
successfully treated, there is a probability of 37–48% that clinical history and UDS in MUI is the strategy that
maximises the net benefit. If a decision-maker is willing to invest more than £78,600 per woman successfully

TABLE 40 Deterministic results for non-dominated strategies of the secondary analysis for women
successfully treated

Strategy Cost (£)
Incremental
cost (£)

Clinical
effectiveness

Incremental
effectiveness ICER (£)

UDS 4524 – 0.6149 – –

Clinical history and UDS in MUI 5126 603 0.6458 0.0309 19,500

Clinical history and bladder
ultrasonography in MUI

5768 641 0.6540 0.0082 78,600
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treated, clinical history with bladder ultrasonography in MUI becomes the optimal choice. At the WTP
threshold of £28,000 per woman successfully treated, which, according to the corresponding section of the
primary analysis, was considered to be an acceptable WTP threshold for this outcome, there is a probability
of almost 50% that clinical history with UDS in MUI is the optimal strategy.

Results of secondary analysis for the outcome quality-adjusted life-years
In terms of QALYs, the only non-dominated strategies are the UDS and the UDS as an adjunct to the
clinical history in women with patient history of MUI (see Appendix 10, Figure 61). As shown in Table 41,
the latter strategy leads to an additional 0.476 QALYs gained per woman at an additional cost of £603.
This means that the strategy of performing UDS in women with a clinical history of MUI requires an
additional £12,700 for an additional QALY compared with UDS, which is considered to be cost-effective.
The results of the PSA indicate that at commonly cited ceiling ratios between £20,000 and £30,000 per
QALY, clinical history and UDS in MUI is likely to be the optimal strategy with a probability of being
cost-effective at 72% and 78%, respectively. The graphs representing the uncertainty in the estimated
costs and QALYs and the uncertainty around the optimal strategy across a range of possible values of WTP
for an additional QALY are shown in Appendix 10 (see Figures 62 and 63).

Results of secondary analysis for the outcome of detrusor overactivity
cases detected
According to the evidence of the deterministic analysis presented in Table 42, having UDS as an adjunct to
the clinical history in women with a patient history of MUI is £603 (£5126) more expensive and more
effective, leading to an ICER of £62,100 for an additional DO case detected compared with UDS.
According to the results of the PSA, if decision-makers’ WTP for a DO case detected is below £62,100,
UDS is the optimal strategy. As the WTP for this outcome increases from £62,100 to £100,000, the
strategy of clinical history and UDS in women with a clinical history of MUI becomes more cost-effective
with a probability ranging from almost 50% to 75%. As in the outcome of women successfully treated,
the identification of the optimal strategy and the probability of this strategy to be cost-effective for an
additional DO case detected is not straightforward as there is not a predefined threshold of WTP.
However, it was shown that the probability of a DO case to become subjectively cured is approximately
60%. In this situation, an increase in QoL from 0.6, which is the QoL of a woman with DO (see Table 36),
to 0.92 would be expected to occur. That means that the weighted average of the QoL for a DO case
detected is 0.79. A DO case detected could thus lead to a 0.95 QALY gain. As a consequence, a plausible
WTP threshold for a DO case detected could be £19,000. For this value, there is a 99% probability that
UDS is the optimal choice. The cost-effectiveness plane, the scatterplot and the CEAF for this outcome are
shown in Appendix 10 (see Figures 64–66).

TABLE 42 Deterministic results for non-dominated strategies of the secondary analysis for DO cases detected

Strategy Cost (£)
Incremental
cost (£)

Clinical
effectiveness

Incremental
effectiveness ICER (£)

UDS 4524 – 0.4870 –

Clinical history and UDS in MUI 5126 603 0.4967 0.0097 62,100

TABLE 41 Deterministic results for non-dominated strategies of the secondary analysis for QALYs

Strategy Cost (£)
Incremental
cost (£)

Clinical
effectiveness

Incremental
effectiveness ICER (£)

UDS 4524 – 3.6693 – –

Clinical history and UDS in MUI 5126 603 3.7169 0.0476 12,700
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Sensitivity analyses for the primary and secondary analysis:
univariate sensitivity analyses

Reducing the cost of urodynamics
The cost of UDS used in main analyses (£401) represents the weighted average value between elective
inpatient and day-case costs and the proportion of patients in each of the two groups for the urology
service description. In this sensitivity analysis, the average weighted value across all HRGs (£173) is used.30

Lowering the value of UDS would lead to an increase in the ICER of any strategy compared with this
diagnostic test. As evident in Table 43, the ICER of all strategies increased in all three outcomes compared
with the deterministic results of the main analysis without any impact on the conclusions drawn.

TABLE 43 Results of univariate sensitivity analyses for primary and secondary analysis

Strategy

ICER (£)

Women successfully treated QALYs DO cases detected

Reducing the cost of UDS (primary analysis)

UDS – – –

Clinical history 602,800 73,900 Dominated

Reducing the cost of UDS (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 23,200 15,100 74,000

Clinical history and bladder ultrasonography in MUI 100,000 Dominated Dominated

Increasing the cost of sling surgery by 50% (primary analysis)

UDS – – –

Clinical history 706,800 86,600 Dominated

Increasing the cost of sling surgery by 50% (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 17,600 11,400 56,000

Clinical history and bladder ultrasonography in MUI 119,100 Dominated Dominated

Lowering the utility weight of women subjectively cured (primary analysis)

UDS – – –

Clinical history 491,000 Dominated Dominated

Lowering the utility weight of women subjectively cured (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 19,500 22,500 62,200

Clinical history and bladder ultrasonography in MUI 78,600 Dominated Dominated
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Increasing the cost of sling surgery by 50%
In this sensitivity analysis, the cost of sling surgery was increased from £3917 to £5876 with the purpose
of capturing other possible adverse events, such as bladder injury, vaginal erosion or groin pain,160 that
were not modelled. An increase of the cost of sling surgery led to an increase of the ICER of clinical history
because of the larger number of women with DO (or OAB) undergoing surgeries for MUI or SUI as a result
of a misdiagnosis. Having UDS as an adjunct to the clinical history when MUI is indicated by the patient
does, in theory, mean fewer women with DO (or OAB) undergoing sling surgery owing to the larger
sample size on which diagnostic accuracy is applied. This explains the decrease of the ICER of clinical
history and UDS in MUI strategy. The results obtained from the main analyses remained unchanged.

Lowering the utility weight of women subjectively cured
This sensitivity analysis explores the impact that a lower QoL score for women becoming subjectively cured
would have on model results. Given that more women become subjectively cured from any strategy
containing clinical history than with UDS and bladder ultrasonography test alone, lowering the utility
weight would result in an increase of the ICER for the different strategies of clinical history. As shown in
Table 43, lowering the utility weight of women becoming subjectively cured from 0.92 to 0.84 makes
clinical history dominated by UDS in the primary analysis and leads to an increase in the ICER of clinical
history and UDS in MUI from £12,700 to £22,500 in secondary analysis. Again, the conclusions drawn
from the main analyses remained unchanged.

