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Abstract

Introduction and hypothesis Mixed urinary incontinence
(MUI) can be a challenging condition to manage. We describe
the protocol design and rationale for the Effects of Surgical
Treatment Enhanced with Exercise for Mixed Urinary
Incontinence (ESTEEM) trial, designed to compare a com-
bined conservative and surgical treatment approach versus
surgery alone for improving patient-centered MUI outcomes
at 12 months.

Methods ESTEEM is a multisite, prospective, randomized
trial of female participants with MUI randomized to a stan-
dardized perioperative behavioral/pelvic floor exercise inter-
vention plus midurethral sling versus midurethral sling alone.
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We describe our methods and four challenges encountered dur-
ing the design phase: defining the study population, selecting
relevant patient-centered outcomes, determining sample size
estimates using a patient-reported outcome measure, and de-
signing an analysis plan that accommodates MUI failure rates.
A central theme in the design was patient centeredness, which
guided many key decisions. Our primary outcome is patient-
reported MUI symptoms measured using the Urogenital
Distress Inventory (UDI) score at 12 months. Secondary out-
comes include quality of life, sexual function, cost-effective-
ness, time to failure, and need for additional treatment.

Results The final study design was implemented in November
2013 across eight clinical sites in the Pelvic Floor Disorders
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Network. As of 27 February 2016, 433 total/472 targeted par-
ticipants had been randomized.

Conclusions We describe the ESTEEM protocol and our
methods for reaching consensus for methodological chal-
lenges in designing a trial for MUI by maintaining the patient
perspective at the core of key decisions. This trial will provide
information that can directly impact patient care and clinical
decision making.

Keywords Female - Mixed urinary incontinence -
Clinical trials - Sling - Behavioral therapy

Introduction

Urinary incontinence (UI) is a common female condition with
an estimated prevalence of 25-49 % [1-3]. The prevalence and
number of women undergoing Ul treatment are expected to
increase with our aging population [4—-6]. Additionally, the
number of women undergoing surgery for Ul is estimated to
increase by almost 50 % by 2050 [5]. The personal and soci-
etal burden of female UI is substantial, including negative
consequences on a woman’s mental, physical, and sexual
health, work productivity, and quality of life (QoL) [7-11].

There are two major subtypes of Ul: Stress urinary incon-
tinence (SUI) is defined as involuntary loss of urine on effort
or exertion, sneezing, or coughing [12]. Urgency urinary in-
continence (UUI) is typically part of overactive bladder
(OAB) syndrome, defined as urinary urgency, usually accom-
panied by frequency and nocturia, with or without urgency
urinary incontinence [12]. Although mechanisms for each
subtype may include multiple factors, SUI is generally con-
sidered to be due to weakening support to the urethra, and
surgery is often used for treatment. UUI is thought to be a
result of involuntary detrusor muscle contractions, although
many women with UUI do not demonstrate detrusor overac-
tivity on urodynamic testing [13]. Primary treatments for UUI
are typically behavioral and/or medical.

Up to 50 % of women with Ul experience a mixture of both
SUTI and UUI—or mixed UI (MUI)—a complex and challeng-
ing condition for patients, clinicians, and researchers [2, 14,
15]. For patients, MUI is more bothersome than either SUI or
UUI alone [16—-18]. For both patients and clinicians, manage-
ment is challenging because most existing interventions are
designed to benefit only one of the conditions and typically do
not benefit the other. For clinicians and researchers, the lack
of a clinically useful definition [19], the frequent exclusion
of MUI patients from trials [20], and the fact that MUI
includes two separate symptom components pose chal-
lenges for determining the best treatment approaches.
These controversies and lack of guidelines for MUI have
recently been highlighted [21].
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Several assumptions have dominated the management of
MUIL:

Assumption 1: The primary MUI treatment strategy
should focus on the most bothersome component (SUI
versus UUI). In line with this, previous MUI studies have
also segregated outcomes and defined success as either
SUI or UUI improvement, but often do not incorporate
both components. One limitation of this approach is that
from the patient perspective, improvement in only one
condition is often considered a failure if she still suffers
from the other. Furthermore, patients may not always be
able to determine which condition is more bothersome.

