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Abstract

Objective

Women=with overactive bladder (OAB) often undergo urodynamics before invasive
treatments are considered. Ultrasound measurement of bladder wall thickness (BWT) is a
less invasive, less expensive and widely available test. It has the potential to elidbgnos
presence of Detrusor Overactivity (DO). We aimed to evaluate the accuracy of BWT in
diagnosis of,DO.

Design

Prospectivescohort study

Setting

22 UK clinics (university and distt general hospitals)

M ethods

Consecutive eligible women with  OAB symptoms had transvaginal ultrasound to
estimate BWT (index test). The reference standard for the diagnosis of DO was

urodynamic testing witinultichannel subtracted cystometry.

M ainoutcome measur es

The sensitivity, specificity and likelihood ratios using a BWT threshald tf
indicate“the" presence of DO, and the area under the receiver operating characteristics

(ROC) curve to give an overall estimate of BWT accuracy.

Results

BetweenMarch 20112013, 644/ 687 (94%) women recruited had both tests. The mean
age was 52.7 years (standard deviation 13.9) and DO was diagnosed in 399/666 (60%) of
women. BWT had a sensitivity of 439%®©5% confidence interval (Cl): 383%)
specificity of 62%(95% CI: 5568%), and likelihood ratios of 1.11 (95% CI: 0-2235)
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and 0.93(95% CI: 0.82.06)for positive and negative tests respectively. The area under
the ROC curve was 0.585% CI: 0.48-0.57). Extensive sensitivity analyses and

subgroup analyses were carried out, but did not alter the interpretation.

Conclusions

BWT ismet‘a-good replacement test for urodynamics in women with overactive bladder.

K eywords

Overactive bladder; bladder wall; ultrasound; urodynamics; diagnostic accdedaysor

overactivity

Tweetable abstr act

Bladder,wall thicknesss not a good replacement test for urodynamics in women with
overactive.bladder.

Study Registration

The'study protocol was registeredI&RCTN46820623.
http://www.isrctn.com/ISRCTN46820623

I ntroduction

Overactive bladder (OAB) is a debilitating condition that affects 12% of world
population.and increases with dgelt is defined as a symptom complex of urinary
urgency,. with or without incontinence, usually with increased urinary frequency, or
nocturiasbut in the absence of infection or other proven pathofotiyis associated with

a considerable economic burden from both a societal and patient perspective.

At present, invasive urodynamics is the gold standard test for assessment of OAB
unresponsig to conservative manageméntlt is an intimate andnvasive test with
urinary tract infection (UTI) rates following urodynamiesported to beébetween 3 to
20%?> A common pathology underlying OAB is detrusor overactivity (Dibjserved in
54-58% of women with symptonfsAt present, National Institute of Health and Care
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Excellence (NICE)guidance recommends treatments such as Botulinum toxin A or

neurostimulation only in patients diagnosed with DO on urodynamics.

Bladder wall thickness (BWT) measured by ultrasgraphyhas been proposed as a less
invasive alternative to urodynamics to identify DO. A systematic review of BW&d
that all existing studies were small and of variable qudlifie reported sensitivity
varied between 484%, and specificity between -B®%. The need for further evidence
was identified as a priority in a NICguideliné and a Health Technology Assessment

report?

We report results of a large prospective, multicentre test accuracy study undertaken to
evaluate whether BWT measured by ultresgraphycan accurately diagnose DO in
women with OAB symptoms. The assessment of reproducibility of the test and the cos

effectiveness analysis are reported elsewffere
M ethods

Participants

Consecutive women scheduled for investigation of OAB symptoms were proslyective
approached for recruitment and cons&lielb appendi¥igure S1). Women were asked

to completera bladder diary for the three days preceding their test appointment.

Women, were eligible for inclusion if they provided written informed consent and
satisfied dlthe following criteria: 1) urinary frequency of 9 voids or more in eh@dr

period for at least one day in a 3 day bladder diary; 2) mild to severe urgency recorded on
at least two occasions in the bladder diary and 3) post void residual (PVR)evelOth

ml.

Exclusion criteria were: 1) symptoms of pure stress urinary incontinence (SUI) or stress
predominant mixed incontinenc®) current pregnancy or up to six weeks postpartum; 3)
SUI surgery and/or intradetrusor Botulinum toxin A in the past six nsorth urine
dipstick positive for leucocytes or nitrites; 5) Greater than stage Il (any compartment) on
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Pelvic organ prolapse quantification (PQIp system ; 6) previous urodynamics in the
past six months; or 7) current or previous use of antimuscarinics for >6 months

continuously.

The chinical history of the participants was collected prior to the tests and included
previous treatments for bladder problerasd the International Consultation on
Incontinence Questionnaif@veractive bladder (ICIQDAB) questonnaire™”.