Sensitivity analyses for the primary and secondary analysis:
multivariate sensitivity analyses

Changing the accuracy data
In the main analyses, UDS was used as a reference standard. This possibly led to an overestimation of its
diagnostic accuracy and subsequently an overestimation of the results obtained from the economic
evaluation. In addition, clinical history can be complemented by urinary diaries (clinical assessment) and
possibly provide a more accurate diagnosis of the underlying syndrome. For this reason, this sensitivity
analysis explores the impact on the results generated from the main analysis if lower accuracy is assumed
for UDS and higher for clinical history. A 14% probability of false-positive diagnoses for MUI when DO or
SUI are the true conditions and 25% probability of false-positive diagnoses for SUI when MUI is the true
condition were assumed for UDS.64 For clinical history, a 53.4% accuracy of detecting DO from OAB
predominant symptoms was assumed.150 As seen in Table 44, this has significantly improved the ICERs but
without a major impact on the conclusions from the primary analysis. The ICER of clinical history from the
primary analysis was reduced from £60,204 to £31,000, which is slightly over the upper WTP threshold for
a QALY. The only change in the decision was in the case of DO cases detected, in which the clinical history
and UDS in MUI strategy became cost-effective, as opposed to dominated, considering the ICER found
from the sensitivity analysis (£14,100) is below £19,000, which was considered a plausible value of WTP
for a DO case detected. With this change, clinical history and UDS in MUI is the optimal choice across the
three outcomes used in the analysis.

Using the lowest rates of clinical effectiveness elicited from expert opinion
In this sensitivity analysis, the lowest rates of clinical effectiveness elicited from expert opinion are used to
examine the impact of lower effectiveness in cases of a misdiagnosis on the model results (see Clinical
data). For this analysis, the clinical effectiveness of BTX-A, when the true conditions are MUI and SUI, were
decreased from 0.329 and 0.143 to 0.200 and 0.133, respectively. The clinical effectiveness of PTNS and
SNS in women without DO was also reduced from 0.314 and 0.271 to 0.283 and 0.233, respectively.
Finally, the clinical effectiveness of colposuspension in women with DO was reduced from 0.163 to 0.153.
Reducing the effectiveness of interventions in situations of a misdiagnosis was expected to lead to an
increase in the ICER of the strategies compared with UDS. This is evident in the results of Table 44.
The results obtained from the sensitivity analysis did not impact on the conclusions drawn from the
main analyses.
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Using the highest rates of clinical effectiveness elicited from expert opinion
In this sensitivity analysis, effectiveness rates elicited from expert opinion were taken to their highest value
(see Clinical data). More specifically, the effectiveness of BTX-A, when the true conditions are MUI and SUI,
were increased to 0.483 and 0.375, respectively. For the effectiveness of PTNS and SNS in women without
DO the values 0.567 and 0.555 were used. Finally, the effectiveness of colposuspension in women
with DO was increased to 0.386. According to the results of Chapter 5, Table 16, this sensitivity analysis
affected the initial decision in one outcome of the base-case and secondary analysis. More specifically, in
the base-case analysis, clinical history became cost-effective in terms of QALYs with an ICER of £21,000
compared with UDS. In the secondary analysis, clinical history and bladder ultrasonography in MUI became
cost-effective with an ICER of £14,000 for a woman successfully treated compared with UDS.

TABLE 44 Results of multivariate sensitivity analyses for primary and secondary analysis

Strategy

ICER (£)

Women successfully treated QALYs DO cases detected

Changing the accuracy data (primary analysis)

UDS – – –

Clinical history 63,700 31,000 Dominated

Changing the accuracy data (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 16,500 10,500 14,100

Clinical history and bladder ultrasonography in MUI 39,600 Dominated Dominated

Using the lowest rates of clinical effectiveness elicited from expert opinion (primary analysis)

UDS – – –

Clinical history Dominated 66,900 Dominated

Using the lowest rates of clinical effectiveness elicited from expert opinion (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 20,900 13,100 62,300

Using the highest rates of clinical effectiveness elicited from expert opinion (primary analysis)

UDS – – –

Clinical history 30,700 21,000 Dominated

Bladder ultrasonography 34,800 Dominated Dominated

Using the highest rates of clinical effectiveness elicited from expert opinion (secondary analysis)

UDS – – –

Clinical history and bladder ultrasonography in MUI 14,000 Dominated Dominated

Clinical history and UDS in MUI Dominated 11,500 63,000

Clinical history Dominated 83,800 Dominated

Assuming one diagnostic test is given in the treatment pathway (primary analysis)

UDS – – –

Clinical history 555,000 69,500 Dominated

Assuming one diagnostic test is given in the treatment pathway (secondary analysis)

UDS – – –

Clinical history and UDS in MUI 22,300 14,400 78,600

ECONOMIC EVALUATION OF ALTERNATIVE DIAGNOSTIC STRATEGIES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

72



Assuming one diagnostic test is given in the treatment pathway
This sensitivity analysis explores the impact on the results of the main analyses if one diagnostic test was
performed in the treatment pathway prior to the initiation of more invasive interventions, as indicated in
the 2006 NICE report.36 As shown in Table 44, the ICER of all strategies compared with UDS was increased
without any impact on the conclusions from the main analyses. This finding implies that at the level of
accuracy data used in the model, having one UDS is more cost-effective.

Discussion

Principal findings
The results of the deterministic analysis suggest that a patient management strategy based on using
bladder ultrasonography to select treatment options is more costly and less effective than the strategies
based on UDS and clinical history. Given that the results of the main study show that bladder
ultrasonography is of limited diagnostic value, the uncertainty around the deterministic results of this
strategy was not explored in a PSA.

With regard to the other two strategies, treating according to the primary symptoms in clinical history is more
effective than UDS, leading to an additional 26 cases per 10,000 women successfully treated and 0.02
QALYs gained per woman. This comes at an additional cost of approximately £1300 per woman arising from
the costs of the treatments used. Given current acceptable thresholds, this additional cost would not be
justified by the clinical gain. In terms of DO cases detected, UDS detects more cases than clinical history at a
lower cost. Thus, the results of the primary analysis suggest that UDS would be the preferred strategy on
cost-effectiveness grounds for women with predominant symptoms of OAB. This result holds for all three
outcome measures used in the primary analysis. This finding has arisen because, although the UDS test itself
adds to the cost of clinical history, basing treatment decisions on the UDS leads to more efficient use of
expensive interventions than basing decisions on clinical history alone.

In the secondary analysis, the strategy of giving UDS to women with a clinical history of MUI is more
effective than universal UDS. The selective use was shown to result in an additional 309 cases per
10,000 women successfully treated and the QALY gain per woman was 0.05. The additional cost
per woman was £600. This strategy would be considered value for money according to acceptable
thresholds in the UK. Based on cost per DO case detected, UDS was not deemed cost-effective for these
women given the ICER of £62,000. This is not a surprising finding as DO is an urodynamic observation
and not a clinical symptom.

Univariate and multivariate sensitivity analyses were performed to explore the robustness of the model
results to changes in the assumptions made. Conclusions drawn from the main analysis remained robust to
all sensitivity analyses apart from the scenario in which the highest effectiveness rates were assumed in
cases of misdiagnosis.

Strengths and limitations of the study
The prevalence and accuracy data were estimated in the primary study and the main clinical pathways
were parameterised with clinical effectiveness data mostly from systematic reviews and meta-analyses.
In addition, costs were drawn from national sources and the development of the model relied on national
guidelines. These are likely to enhance the generalisability of the study’s findings. Finally, all assumptions
used in the model were agreed a priori and key assumptions have been tested in sensitivity analyses.

However, there are a few weaknesses. Instead of clinical history, the best alternative strategy to compare
the cost-effectiveness of UDS with could have been clinical assessment. Urinary diaries, for example, are
used to complement clinical history and provide a joint decision based on clinicians’ assessment rather than
on patient’s history alone. Furthermore, ambulatory UDS has been shown to be more sensitive in detecting
DO,194 or generally the underlying syndrome of UI,195,196 than conventional UDS and thus the results of the
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economic evaluation may overstate the cost-effectiveness of UDS, as it has been used as a reference
standard. Ambulatory UDS was used as part of the primary study in situations of a negative UDS, but in
the subgroup population used for the model, the number of observations were not enough to be tested in
a sensitivity analysis (n= 7).