Assumption 2: SUI surgery should not be performed in
women with MUI because it will worsen UUI and urgen-
cy. This is mainly supported by retrospective studies of
older surgical approaches, including pubovaginal slings
[22]. In the 1990s, the less obstructive midurethral sling
(MUS) was introduced as an effective SUI treatment [23].
Several recent studies show that OAB with UUI symp-
toms may actually improve in 30-85 % of women after
MUS placement [24-28]. In practice, many surgeons still
consider MUI to be a relative contraindication, whereas
others are comfortable offering the MUS. Counseling
these women about expectations remains challenging be-
cause clinical trial and outcome data for MUI are limited.

Dilemmas in studying the MUI population include lack of a
clinically useful definition of the condition, historical use of
non-patient-centered outcomes in studies, and sparse data on
how to optimize treatment outcomes. In 2009, Brubaker et al.
published their experience with the Mixed Incontinence:
Medical or Surgical Approach (MIMOSA) study, a pragmatic
trial designed to measure the effectiveness of treatments in
routine clinical practice. MIMOSA randomized women with
MUI to nonsurgical versus surgical treatment [29]. After
4 months of enrollment, the study was terminated after only
27/1190 screened women were randomized. The investigators
attributed low recruitment to the divergent treatments and
overestimation of the study population based on their MUI
definition and eligibility criteria. The MIMOSA study high-
lights the difficulty in studying this population.

The Pelvic Floor Disorders Network designed the Effects
of Surgical Treatment Enhanced with Exercise for Mixed
Urinary Incontinence (ESTEEM) trial to address knowledge
gaps in MUL. At the core of study development was the patient
perspective, which guided numerous decisions when evidence
was lacking or when traditional approaches did not seem pa-
tient centered [11].

The purpose of this paper is three fold. First, given the
challenges and controversies surrounding clinical care and
research of the MUI population, we discuss the process and
rationale for key design features of ESTEEM, including
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determining eligibility, defining MUI, selecting patient-
important outcomes, quality assurance, and identifying chal-
lenges encountered during trial design and implementation.
Second, ESTEEM represents one of the few surgical trials
for UI that uses a patient-reported outcome (PRO) measure
as the primary outcome. Patient-centered research is increas-
ingly recognized as important for clinical decision making and
informing health policy. Special considerations for ensuring
transparency, accurate interpretation, and relevance of study
results when using a PRO measure are discussed, which can
benefit researchers conducting patient-centered research.
Finally, this methods paper may serve as a reference when
the trial has been completed for readers desiring additional
information. We hope this information will be useful for cli-
nicians and researchers who care for women with MUL

Materials and methods
Overall design

ESTEEM is a randomized controlled trial designed to assess
whether combined MUS plus a perioperative behavioral/
pelvic floor muscle (PFM) exercise intervention is superior
to MUS alone for improving female MUI symptoms
12 months later. The flow of participants is shown in Fig. 1.

Fig. 1 Effects of Surgical
Treatment Enhanced with
Exercise for Mixed Urinary
Incontinence (ESTEEM) trial
participant flow

Behavioral/pelvic floor
therapy + midurethral
sling

The study aims of ESTEEM are as follows:

Primary Aim:

To assess whether combined MUS + perioperative
behavioral/PFM therapy is superior to MUS alone for
improving MUI symptoms at 1 year in women electing
surgical treatment.

Secondary Aims:

a. OAB symptom outcomes: to assess whether com-
bined MUS + perioperative behavioral/PFM is superi-
or to MUS alone for improving change in OAB symp-
toms at 1 year in women electing surgical treatment.

b. SUI symptom outcomes: to assess whether combined
MUS + perioperative behavioral/PFM is superior to
MUS alone for improving change in SUI symptoms
at 1 year in women electing surgical treatment for
MUIL

Study population

The study population of interest comprises women with at
least moderately bothersome SUI and UUI symptoms for
whom it is unclear whether a MUS will result in improvement,
no change, or worsening of UUI/OAB. The team wanted to