Procedures

Both the bladder ultrasound and urodynamics were done within four weeks of each other
by different/practitioners. The practitioner undertaking the urodynamics was enafvar

the result (blinded) of the ultrasongraphy.

Index tes="bladder wall thickness on ultraswgraphy

A standard operating procedure (SOP) for carrying out the transvaginal ultrasound was
produced and clinicians were required to attend training provided by study team.

The PVR=was measured by the following formula: length x width x depth in cm x 0.5223
in millilitre s. The bladder wall was measured with-8 KIHz endfiring transvaginal

probe in the sagittal plane introduced 1 cm beyond the vaginal introitus in theemidlin
The BWiE-was measured at three sites perpendicular to the luminal surface of the bladder
(Web appendixigure ): the thickest part of the trigone, dome in the midline and the

anterior wall. BWT was calculated as the mean of these 3 measurammiltsnetres.

Reference standard Urodynamics

For uredynamics, we developed SOP based on the Good Urodynamic Practice Guidelines
of the International Continence SociéfyWomen attended the clinic with a full bladder

for thesuroflowmetry in privacy. Fillingystometry was performed with the woman in
sitting position at the rate of 100mlis/minute, followed by provocation manoeuvres and

then voiding cystometry.

Detrusor Overactivity was detected when involuntary detrusor contractions vegre se
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during filling cystometry. These contractions (spontaneous or provoked), could be of
variable duration and amplitude, phasic or terminal, with or without urgency and/or
urgency incontinence. Voiding dysfunction was defined as abnormally slow (<15mls/sec)

flow and/or incorplete micturition (PVR >100 mls).

Quality assurance

The'lead investigator assessed the competency of local investigators by reviewing at least
five ultrasound scans prior to allowing them to enter patients into the study. A
reproducibility assessment dorfer intra and interobserver variation is reported

elsewherg?®

The qualityrof urodynamics was audited with anonymised traces every six months and

comparing-them to the interpretation guidelfnesensure ongoing quality assurante.

Statistical*methods

Sample size

A minimum target sample size of 600 participants wasspeeified in order to obtain
estimates of sensitivities and specificities with 95% confidence intervals (Cl) of width
10% or less, anticipating sensitivity and specificity values betw@ét and 95%. The
computation was based on a prevalence of 50% fd, p@viding 300 women each for

the estimate of sensitivity and specificity.

Data analysis

Sensitivity, specificity and predictive values were calculated usik®mm BWT
indicating presece of DO as a prspecified cuoff based on the evidence from previous
studies. Likelihood ratios for categories of BWT were also-ppecified: <3mmz3mm

to <Smm and5mm. CIs were calculated using binomial exact methods. A receiver
operating characteristic (B]C) curvewas constructed and the area under the curve (AUC)
was computed (with 95% CI) to give an overall estimate of BWT accuracy across all
thresholds. Statistical significance was tested by comparing against tifermmaitive

model (i.e. where AUC=0.5)sing a norparametric approaci. BWT measurements in
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groups with and without DO were compared using adample {est. The relationship
of BWT with pretest ICIQOAB score was tested using simple linear regression.

Statistical significance was defined as p<0.05.

Sensitivity analyses were performed on the primary population to test the ralsustne

the results to protocol deviations (excluding those where tests were not blinded or
undertaken.>4 weeks apart), missidgta (incorporating measurements where not all
three cemponents of the BWT were available) and more stringent inclusienacrit
(excluding those with mixed stress/urge incontinence; and excluding those witlojolost
residual urine volume >30ml We al® investigated the impact of using different BWT
measures (trigone alone; mean of dome with measures 1cm to the left and right of t

dome).

The aceuracy of BWT was compared betwesibgroups according to 1) previous
treatment*with antimuscarinics, 2) anatal history suggesting mixed incontinence, 3)
presence of a UTI in the previous 12 months, 4) voiding difficulties, 5) previous
incontinence surgery and 6) BMI (82%;). ROC curves were generated for each
subgroup*and the AUC compared using a |lagmplechi-squared test for independent

curves:>

Exploratory analyses were undertaken to identify variables that predidiadnosis of
DO using'multivariable logistic regression. The variables consideredBVéie
measurementCIQ-OAB scokes, age, duration of symptoms, ethnicity, vaginal birth,

menopausal status, parity, previous POP surgery and the subgroups listed above.
Results

Participants

Six hundred and eighty seven women who were eligible and consented to participate
were reeruited from 22 cees between March 20112013. The study oveecruited to
compensate for study withdrawals and women without complete index and reference

standard test results (Figute
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The mean age of women was 52.7 years (standard deviation [SD]: 13.9) and the average
BMI was 30.6 (SD: 12.2) (Table 1). Of the 687 women, 387 (55%) were postmenopausal.
According to clinical history, 419 (61%) had urgesprgdominant mixed incontinence

and 226(33%) reported only urinary urgency and frequency. The median duration of

symptomsawas 3.0 years (Inter Quartile Range: 1.6 to 7.0).