A further limitation relates to the QoL estimates used for the outcomes experienced beyond the primary
study end point. In the absence of robust utility weights, it was assumed that women maintain their QoL if
an invasive intervention is not successful and that all women have a utility score of 0.92 once they become
subjectively cured. In reality, however, utility decrements can occur after invasive and poorly tolerated
diagnostic strategies, such as UDS or surgeries. In addition, utility gains tend to differ between different
syndromes and severity of symptoms. Despite the low accuracy of the QALY estimates used in the model,
there was a significant consistency between the results obtained from the primary outcome (cost per
woman successfully treated) and the results obtained using QALYs.

Furthermore, in the absence of available literature on the clinical effectiveness of the different interventions
modelled in situations of misdiagnosis, values had to be elicited from expert opinion (see Clinical data).
Probabilistic and deterministic sensitivity analyses were undertaken to reduce the uncertainty around these
parameter estimates and explore their impact on conclusions drawn. Another limitation relates to the fact
that the order of the interventions modelled for the treatment of women with predominant symptoms of
OAB might be slightly different in practice. For example, after an unsuccessful sling surgery, instead of
going through a Burch colposuspension, women may repeat the sling surgery. However, such differences
are not expected to significantly impact on the results of the model. Finally, the syndromes of OAB, SUI
and MUI are often associated with substantial personal costs. These costs are not included in economic
analyses conducted from a health-care perspective and thus economic evaluations from a societal perspective
could shed further light onto the cost-effectiveness of the alternative diagnostic strategies for women with
predominant symptoms of OAB.

Strengths and limitations in relation to other studies
Economic evaluations that have explored the role of UDS in the treatment of women with predominant
symptoms of SUI65 or genuine SUI64,89 have concluded that UDS is not a cost-effective diagnostic test.
However, for women with predominant symptoms of OAB, relevant economic evidence on the role of UDS
is lacking, while clinical evidence remains inconclusive.17,29,66

The results of the economic evaluation of this chapter suggest that UDS has a role to play in the treatment
pathway of women with OAB. An investigation into whether or not a diagnostic test is more cost-effective
when performed in only specific subgroups of women concluded that the most cost-effective diagnostic
strategy is to perform UDS in women with a clinical history of mixed incontinence. This finding seems to be
further supported by evidence from clinical studies indicating that in women with OAB only an urodynamic
observation of DO does not have an impact on the outcome of more invasive interventions,84,86,197 but also
from evidence indicating that mixed urinary symptoms tend to be more common than mixed UI on UDS.13,198

The magnitude of DO appears to be close to 50%,198 as it was also found in the primary study (55%).

Meaning of the study
The results of the economic evaluation showed that UDS is a cost-effective diagnostic strategy for women
with predominant symptoms of OAB for whom conservative treatments were not effective. The primary
analysis suggested that UDS is the most cost-effective strategy across all outcomes providing significant
cost-savings for a small reduction in outcome. The secondary analysis suggested that selective UDS,
restricting its use to women with a clinical history of MUI, is a cost-effective strategy.
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Unanswered questions and future research
In this study, UDS was used as the reference standard, which may have led to an overestimation of its
diagnostic accuracy. Evidence suggests that ambulatory UDS is more sensitive in detecting DO194 and other
syndromes of UI.195,196 Furthermore, a more appropriate comparator for UDS would have been the clinical
assessment, which would provide an overall clinical diagnosis based on the clinical history (validated
questionnaires) and urinary diaries. Thus, a comparative evaluation of the costs and benefits of UDS and
clinical assessment using ambulatory UDS as a reference standard would help gain further insight into the
cost-effectiveness of UDS in women with predominant symptoms of OAB.

Furthermore, there are significant inconsistencies in the instruments used in the literature to capture
QoL in women with urinary symptoms. Disease-specific instruments, such as the incontinence-specific QoL
questionnaire and other non-preference-based measures that are often used in women with OAB symptoms,
offer limited usefulness as outcome measures in cost-effectiveness analyses;199 although, mapping algorithms
have now started to be developed.200 Nevertheless, for conditions such as OAB, in which symptoms can also
be associated with non-health impacts (e.g. embarrassment), instruments that go beyond health and capture
wider changes in individual’s QoL may be deemed more pertinent. An example is the ICECAP-A measure,201

which incorporates capability attributes on Attachment, Security, Role, Enjoyment and Control. Further
research is required in the use of such instruments in women with urinary symptoms.

Finally, it appears that further research is needed to resolve current decision uncertainty around the
cost-effectiveness of UDS in all women with predominant symptoms of OAB or in only those with a clinical
history of MUI. A measure of the maximum possible value of any such research is the expected value of
perfect information (EVPI). EVPI is estimated from the difference between the expected net benefit
with perfect and current information, and multiplied by the size of the population that could benefit from
additional information. Based on estimates of prevalence of women with predominant symptoms of OAB
in the UK202–204 and an incidence rate of 6% (54,000 women),205 while assuming a time horizon of
10 years and an annual discount rate of 3.5%, the EVPI was estimated at almost £36M and £77M at a
WTP threshold of £28,000 per additional woman successfully treated for the primary and secondary
analyses, respectively (see Appendix 10, Figures 67 and 68). These figures reflect the large expected
opportunity loss associated with current decision uncertainty and the need for further primary research.
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Chapter 8 Discussion

Introduction

We have completed five distinct studies that address the following aims in this HTA project:

1. To determine the accuracy (sensitivity, specificity, predictive values, ROC curves, AUC) of transvaginal
BWT as the index test and UDS as the reference standard to investigate DO in women with OAB.

2. To determine the reproducibility of the index test BWT and audit the quality of index test and the
reference standard.

3. To compare the acceptability of bladder ultrasonography with UDS.
4. To determine the outcome of treatment responses based on the UDS diagnoses at 6 and 12 months.
5. To determine the cost and cost-effectiveness of UDS in the management pathway of women with OAB

using a decision-analytic model.

Each of these studies has been described in detail and the main findings and conclusions reported in the
four preceding chapters. This chapter focuses on the key findings and limitations.

Principal findings

Contrary to findings from previous studies, we found no evidence that transvaginal BWT had any useful role
in the diagnosis of DO, regardless of cut-off point (AUC 0.53, 95% CI 0.48 to 0.57). Extensive sensitivity
analyses and subgroup analyses were carried out without any evidence of an increase in the performance
of BWT; these included excluding the population with a history of MUI and also excluding those with ‘dry’
OAB. Furthermore, BWT had no relationship to symptoms as measured by ICIQ-OAB score, either on
presentation or in the long term, so has no predictive or prognostic value as a test in this condition.

The accuracy study is the largest and only multicentre study evaluating bladder ultrasonography and was
undertaken in a pragmatic manner to reflect NHS practice. The fact that we picked up DO in 60% of the
OAB/urgency-predominant MUI population and this is similar to other studies on DO prevalence in OAB17

indicates that our sampling was representative. However, our study differed in that we excluded cases of pure
SUI as these are accurately diagnosed on the basis of symptoms and examination without need for UDS or
ultrasonography. We focused on the value of ultrasonography in those who do not have a clear clinical
diagnosis of SUI, as this is the place in the course of the diagnostic pathway where ultrasonography would be
used (if accurate) to replace UDS.

We undertook three separate studies to investigate the intraobserver and interobserver variation of BWT
using transvaginal ultrasonography and concluded that it was unlikely that this measurement would be
sufficiently reliable or reproducible to be an accurate diagnostic test in routine clinical practice. Only
differences > 2mm could be safely interpreted as real change in BWT meaning that for the vast majority of
women (84%) there could be some possibility of misclassification when using a cut-off point of 5mm.