Mixed urinary
incontinence; surgery
planned
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3, 6, and 12 months: Clinic visit, outcomes
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avoid overly strict inclusion criteria yet assure a study popu-
lation with bothersome MUI symptoms. Instruments that can
clearly segregate SUI from UUI symptoms and predict clinical
outcomes for MUI do not currently exist. [30] Therefore, de-
fining our inclusion criteria was a critical process. Trials for
SUI typically use a subjective report of SUI in combination
with a positive cough stress test on examination [31] for in-
clusion, whereas UUI trials often use bladder diaries to docu-
ment the condition. Invasive urodynamic testing has not been
shown to predict treatment outcomes for SUI [32-35] or UUI
[36, 37], and thus, the team reached consensus that
urodynamic evaluation (UDE) findings would not be a part
of inclusion criteria. However, preoperative UDE results will
be collected on all participants to be used in secondary analy-
ses to identify potential predictors of improvement or worsen-
ing of urinary outcomes after treatment.

The team agreed that using a combination of symptoms
and objective documentation of both conditions would be ide-
al. Because no single measure provides subjective and objec-
tive documentation of both conditions, the investigators
agreed on a combined study definition of MUI: (1) symptom
documentation of at least moderately bothersome SUI and
UUI measured by two items on the Urogenital Distress
Inventory [9] (UDI, described below); (2) objective documen-
tation of both SUI and UUI on a 3-day bladder diary; (3)
objective documentation of SUI on clinical examination (ei-
ther cough stress test or urodynamic testing). Participants must
desire surgical treatment for their SUI See the following list
for criteria.

Inclusion criteria

1) Presence of both SUI and UUI on bladder diary;
and > or=2 incontinence episodes/3 days

a) >or=1 SUI episode/3 day diary
b) >or=1 UUI episode/3 day diary
2) Reporting at least moderate bother from a UUI item
on UDI
Do you usually experience urine leakage associat-
ed with a feeling of urgency, that is, a strong sensation
of needing to go to the bathroom?
3) Reporting at least moderate bother from an SUI item
on UDI
Do you usually experience urine leakage related to
coughing, sneezing, or laughing?
4) Diagnosis of SUI defined by a positive cough stress
test or urodynamic testing within the past 18 months
5) Desires surgical treatment for SUI symptoms
6) Urinary symptoms > or=3 months
7) Understands that behavioral/PFM therapy is a treat-
ment option for MUI outside of the current study
protocol
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8) Urodynamics within the past 18 months (for second-
ary analyses only)
Exclusion criteria

1) Anterior or apical compartment prolapse at or be-
yond the hymen, regardless of whether symptomatic

a) Women with anterior or apical prolapse above the
hymen yet do not report vaginal bulge symptoms
will be eligible

2) Planned concomitant surgery for anterior vaginal
wall or apical prolapse

a) Women undergoing rectocele repair only or other
repair unrelated to anterior or apical compartment
(i.e., anal sphincter repair) are eligible
3) Undergoing hysterectomy for any indication
4) Active pelvic organ malignancy
5) Age <21 years
6) Pregnant or plans for pregnancy within next
12 months, or within 12 months postpartum
7) Postvoid residual (PVR) >150 ml on two occasions
within the past 6 months, or current catheter use
8) Participation in another trial that may influence re-
sults of this study
9) Unevaluated hematuria
10) Prior sling, synthetic mesh for prolapse, implanted
nerve stimulator for incontinence
11) Spinal cord injury or advanced/severe neurologic
conditions, including multiple sclerosis, Parkinson’s
disease
12) Taking OAB medication/therapy: eligible after
3 week washout period
13) Nonambulatory
14) History of serious adverse reaction to synthetic
mesh
15) Unable to complete study assessments per clinician
judgment, or not available for the 12-month follow-up
16) Report “don’t know” for urine leakage type on blad-
der diary and do not report at minimum of one SUI
and one UUI episode over 3 days
17) Diagnosis of and/or history of bladder pain or chron-
ic pelvic pain
18) Intravesical botulinum injection within the past
12 months
19) Have undergone anterior or apical pelvic organ pro-
lapse (POP) repair within the past 6 months

Study procedures

Three types of MUS were selected for use in ESTEEM based
on previous trials demonstrating equivalence: tension-free



Int Urogynecol J (2016) 27:1479-1490

1483

vaginal tape—retropubic™ (TVT, Gynecare), TVT-obturator
(Gynecare), and the Monarc™ transobturator sling
(American Medical Systems) [25, 27]. Certified surgeons par-
ticipating in the trial must have performed a minimum of 20
MUS procedures.