Test.completion

Complete urodynamic diagnoses were obtained in 666/687(97%) of women (Figure 1
Of these, 399 (60%) were diagnosed with DO (95% Cl68%) (Web appendiXable

S1) and 245 (61%) were given a further slibgnosis of DO incontinence (defined as
detrusorpressure rise and leak).

All threesBWT measurements (trigone, dome midline, anterior wall midline) were
available in 645 (94%) women. The average BWT measurement was 4.78mm (SD 1.34)
(WebappendixTableS2).

Of the 644 participants who had the two tg$igure 1), both were performed on the
same day.in 439 (68%); and only 26 (4%) were performed more than four weeks apart.
Ninety=seven percent of reference tests (616/632, twelve obsewatiissing) 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 at six month f@tiow
reported having urine infection within two weeks of the test. Of¢h&6/48 (one

observation missing) were diagnosed by a General Practitioner.

Estimates of test accuracy

BWT shoewed poor sensitivity (43%; 95% CI:-88), specificity (62%; 95% CI. 568),
positive«(63%; 95% CI: 569) and negative (41%; 95% CI:-3@) predictive values for
diagnosis of DO (Table 2).

Likelihood ratios were noediscriminatory at all prespecified cuoffs of> 5mm (1.11;
95% CI: 0.921.35),>3mm <5mm (0.96; 95% CI: 0.83.13) and <3mm (0.76: 95% CI:
0.46, 1.26) (Web appendibableS3).
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The ROC curve (Figur®) showed no evidence of discrimination at any threshold
between those with and without DO (AUC 0.53; 95% CI: 001B7; p=0.25). There was

no evidence that the mean BWT measurements were any higher in the DO positpve g
than in the;DO negative group (mean (SD): 4.85(1.36) mm versus 4.70(1.29) mm;
p=0.19)«(Web appendixigure S3); or that BWT had any relationship with pest ICIQ

OAB symptems scorer£-0.01; p=0.88). The AUC remained below 0.55 in all
sensitivity analyses and iall prespecified subgroups (Web appendix FigurdsS33

and Table 3.

In the multivariable exploration of factors possibly associated with DO diagoodys,
higher'basgline ICIQ score (worse symptoms) was associated with DO (OR: 1.21; 95%
Cl: 1.131.29; p<0.0001), i.e. the odds of DO diagnosis were increased by 21% for every
point increase in ICIQ scor&eb appendix Tables S5-56

Discussion

Summary of Main Findings

Bladder_wall ultrasnography appeared to be no better than chance at making the
diagnosis of DQ with an AUC of 0.53 (95% CI: 0.48.57). 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. Based on this evidence, w
conclude~that BWT is not a useful test in diagnosing DO and should not be used in

clinical practice.

Strengthsand Limitations

The BUS_study is the biggest test accuratydy on the subject; it was designed to
minimize bias and ensure that the results would be applicable to imaging services
available in routine clinical practice. We attempted to recruit consecutive women
fulfilling the eligibility criteria. Women were ofmixed ages, ethnicities and were

recruited from multiplecentres across the UK. The prevalence of DO in our study was
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60%,which was similar to other studiés.

As transvaginal bladder ultrasound is a relatively new technique, concerns may be raised
on thequality of scan measurements. However, the technique has been easy to teach and
learn (personal experience of the authors) with the urinary bladder being aaraandri
relatively superficial midline structure and previously has been reported to be
reprodicible, :° Both ultrasmongraphyand urodynamics were undertaken in 94% of
womengand blinding of test results ensured for 97% of them. Risk of disease progression
bias was minimized by conducting the tests within 4 weeks of each other in 96% of
women. Al analyses and cuiffs were prespecified in the protocol. 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. We
have Undertadn multiple sensitivity analyses to investigate the impact of excluding
women with variations in presentation such as urgency predominant mixed incontinence

in the studygand in all cases these additional analyses have shown no discrimination.

One area otoncern is misclassification made by the reference stahdamdynamics

is known'te,be less than 100% reproducible in previous studies of patients with OAB and
healthy-velunteer® Errors in the reference standard typically lead to underestimation of
sensitivity and specificity but misclassification rates would have to be extreme for no
relationship=to be observed at allhe poor accuracy for BWT elicited in our study is
thus likely to mainly be explained by the fact that BWT bears no relation torbi®is
reinforced by no relationship being observed between BWT and disease severity
measured by the ICHQAB questionnaire, whereas there was a strong relationship
betweén.DO status from urodynamics and the IOI&B.