Transvaginal ultrasonography was more acceptable as well as less painful than UDS. In spite of this, a high
proportion of women said that they would recommend the UDS test to a friend (88%) and also have it
repeated (86%).
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The model-based economic evaluation concluded that UDS is a cost-effective strategy for women with
predominant symptoms of OAB for whom conservative treatments were not effective. Further analyses
concluded that this may be a more pertinent strategy in the population of women with mixed urinary
continence. Bladder ultrasonography was not a cost-effective test.

In current practice, UDS diagnosis appeared to have an effect on the subsequent treatment received by the
patients who were followed up. These included increased chance of having surgical treatment (e.g. 15
times greater odds of having surgery for USI if given a combined diagnosis of DO and USI than those with
normal UDS results). Women diagnosed with DO were three times more likely to have reported taking
bladder relaxants in the follow-up period up to 2 years post test. This raises a question as to whether or
not UDS can increase clinicians’ willingness to prescribe bladder relaxants or patients’ compliance and
perseverance with antimuscarinics. NICE36 and other guidelines around the world206 recommend that UDS
is not necessary before conservative management, including pharmacotherapy. However, our study
findings raise the possibility that a UDS diagnosis of DO may have a role in helping women to continue
treatment with antimuscarinics.

The long-term follow-up also found that patients were more likely to report improvement in symptoms if
they received a medical or surgical treatment in concordance with their urodynamic diagnoses. This suggests
UDS may play a part in improving outcomes of subsequent treatment for women with suspected OAB.

Strengths and limitations

The robust design and execution of our test accuracy study provides confidence that our estimates of
diagnostic accuracy are valid. We complied with, and reported all, criteria for a high-quality test accuracy
evaluation.207 A very high proportion of patients completed index test verification with the reference
standard [97% (644/666)], ensuring a near complete verification design. Other strengths include a
recruitment of a large sample of 644 women with both index and reference standard results, in excess of
our original sample size calculation of 600, ensuring we had sufficient power to exclude the possibility
of BWT being a clinically important test. Recruitment was prospective and consecutive in a multicentre
setting of women with varying ages, parity, ethnicity and disease severity, increasing the generalisability of
the results. We minimised the risk of bias by ensuring that the index tests and reference standard were
performed independently and interpreted blind to each other. We ensured that tests were undertaken
by trained NHS staff (ensuring generalisability) but according to standard protocols for both index and
reference standard testing with quality assurance checks to ensure quality control. A pre-specified statistical
plan was followed, and comprehensive independent oversight was maintained via an independent Trial
Steering Committee (TSC).

The study recruited women of varying ages, parity, ethnicity, disease severity and from diverse regions
across the NHS. The large sample also gave the opportunity to rigorously analyse the acceptability of both
the index test and reference standard and to provide data for the concurrent health economic evaluation.
The follow-up of patients up to 2 years post test provided invaluable data with regard to the subsequent
treatment and clinical outcomes in this group.

In spite of very careful planning of our study design, we acknowledge several limitations of our study.
Inclusion of urgency-predominant MUI was based on the patient’s history, which revealed whether or not
stress or urgency incontinence was most bothersome at the time of presentation. Other studies have utilised
the MESA questionnaire subscale scores for urgency and SUI,208 and categorised women who had higher
MESA scores for urgency incontinence (than their MESA subscale scores for SUI) as urgency-predominant
MUI along with urogenital distress inventory scores, bladder diaries and UDS.16 Although we have
not objectively assessed the severity of each type of incontinence before deciding if the patient
suffered from urgency-predominant MUI, we have utilised direct patient questioning of which is the most
bothersome type of incontinence on history taking, which is a true reflection of routine clinical practice.

DISCUSSION
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Although our reference standard, UDS, is the accepted ‘gold standard’ for diagnosis, it is known for its
uncertain reproducibility. In previous urodynamic trials that evaluated the reproducibility of UDS in healthy
patients and patients with OAB, inconsistency between serial urodynamic procedures were a common
finding.106–109 In a multicentre study with serial UDS in patients with OAB, there was increased variability in
pressure measurements than volume measurements.209 Using an imperfect test as a reference standard may
underestimate the test accuracy of our index test, but not to the point of finding no relationship at all, as
occurred in the BUS. Our investigation of the long-term follow-up results showed prognostic relationships
with UDS, indicating that it does have discriminatory value.

We did not address a study objective to examine the add-on value of bladder ultrasonography to the
information already gained from non-invasive tests such as bladder diaries, clinical history and the
disease-specific QoL questionnaires. As we did not find bladder ultrasonography to be an accurate test
for detection of DO on its own, this objective became redundant. However, we did examine which
clinical history variables were associated with DO diagnosis, and baseline ICIQ-OAB score appeared to be
highly associated. We were unable to perform ambulatory UDS as a secondary verification test despite its
inclusion in the protocol as it was not available at all centres. Sensitivity analyses for accuracy of BWT of
a small subgroup of women (n= 14) who underwent ambulatory UDS at the main recruiting centre did not
show any difference.

The follow-up of this cohort of women is based on selected treatments and thus does not provide evidence
of the clinical effectiveness of different interventions owing to the inevitable confounding by indication.
We did not have enough power to differentiate between the effect of the different types of treatment;
instead, we combined them into a ‘meta-effect’ of treatment concurrent with diagnosis.

Implications for practice

Transvaginal ultrasonographic measurement of BWT is not an accurate method of diagnosing DO. UDS,
the gold standard test for lower urinary tract conditions, was found to be the most cost-effective test
in the management of OAB, particularly in the MUI subgroup once conservative treatments were
exhausted. Offering UDS earlier on in the management of mixed incontinence may help achieve a greater
degree of patient satisfaction and save valuable money and time for the NHS.

Recommendations for research

Diagnostic accuracy of individual components of office evaluation of OAB may be different to the
composite test accuracy of all the components of office evaluation. Studying composite test accuracy of
various components in this context may be a highly complicated exercise. Further studies need to be
planned to look into composite test accuracy of office evaluation with or without UDS in OAB.

In women with OAB/urgency-predominant MUI, RCTs comparing treatment based on UDS diagnoses
compared with clinical diagnoses (history and examination alone), and related health economic evaluations
for these interventions, are required to consolidate the role of UDS in the management of OAB/MUI
women, as already carried out for SUI.87
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Appendix 1 Independent monitoring of the
Bladder Ultrasound Study incorporating a novel
approach for developing stopping criteria using the
interim assessment of test accuracy

Background

Independent oversight for the BUS was requested by the funding body (NIHR HTA programme); however,
how this oversight should be arranged or what it should entail was unclear as the study was not considered
to be distinct from that of more commonly funded study types, that is, RCTs.

Numerous recommendations are available regarding the establishment and operation of TSCs and DMCs210,211

but there is a lack of guidance for studies of test accuracy. In a rare example, Daniels et al.212 reported their
experiences in the monitoring of a test accuracy study in another HTA funded study – Group B Streptococcus
(GBS) Study. Here, they make some recommendations about how they think such studies should be
monitored including monitoring by combining the functions of the TSC and DMC, provided care pathways
were not being altered as a result of evaluating new tests. More specifically, the independent members of the
TSC were to form a subgroup DMC in charge of reviewing recruitment, disease prevalence, study quality,
safety and the need for additional analyses.

One interesting component of the recommendations in the GBS study was that interim assessment of
test accuracy (e.g. sensitivity, specificity) should be made available to the DMC if possible during the study.
However, there is no guidance on how these estimates should be used to contribute towards the
decision-making by the DMC about whether the study should be closed prematurely, modified or continued
without change. For example, for the recommendation of ‘the study should be closed immediately and
completely’, the associated rationale is based on only potential harm to the patient through the test or
through new convincing external evidence.