Participants are randomized only after eligibility determi-
nation based on the UDI and diary criteria, completes all base-
line assessments, and has a scheduled date for MUS surgery
within 91 days of completing the UDI and diary.
Randomization is generated by computer through the data
coordinating center. Once the required elements are keyed into
the data center, an unmasked research staff member at the site
receives the randomization assignment and schedules study
and interventionist appointments, as appropriate (see below
for more details about masked and unmasked personnel).
Randomization is in 1:1 allocation, stratified by the eight clin-
ical sites and UUI severity. The rationale for stratification by
UUI severity was based on a previous trial demonstrating that
women with> or=10 UUI episodes in 7 days
(orapproximately four episodes on a 3-day diary) were less
likely to achieve continence after behavioral intervention [38].

Behavioral/pelvic floor exercise intervention design
and quality control

Currently, there is conflicting evidence about the “ideal” con-
servative treatment for MUIL. PFM exercises are frequently
recommended for SUT treatment and are designed to enhance
urethral closure through strengthening and improved coordi-
nation. A Cochrane review concluded that PFM exercise was
effective for both SUI and MUI, but women with pure SUI
have better outcomes [39]. Although PFM exercises are in-
cluded in UUI treatment, bladder training and strategies to
promote skills and behaviors that encourage continence are
also critical [13, 40].

We developed a standardized, combined behavioral/pelvic
floor exercise intervention in ESTEEM based on the best
available evidence for components focused on SUI and
UUI/OAB. When evidence was lacking, design decisions
were based on logical and pragmatic rationale, with a focus
on developing a reproducible protocol. Details about the
methods for intervention development will be published sep-
arately; however, a brief description is provided here. The
intervention comprises:

1) PFM training

2) Bladder training and delayed voiding techniques

3) Urgency suppression

4) SUI strategies (e.g., “knack”) [40, 41]

Based on previous work [42—45] we were aware of the
potential challenges for standardization of this type of inter-
vention and ensuring consistency across multiple sites. For
example, one requirement was for interventionists to be expe-
rienced pelvic floor nurses, nurse practitioners, or physical

therapists trained and certified by ESTEEM experts.
Although this helps to ensure high experience and quality, it
could lead to inconsistencies if individual interventionists
added strategies that are successful in their clinical practices
but are not included in ESTEEM due to lack of evidence. To
ensure consistency, the team developed an a priori quality
control plan including audits of interventional audio record-
ings and a list of protocol deviations, which includes the ad-
dition and/or omission of specific interventional content. To
our knowledge, this is one of the first trials to define and assess
deviations for this type of intervention. Other methods to im-
prove standardization and quality are detailed below:

» Certification of all interventionists by passing e-learning
modules and attendance and demonstration of hands-on
skills at an in-person interventionist training session

*  Demonstration of ability to perform PFM assessment

* Required completion of an interventionist checklist during
each visit to ensure the same components have been per-
formed across all patients

» Development of a protocol for determining voiding pat-
terns and prescribing new voiding intervals

* Development of a detailed protocol for PFM exercise
progression

* Development of a detailed protocol for special circum-
stances for when the standard PFM exercise progression
protocol cannot be followed (i.e., weak muscle) that the
interventionist is trained to follow

+ Participant handouts for the four components (PFM train-
ing, urge strategies, stress strategies, and bladder training
with delayed voiding techniques); the interventionists will
be required to refer only to these handouts during the
education component to ensure that additional information
outside of the intervention protocol is not provided

« All intervention sessions will be audiotaped and will be
randomly selected for auditing by protocol/intervention
experts to ensure adherence to protocol