I nter pretation in light of other evidence

Thegnitial studiesuggested a greater BWT to be an accurate diagnostic marker for DO.
For a mean'BWT cuff of 5mm, the specificity was reported to be 89% (95% CI 79- 96)
with a sensitivity of 84% (95% CI 780). '° We identified further studié%*® which
investigated the relationship between BWT measured togsohographyand DO, with

estimates of sensitivity, specificity and AUC for bladder ultrasound varyomg 87
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91%, 61-97% and 0.61-0.91 respectivily.

The published studies are mostly from single centre (often tertiary) and with multiple
reasons to haveoncerns about the validity and applicability of findings. Some studies
added”ambulatory urodynamics to the reference standard, if the patients had normal
video-uUrodynamicsas a tiebreaker test® Some studié$' *?° made comparisons with
healthy..controls, some excluded patients with mixed urinary incontinence and one
enriched.with women with equivocal urodynamics findiffyaltering the spectrum of
patients from that encountered in practice influences the estimates of sensitivity and
specificity"”; exclusion of the mixed urinary incontinence cases and inclusion of healthy
controls/will lead to overestimation of test accuracy; enrichment with difficult to
diagnose eases will underestimate test accuracy. Some studies used transaBdominal

27 or translabial ultrasound with higher interobserver variabffity.

Our study=focused on recruiting women with urgency or urgency predominant mixed
incontinence undergoing urodynamics to identify DO. Some of the previous studies that
compare pure SUI with OB\ have assessed the value of ultregpaphyto differentiate
between'SUIl and DO: the higher observed accuracy may well reflect that BWT is higher
in theSe.with DO than with SUt but this is not of direct relevance to the clinical role

that ultrasoaography could play.

There issseme emdry evidence in literature that the response to invasive therapies
might be._similar in patients with frequency and urgency with or without incontinence,
regardless of the observation of DO. Everything seems to be more complicated whe
there is mixed incontinence involved, and urodynamics might have value'%here.
Robustly designed randomized controlled trials are required to evaluate whetirats

are more likely to benefit from decisions to use invasive therapies based on urodynamic

findings.efDO versus just clinical evaluation aldfie.

Conclusion

Bladder wall thicknessultrasonography cannot identify women with Detrusor

Overactivity and hence cannot be used to reduce the need for invasive urodynamics.
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Figure 1: Participant flow diagram

Figure 2: Receiver operating curve of transvaginal bladder wall thickness scan in the

diagnosis

Table 1:; Characteristics of included participants (n=687)

Table 2:Estimates of bladder wall thickness test accuracy: dichotomised at 5mm
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Table 1: Characteristics of included participants (n=687)

Age (years) Mean (SD) 52.7 (13.9)
Missing 0()
White British/Irish/Other 538 (78%)
Asian Pak/Ind/Bang/other 72 (10%)
Ethnicity Black Carrib/African/other 49 (7%)
Mixed/other 18 (3%)
Not given/missing 10 (1%)
0 69 (10%)
1 90 (13%)
2 241 (35%)
Parity 3 152 (22%)
4 56 (8%)
>4 63 (9%)
Missing 16 (2%)
Yes 378 (55%)
Post-menopausal:(lmp>1 year) No 293 (43%)
Missing 16 (2%)
BMI (kg/m?) Mean (SD) 30.6 (12.2)
Missing 28
Mixed urinary incontinence 419 (61%)
Urgency incontinence alone 226 (33%)
Incontinence type Stress incontinence alone 4 (1%)
Neither 19 (3%)
Missing 19 (3%)
Urgency 226 (54%)
If mixed, what started first (n=419)? Stress 107 (26%)
Unsure 54 (13%)
Missing 32 (8%)
Current or previous treatment with anti- Yes 226 (33%)
muscarinics No 444 (65%)
Missing 17 (2%)
Yes 50 (7%)
Recurrent cystitis (3 or more in last 12 months) No 606 (88%)
Missing 31 (5%)
Yes 286 (42%)
Voiding difficulties No 374 (54%)
Missing 27 (4%)
Yes 561 (82%)
Vaginal birth No 95 (14%)
Missing 31 (5%)
Yes 36 (5%)
Previous incontinence surgery No 623 (91%)
Missing 28 (4%)
Yes 56 (8%)
Previous POP/UI surgery No 603 (88%)
Missing 28 (4%)

This article is protected by copyright. All rights reserved




Table 2: Accuracy of bladder wall thickness>5mm for diagnosis of

Detrusor Overactivity

Estimate in % 95% CI
Sensitivity 43% (165 TPs of 388 with DO) 38 to 48%
Specificity 62% (158 TNs of 256 without DO) 55 to 68%
Positive predictive value 63% (165 TPs of 263 with BWT>5mm) 57 to 69%
Negative predictive value 41% (158 TNs of 381 BWT<5mm) 36t047%
Positive likelihood ratio 1.11 0.92 to 1.35
Negative likelihood ratio 0.93 0.82 to 1.06
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