In this section we briefly outline the independent monitoring arrangements for the BUS, which were similar
to the aforementioned Daniels et al.212 study. We then describe the novel arrangements proposed for
making decisions about whether or not to modify the study based on interim estimates of sensitivity
and specificity.

Arrangements for oversight

There was a working assumption by the co-investigators that the arrangements for oversight would work
in a similar fashion to the aforementioned GBS study212 (Figure 20).

Given this assumption, five independent members were initially appointed to the TSC with no separate DMC
group proposed. These members were Professor Doug Tincello (Professor of Urogynaecology, University of
Leicester) chairperson; Dr Patrick Chien (Consultant Gynaecologist, University of Dundee); Dr Jonathan Cook
(statistician and Associate Professor, University of Oxford); Dr Karen Ward (Consultant Urogynaecologist,
Central Manchester University Hospitals); and Mrs Jean Perks (lay representative). Dr Ward had experience in
the clinical area and Dr Cook had experience in diagnostic research methods. Non-independent members
consisted of the chief investigator (Dr Pallavi Latthe) and other co-investigators (Professor Arri Coomarasary,
Professor Jon Deeks, Dr Jane Daniels and Miss Victoria Brooks). Mr Lee Middleton was the study statistician.
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At an initial pre-recruitment meeting of all members, the group felt the combined oversight model similar
to the GBS study was indeed appropriate as the proposed index test was low risk and the results of the
index test were not being used in patient care. In addition, patients with suspected DO would receive the
reference standard test as part of routine care and thus they were not being subjected to any additional
testing apart from the additional index test.

One change from the GBS approach was proposed. Although the DMC committee was to be formed as a
subgroup from the independent TSC members, it was decided that the chairperson of the TSC would not
be part of this subgroup. The rational for this was to make sure there was a level of separation between
DMC discussions and the larger TSC. This left three independent members on the subgroup DMC
(Professor Patrick Chien, Dr Jonathan Cook and Dr Karen Ward).

Discussions took place about whether or not interim estimates of the index test would be used to make any
decisions about the continuation or modification of the study. Given the likelihood of harm to the patient
though testing was considered to be low, one option considered was to not use them at all and to base any
decision-making on other factors such as recruitment, patient safety and new external evidence. Conversely,
it was debated whether or not it would be appropriate to carry on the study if it was shown at interim
analysis that BWT was overwhelmingly good or bad as a diagnostic test. Factors here included saving time,
expense and the good will of the study participants. The independent members of the committee agreed
on the latter argument and decided that the subgroup DMC members, study statisticians Jon Deeks and
Lee Middleton, should meet to decide on a sensible way to proceed with this dilemma (see Development of
a stopping rule) as there was no methodological work in this area that would be useful for guidance.

Future meetings of the TSC and subgroup DMC were to take place on the same day on a 6-monthly basis.
The subgroup DMC and study statistician, Lee Middleton, were to meet prior to the full group to discuss
the interim analysis and were to feedback any recommendations based on this analysis to the wider TSC
group. Only the independent members of the DMC would be eligible to vote on any recommendations.
These recommendations could consist of: no action needed, study continues as planned; the study should
be closed immediately and completely; the study should be closed to a particular subgroup on the grounds
of safety or accuracy; the study should be closed owing to futility with respect to study recruitment; the
study should be modified.

Investigators

Monitoring
committee

Confidential
interim
analysis

Study
management

group

Statistician

Chief
investigators

Chief
investigators Statistician

Funder/
sponsor

DMC

FIGURE 20 Flow chart of arrangements for oversight.
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Development of a stopping rule

The members of the DMC agreed that any potential stopping rule should be stringent and provide
convincing evidence in test-positive and -negative cases. If there was convincing evidence, then the DMC
may consider stopping the study prematurely. However, it was considered that other factors, such as safety
data and external evidence, should be taken into account before making this decision.

It was suggested that the clinical members of the group should consider what levels of post-test probabilities
would be considered conclusive, that is what value would be so high in test-positive cases that bladder
ultrasonography diagnosis of DO would be considered conclusively convincing or, alternatively, so low in
test-negative cases that a non-DO diagnosis was convincing. Post-test probabilities were suggested as they
focus the attention on probability of disease given test result in an individual patient as opposed to thresholds
of sensitivity and specificity, which are population-based measures.98 The two clinical members suggested
anything over 90% post-test probability would be convincing for test-positive cases, with less than 60% not
convincing. For test-negative cases, anything under 10% would be convincing, with greater than 40%
not convincing.

A further complication was that a pre-planned cut-off point for BWT that optimises sensitivity and
specificity was not known; a cut-off point of 5mm was suggested in the statistical analysis plan, with
further pre-planned analysis using ROC curves to investigate where the optimal point might be. For this
reason, it was considered that the focus of any interim analysis output should be the ROC curve rather
than any pre-prescribed cut-off point. It was suggested that plots of ROC curves of interim results could be
visually compared with the post-test probabilities suggested by the clinical members if these post-test
probabilities were converted to LRs and plotted on the same graph. If CIs for the ROC curves were also
included then these could be used as thresholds of convincing evidence; 99% CIs were suggested as a
conservative measure.

An example of this suggested method was drawn up as per Figure 21. The LRs are calculated using the
formula: LR= post-test probability/[pre-test odds × (1 – post-test probability)].98 The pre-test odds were
taken from the current literature for DO which suggested 50% in this population, that is the pre-test odds
in the case was equal to one [0.5/(1–0.5)]. If the lower CI of the ROC curve were to enter the shaded
green area (i.e. the test is overwhelmingly convincing at ruling in/out disease) or similarly the upper CI of
the ROC curve were to enter the green shaded area (i.e. the test is overwhelmingly unconvincing at ruling
in/out disease) then the members could consider stopping the study prematurely.

ROC curve

LR + = 1.5

LR + = 9

LR– = 0.11

= 1

Sn
LR– = 0.67

1-Sp

ROC CI

FIGURE 21 Plots of ROC curves.
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Meetings

First meeting to assess interim data, 31 July 2012: 369 participants recruited, 300 complete sets of data
available for analysis.

The members reviewed the following items, which did not raise any concerns: recruitment, participant
demographics and withdrawal from the study, data completeness and study organisational issues.
No serious adverse events had been reported in relation to the tests.

The current estimate of prevalence of DO was estimated to be 62% (95% CI 57% to 68%), higher
than the 50% estimate used in the sample size calculation at the outset. This caused an unexpected
complication as it was also higher than the lower threshold for post-test probability that the DMC
suggested would be unconvincing in test-positive cases (60%). It was also apparent (Figure 22) that BWT
was performing much worse than expected as a test and that it was difficult to determine where an
optimal cut-off point would be, given the poor overall performance. The DMC decided to remain with the
LRs agreed originally for poor performance at ruling in or out DO (1.50 and 0.67, respectively). They also
agreed that 99% CIs for the LRs at the 5mm cut-off point – which had been suggested a priori as an
optimal point – would be used to compare against these thresholds to determine if the study would stop
or continue. The positive LR at the 5mm cut-off point was 1.01 (99% CI 0.65 to 1.57) and the negative
likelihood was 1.00 (99% CI 0.81 to 1.23). The latter did not contain the original threshold (0.67) but the
former did (1.5). It was agreed with all the independent members that recruitment should carry on but
further analysis should be completed once complete data were available on 450 women to give the
data further chance to mature but to be able to retain the option to stop the study early.

Second meeting to assess interim data, 12 December 2012: 546 participants recruited, 456 complete sets
of data available for analysis.

The members again reviewed recruitment, demographics, withdrawals, data completeness, safety and
study organisational issues. No concerns were raised. The positive LR at the 5mm cut-off point was 1.09
(99% CI 0.76 to 1.56) and the negative LR was 0.96 (99% CI 0.81 to 1.14). As the positive LR contained
1.5, it was decided that the study should continue to recruit until its scheduled end date; end of March
2013. It was decided that recruitment should definitely not extend beyond this time period even if the
estimated disease prevalence was higher than originally estimated (and, therefore, different from the
original sample size assumptions). There would be no more interim analyses.
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FIGURE 22 The ROC curve for BWT at DMC meeting.

APPENDIX 1

NIHR Journals Library www.journalslibrary.nihr.ac.uk

100



Summary

In this section we described the arrangements for oversight in the BUS. This oversight had been requested
by the funding body but with limited guidance that did not take into account the distinct nature of a
diagnostic study as opposed to a RCT. A TSC was formed with a subgroup, which agreed to perform the
role of a DMC.

Given that the index and reference standard test results were available within a month of patient
recruitment, it was decided that interim analyses could be used to drive a decision about whether or not to
stop the study prematurely. This was based on the rationale that if the main study question had been
answered early then it would be unethical to continue on the grounds of saving time, money and to not
waste the good will of the participants. Results of the index test were not available to clinicians and were
not changing care pathways and hence this was not a consideration.

The members derived a stopping rule by considering levels of post-test probability that would be considered
conclusive in test-positive and -negative cases. These were then converted to positive and negative LRs
using an estimate of the pre-test odds. It was these LRs that were used as thresholds to compare against
interim estimates and CIs. As an optimum cut-off point for the index test was not known, it was suggested
that plots of LRs could be compared visually against ROC curves. This later proved difficult and a simpler
approach using the estimates of LR from the best-known estimate of cut-off point was used.

Similar to any RCT there exists some uncertainty in the initial sample size calculation in any diagnostic
study. This means that there is potential that a test could be conclusively proven to be useful or useless
prior to the full target sample being recruited. The approach adopted here, using ROC curves or simple
cut-off point estimate of LR, is straightforward and could be adapted by any large diagnostic study for
which results are available relatively quickly during the recruitment period.

While considering post-test probabilities to inform stopping thresholds has the advantage of being a more
interpretable measure than sensitivity and specificity, one needs a decent estimate of the pre-test odds
to convert these to a LR. This may not be available at all or it may be inaccurate as in this study. If there is
likely to be large uncertainty around the estimate of pre-test odds, it may be advisable to skip this step and
decide the stopping thresholds based on LRs or sensitivity/specificity estimates. For example, you could set
a rule to stop the study prematurely if you were 99% confident of the LRs being greater than 10 (i.e. the
lower bound of the CI greater than 10). Another option would be to base stopping rules on CIs for an AUC.

A further complication with incorporating CIs for ROC curves is that they are not very straightforward to
produce owing to their two-dimensional nature;213 SAS has no function or macro available to produce
them and the only bespoke macro available in Stata (version 13; StataCorp LP, College Station, TX, USA) is
out of date and, currently, not being supported. For the interim analysis in BUS we resorted to overlaying
two separate plots – one with 99% CIs for sensitivity and a similar one for specificity.

In hindsight, the DMC might reflect that they were being too conservative suggesting the use of 99% CIs.
Indeed, if a 95% CI had been used then the upper limit for the positive LR would have been 1.41 (less than
the 1.5 limit used) at the first review of data in July 2012. They may have been more inclined to suggest
stopping the study prematurely if this had been what they agreed originally but clearly there was no strong
desire to do so. We can speculate that if the index test had been more invasive to women (ultrasonography
was almost unanimously rated as a very acceptable test by participants) or was directing patient care, then
they may have felt more inclined to recommend stopping the study.

In conclusion, despite the extra work need to produce interim analyses during the study, the methodology
used here could be adapted for other large diagnostic studies for which results are available quickly. Side
benefits of producing interim analysis also include the advantage of a closer examination of the data,
which may uncover issue like the quantity of missing data.
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Appendix 2 Study accrual
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FIGURE 23 Graph showing the recruitment rate per month through the study period.
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Appendix 3 Sensitivity analyses
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FIGURE 24 The ROC curve from sensitivity analysis using measurement 1 cm left of dome (AUC 0.507, 95% CI
0.461 to 0.553; p= 0.76 compared with AUC= 0.50).
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FIGURE 25 The ROC curve from sensitivity analysis using measurement 1 cm right of dome (AUC 0.502, 95% CI
0.456 to 0.548; p= 0.92 compared with AUC= 0.50).
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FIGURE 26 The ROC curve from sensitivity analysis excluding those results for which the UDS test was not blind to
the results of the ultrasonography test [16/632 women (3%); AUC 0.528, 95% CI 0.480 to 0.575; p= 0.25 compared
with AUC= 0.50].
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FIGURE 27 The ROC curve from sensitivity analysis excluding those results for which there was more than 4 weeks
between the tests [26/660 women (4%); AUC 0.526, 95% CI 0.479 to 0.572; p= 0.28 compared with AUC= 0.50).
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FIGURE 28 The ROC curve from sensitivity analysis incorporating incomplete ultrasonographic measurements
(10 observations – average of remaining one or two measurements used; AUC 0.529, 95% CI 0.484 to 0.574;
p= 0.21 compared with AUC= 0.50).
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FIGURE 29 The ROC curve from sensitivity analysis using ambulatory UDS diagnosis where available
(14 participants; AUC 0.520, 95% CI 0.475 to 0.566; p= 0.39 compared with AUC= 0.50).
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FIGURE 30 The ROC curve from exploratory analysis including the urgency alone group (as per clinical history;
excluding mixed stress/urgency incontinence group: 217 patients; AUC 0.530, 95% CI 0.452 to 0.609; p= 0.45
compared with AUC= 0.50).
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FIGURE 31 The ROC curve from exploratory analysis including the ‘pure’ DO group only [diagnosis of DO/low
compliance/DO plus low compliance, excluding ‘mixed’ DO (DO with another diagnosis of USI or VD); AUC 0.489,
95% CI 0.440 to 0.531; p= 0.54 compared with AUC= 0.50].
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FIGURE 32 The ROC curve from exploratory analysis including the ‘wet’ DO group only (excluding ‘dry’ DO;
AUC 0.548, 95% CI 0.501 to 0.594; p= 0.05 compared with AUC= 0.50).
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FIGURE 33 Box and whisker plot comparing BWT for ‘wet’ and ‘dry’ DO.
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FIGURE 34 The ROC curve from exploratory analysis using the trigone measurement alone for BWT (AUC 0.519,
95% CI 0.473 to 0.564; p= 0.42 compared with AUC= 0.50).
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FIGURE 35 The ROC curve from exploratory analysis excluding those who had a detrusor pressure rise on
provocation testing ‘provoked DO’ (187 cases; AUC 0.541, 95% CI 0.487 to 0.595; p= 0.14 compared
with AUC= 0.50).
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FIGURE 36 The ROC curve from exploratory analysis excluding those who had PVR of >30ml on testing (34 cases AUC
0.526, 95% CI 0.479 to 0.572; p=0.28 compared with AUC=0.50).
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FIGURE 37 The ROC curve from exploratory analysis using the average of dome, 1 cm left of dome, 1 cm right of
dome (AUC 0.537, 95% CI 0.491 to 0.582; p= 0.12 compared with AUC= 0.50).
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Appendix 4 Subgroup analyses

TABLE 45 Results of ROC curve analysis in pre-specified subgroupings

Variable Value AUC 95% CI
p-value for difference
between AUCs

Previous treatment with antimuscarinics No 0.536 0.481 to 0.592 0.48

Yes 0.501 0.420 to 0.582

Clinical history suggested mixed incontinence No 0.534 0.460 to 0.608 0.73

Yes 0.518 0.460 to 0.575

Presence of UTI in the last 12 months No 0.530 0.482 to 0.578 0.53

Yes 0.586 0.417 to 0.755

Patients with voiding difficulties No 0.533 0.472 to 0.594 0.84

Yes 0.524 0.454 to 0.593

Previous incontinence surgery No 0.526 0.479 to 0.573 0.76

Yes 0.493 0.294 to 0.693

BMI < 25 0.519 0.424 to 0.614 0.95

≥ 25 0.523 0.471 to 0.575

TABLE 46 Results of univariate analysis exploring factors possibly associated with DO diagnosis

Variable Data type p-value
OR (95% CI) if
statistically important

Frequencies (binary/
categorical data)

ICIQ score (best= 0, worst= 16) Continuous < 0.0001 1.23 (1.15 to 1.31)

BWT, mm Continuous 0.19

Age, years Continuous 0.66

Duration of symptoms, years Continuous 0.45

BMI, kg/m2 Continuous 0.38

Ethnicity (white/black/Asian/other) Categorical 0.59

Vaginal birth, yes Binary 0.64

Clinical history suggests mixed
incontinence, yes

Binary 0.40

If clinical history suggests mixed
incontinence, which came first
(stress/urge/unsure/NA)

Categorical 0.66

Previous treatment with
antimuscarinics, yes

Binary 0.001 1.74 (1.24 to 2.44) 68% (152/222) DO when= yes;
56% (245/441) DO when= no

Previous UTI in last 12 months, yes Binary 0.08 0.60 (0.34 to 1.07) 48% (24/50) DO when= yes;
61% (363/599) DO when= no

History of voiding difficulties, yes Binary 0.16

Post menopausal, yes Binary 0.67

Parity (0/1/2/3/4+) Categorical 0.27

Previous incontinence surgery, yes Binary 0.59

Previous POP surgery, yes Binary 0.32

NA, not applicable.
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TABLE 47 Results of multivariable analysis exploring factors possibly associated with DO diagnosis

Model Significant variables p-value OR (95% CI) if significant

Backward selection
(p= 0.1 to stay in model)

ICIQ score < 0.0001 1.21 (1.13 to 1.29)

Previous UTI in last 12 months 0.04 0.51 (0.27 to 0.97)

All variables included ICIQ score < 0.0001 1.21 (1.13 to 1.29)

Previous UTI in last 12 months 0.06 0.53 (0.27 to 1.03)

All variables included,
multiple imputation used
for missing data

ICIQ score < 0.0001 1.23 (1.15 to 1.31)

Previous treatment with
antimuscarinics

0.02 1.57 (1.09 to 2.28)

Previous UTI in last 12 months 0.07 0.57 (0.31 to 1.06)
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Appendix 5 Standard operating procedure
for urodynamics

The UDS should be performed with aseptic precautions, counselling and verbal consent and according to
the Good Urodynamics Practice Guidelines (Schafer et al.96).

The equipment needed for the running of the urodynamic clinic include:

l catheter pack
l filling catheter
l abdominal and bladder pressure catheters
l instillagel/sterile lubricant gel
l Four × 3-way taps (depending on the type of transducers being used)
l Two × fluid-filled domes
l One 500ml bag of normal saline used for irrigation
l One pump infusion set
l One set guard
l Two × giving sets
l Two × 100ml bag normal saline to flush the domes
l Three × pieces of tape (micropore, etc., to attach once catheters inserted; ensuring they stay in place

during filling)
l One pair of sterile gloves
l non-sterile gloves
l Two × incontinence pads (one used for the floor and one for the patient to sit on)
l paper roll to cover the couch
l sharps box
l plastic apron
l towel or cover for the patient
l clean trolley with antiseptic wipes.

Please note: the above items may vary depending on the type and make of equipment used in each clinic,
supplies used at the trust and also in accordance to infection control and hospital policies.

l Ensure all equipment is set up and the person performing the test has not also undertaken
ultrasonography on the patient.

l Ensure the UDS test form is to hand and the patient registration number is entered.
l If, for any reason, the test had to be abandoned, note this on the test form.

Uroflowmetry (initial voiding test)

l The patient is asked to attend clinic with a comfortably full bladder.
l The patient should be encouraged to sit in order to void into the voiding flow/volume transducer

funnel mounted under the commode.
l The patient should be instructed to dispose of any tissues/wipes into the bin/bag provided and not into

the flow metre.
l The utmost privacy must be maintained during the test and the patient should be made to feel

comfortable and relaxed, enabling a usual voided pattern to be established.
l The maximum void flow rate and volume should then be recorded.
l The PVR volume should then be recorded using a drainage catheter and measuring container.
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Filing cystometry (catheterisation)

It is essential that the machine is calibrated, set at zero at atmospheric pressure and a reference level for
pressures should be established.

l Ideally the patient should be in the sitting position for the test. If this is not possible it should be
recorded on the test form. A sheet should be provided for covering, maintaining dignity.

l Under aseptic technique, introduce catheters up through the urethra into the bladder and one into
the rectum.

l Prior to filling, ask the patient to cough so that the traces can be observed. The spikes on the
intravesical and intra-abdominal lines should be identical. Any necessary adjustments should be made
and the cough repeated.

l Fill rate should be recorded on the test form, but is recommended as 100ml per minute.
l Ask the patient to cough every minute to ensure continued subtraction. If the lines slip, then stop the

filling and rectify the problem.
l Complete test form with the number of millilitres at which the patient reports first, normal and strong

desire to urinate, pain and volume leaked (if applicable).
l Total volume in the bladder at end of filling should be recorded.
l Detail any rise in detrusor pressure with or without urgency.
l At the end of filling, the large catheter used for filling the bladder is removed. The small catheter

remains in the bladder to record voiding pressures (if using two separate catheters in the bladder).

Provocation test (while bladder is still filled)

While the intravesical and intra-abdominal lines are in situ, the patient should stand up on the
incontinence sheet provided and the provocation tests such as running taps, coughing, etc., should
be performed.

l Complete methods used and observations on the test form.

Voiding cystometry

l Allow patient to void into commode, recording peak flow rate, maximum void pressure and residual
volume with the pressure lines still in. During this voiding phase, the patient’s dignity and privacy must
be maintained and staff should leave the room if necessary.

l Ask the patient to cough pre-void and post void to ensure adequate subtraction.

Diagnosis

On completion of the investigation, the results may be explained to the patient and fluid advice should
be given.

l Record diagnosis in red section of test form.
l Any ‘optional’/additional tests undertaken should be noted at the end of the form.
l If video UDS is being done, then it is recorded at the end of the form.
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Optional tests

l If patient is scheduled for ambulatory UDS, then please give this information on the form.

Advice for patients

All women who have undertaken the test should be advised to expect some dysuria for up to 72 hours,
their fluid intake should be increased during this time.

The occurrence of systemic symptoms, pyrexia and malaise should be advised as an indication to seek
medical advice, that is, from their GP.

A contact number should be provided if problems occur.
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Appendix 6 Bladder Ultrasound Study standard
operating procedure for scanning

To be used in conjunction with training video.

Clinician preparation

l The clinician performing the bladder ultrasonography should be different from the clinician performing
the UDS, to ensure blinding between the two tests.

l If, for any reason, this is not possible, bladder ultrasonography should be performed before the UDS.

Patient preparation

l The patient may be seen in various settings:

¢ clinic (patient may need other assessment)
¢ scan department (may require renal tract assessment and attends with full bladder).

l Ensure patient empties bladder before assessment of BWT and PVR.
l Important to stress need to void as completely as possible.

Machine and probe preparation

l Ensure scanner is capable of measurement in millimetres (mm).
l Set to the scanner to the gynaecological preset.
l Use a transvaginal probe (not a rectal probe)

¢ multifrequency – use between 7 and 9MHz for optimal image (no lower than 5MHz).
¢ Prepare the probe:

¢ clean
¢ put gel into probe cover, excluding air
¢ put gel onto tip of probe.

Timescales

l Ultrasonography should ideally be completed in a one-stop clinic with the UDS test.
l The two tests should be undertaken by different clinicians to ensure blinding of results.
l If it is not possible to hold one-stop clinics, ultrasonography and UDS tests should be undertaken no

more than 4 weeks apart.
l The second test can be undertaken up to a further 4 weeks after this cut-off point (8 weeks in total

from the first test), but the data collected will be classed as a protocol violation.
l If the patient is happy to have one or both tests retaken (effectively constituting a second ‘set’ of tests),

they can do so, as long as they have not become ineligible in the interim (i.e. begun medication).
l An interval of more than 8 weeks between the two tests will be designated as breach of protocol and

no per patient payment will be provided for these patients.

DOI: 10.3310/hta20070 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 7

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Rachaneni et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

119



Ultrasonography assessment

l The patient should be in the supine position (stirrups or pad under pelvis as appropriate).
l The transvaginal probe should be inserted into the introitus in the longitudinal plane.
l Position should then be assessed on screen.
l Identify the urethra in sagittal orientation.
l Position probe such that the vesicoureteric junction is close to top of screen (Figure 38).
l Ensure image sizing is appropriate for screen, between 5 cm and 7 cm depth.
l Focal zone positioned at region of interest; multiple focal zones if possible to give good definition at

various levels.

The PVR and BWT should be measured before any other assessment, as in patients who have filled their
bladder beforehand, it may fill during scan.

Post-void residual

l Identify entire bladder in sagittal plane, measure longest anteroposterior dimension and then
cranio–caudal dimension perpendicular to this (Figure 39).

l Rotate probe through 90° and measure axial dimension (Figure 40).
l Most machines are now able to generate volumes automatically (need to select this before starting

with callipers).
l If not available, use the following to standardise calculations: cranio–caudal (H) × anterior–posterior

(D) × transverse diameter (W) × 0.5233 (prolate ellipsoid)= PVR volume.

Eligibility: proceeding to bladder wall thickness measurement

l If PVR ≤ 30ml, proceed with BWT measurement.
l If PVR > 30ml, ask patient to revoid.
l If, after re-void, PVR is > 30ml but < 100ml measure the BWT.
l If PVR is > 100ml, exclude patient from bladder ultrasonography.

FIGURE 38 Image showing urethra and bladder neck near top left.
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FIGURE 39 Transvaginal scan in sagittal section to measure the anteroposterior and cranio–caudal dimensions of
the bladder.

FIGURE 40 Transvaginal ultrasound in coronal section to measure the axial dimension of the bladder.
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Bladder wall thickness assessment

l Measurement should be obtained in sagittal plane with vesicoureteric junction on margin of screen
(probe may need to be introduced slightly further).

l Three ×measurements: at the dome, anterior wall and trigone need to be obtained. Then also measure
BWT at dome 1 cm to the left and right of midline (Figures 41 and 42).

l The same image should be stored twice: with and without callipers.
l Any focal areas of thickening need separate assessment and evaluation.
l It is not always possible to see the anterior wall or trigone well, as many women with bladder problems

often have an irregular bladder outline, but it is always possible to see the dome.
l If the whole of the bladder is not visible on one image (as is preferable), there may be the need to

angle anteriorly or posteriorly and measure the trigone or anterior wall thickness.
l Patients with significant cystocoeles may find complete emptying difficult and trigone may be difficult

to visualise adequately.
l It is important to document any additional findings (e.g. diverticuli, cystocoeles, focal masses).

FIGURE 41 Transvaginal scan with callipers showing measurements on the dome, anterior wall and trigone.

FIGURE 42 Transvaginal scan showing the three dome measurements.
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Providing electronic images
Anonymised electronic images for each patient should be provided, labelled clearly with study identifier as
the only identifier. These images should be as follows:

1. PVR image 1 WITH callipers.
2. PVR image 1 WITHOUT callipers.
3. PVR image 2 WITH callipers.
4. PVR image 2 WITHOUT callipers.
5. BWT image 1 WITH callipers.
6. BWT image 1 WITHOUT callipers.
7. BWT image 2 (optional) WITH callipers.
8. BWT image 2 (optional) WITHOUT callipers.

For optimal quality these should be sent to Birmingham Clinical Trials Unit on disc or memory stick, ideally
in DICOM format.

Failing this JPEG (Joint Photographic Experts Group) images will be accepted.

If downloadable images are not possible, please supply a print out of each image listed above, ensuring
that the print quality is optimal (what is seen on screen).

Summary

l Prepare patient (ensure voiding takes place just prior to scan and measure in supine position).
l Prepare machine (use vaginal probe and frequency 7–9MHz for optimal image).
l Urgency severity scores assessment

¢ Important to obtain good-quality images.
¢ Callipers placed on margin of bladder wall for thickness; within bladder lumen (on wall)

for volumes.
¢ Store images with and without callipers for cross-referencing and evaluation.
¢ Measure if PVR is ≤ 30ml, revoid if PVR is > 30ml and measure if PVR is > 30ml but < 100ml,

exclude if PVR is > 100ml.
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Appendix 7 Summary of studies included in the
updated systematic review on accuracy of bladder
ultrasonography for diagnosing detrusor overactivity
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Appendix 8 Interobserver and intraobserver
variation studies
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Appendix 9 Economic evaluation decision trees
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FIGURE 43 Basic structure of the decision tree (primary analysis). BUS, bladder ultrasonography.
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FIGURE 44 Basic structure of the decision tree (secondary analysis). BUS, bladder ultrasonography.
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Appendix 10 Incremental cost-effectiveness
scatterplots and cost-effectiveness acceptability
figures
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FIGURE 53 Cost-effectiveness acceptability frontier for the comparison between UDS and clinical history for the
case of women successfully treated.
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FIGURE 52 Incremental cost-effectiveness scatterplot of UDS vs. clinical history for women successfully treated.
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FIGURE 54 Incremental cost-effectiveness scatterplot of UDS vs. clinical history for QALYs.
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FIGURE 55 Cost-effectiveness acceptability frontier for the comparison between UDS and clinical history for the
case of QALYs.
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FIGURE 57 Cost-effectiveness acceptability frontier for the comparison between UDS and clinical history for the
case of DO cases detected.
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FIGURE 56 Incremental cost-effectiveness scatterplot of UDS vs. clinical history for DO cases detected.
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FIGURE 58 Cost-effectiveness plane showing the mean cost and clinical effectiveness (women successfully treated)
for all strategies.
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FIGURE 59 Scatterplot showing the uncertainty in costs and effectiveness (women successfully treated) for
all strategies.
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FIGURE 60 Cost-effectiveness acceptability frontier for the comparison between UDS, clinical history and bladder
ultrasonography in MUI and clinical history and UDS in MUI for the case of women successfully treated.

C
o

st
 (

£)

Bladder ultrasonography
Clinical history
Clinical history and bladder 
ultrasonography in MUI
Clinical history and bladder 
ultrasonography in OAB
Clinical history and UDS in MUI
Clinical history and UDS in OAB
UDS
Dominated
Undominated

3.63 3.64 3.66 3.67 3.68 3.69 3.71 3.723.62
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000

3.65 3.70
Clinical effectiveness (QALYs)

FIGURE 61 Cost-effectiveness plane showing the mean cost and clinical effectiveness (QALYs) for all strategies.
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FIGURE 67 Population EVPI for the main outcome measure (primary analysis).
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FIGURE 68 Population EVPI for the main outcome measure (secondary analysis).
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