— A detailed list of intervention protocol deviations was
developed and provided to interventionists

—  Protocol deviations identified through auditing will be
recorded and entered

—  Protocol deviations identified through auditing will be
reviewed with the interventionist

Previous studies have demonstrated improved clinical out-
comes with perioperative physical therapy, including
postprostatectomy SUI prevention in men [46—48]. Another
study of UUI patients demonstrated that combined behavioral
and drug therapy yielded better outcomes compared with
drugs alone [44]. The ESTEEM behavioral/pelvic floor inter-
vention trial was designed as a combined perioperative treat-
ment providing one preoperative visit, and five postoperative
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visits at 2, 4, 6, and 8 weeks and 6 months postoperatively
[49]. To help differentiate contributions between PFM
strengthening versus behavioral therapy components, PFM
strength is measured using the Peritron™ perineometer
(Laborie, Williston, VT, USA) and will be included in explor-
atory analyses.

Measurement, follow-up, and masking

Participants undergo assessments at baseline and at 3, 6, and
12 months postoperatively. Additional treatment for any uri-
nary symptom is not permitted in the first 3 months of surgical
recovery.

It is not feasible to mask participants or interventionists due
to the nature of the behavioral/pelvic floor intervention. Based
on expert interventionist opinion, the team rejected “sham”
intervention visits because they present design difficulties
and often are not convincing. In order to minimize potential
bias, there is strict delegation of masked and unmasked study
personnel. Unmasked roles include: study participant, data
entry staff for unmasked data entry, interventionists, data
coordinating center study coordinator and data managers,
and a study statistician. Masked roles include: study sur-
geon, research staff administering questionnaires to partic-
ipants, data entry staff to key in data for masked data, any
clinical staff or coordinators performing pelvic floor mea-
surements, and the study’s senior statistician. All PRO
measures are administered prior to clinical assessments to
minimize any bias that may occur due to clinical findings.
All study and interventionist visits are coordinated by
unmasked research staff.

Primary outcome selection and rationale for using
a patient-reported outcome measure

Currently there is no objective gold standard for measuring
MUI severity or clinically meaningful disease markers that
can be measured by a clinician, observer, or laboratory.
Unlike other conditions, the severity of Ul is dependent pri-
marily on the patient perspective. Physical examination,
urodynamic testing, and bladder diary do not always corre-
spond to patient perceptions of impact or treatment benefit and
can yield biased success rates [50, 51]. MUI treatments are
aimed at improving symptoms and QoL, and the investigators
reached consensus that a PRO measure would best capture
outcomes from the patient perspective. Furthermore, in clini-
cal trials, PRO instruments are increasingly being considered
as primary outcomes, and their use is supported by federal
agencies [52].

The long form of the UDI was selected as the primary
outcome based on its domain coverage and validity properties
[9]. It is a self-administered, 19-item questionnaire that mea-
sures three urinary symptom domains: (1) irritative symptoms
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(OAB/UUI); (2) SUI; and (3) obstructive symptoms [9]. The
three subscale scores are summed to provide a UDI-total score
ranging from 0 to 300, with higher scores representing more
severe symptoms and bother. The UDI demonstrates signif-
icant correlation with the number of Ul episodes reported
in the diary and on pad-weight tests (construct validity),
clinical diagnoses (criterion validity), can discriminate be-
tween known UI subgroups, and is responsive to change
with published minimally important difference (MID) esti-
mates [53, 54]. These are some minimum qualities needed
for valid interpretation of a PRO measure in a clinical trial.
Additional scoring information for the UDI can be found in
the original publication [9].

Using the total UDI score as the primary outcome measure
accomplishes several goals. It comprehensively captures the
presence and bother from all MUI symptom components and
can separately characterize improvement, worsening, or no
change in these components from the patient perspective.
Unlike previous studies, this important aspect will help ad-
dress the historical assumption that a sling may improve SUI
but worsen UUI.

The team considered, but did not select, other primary out-
come measures. The bladder diary, which can measure voiding
frequency and number of incontinence episodes, is a common-
ly used measure. It may not, however, capture what is mean-
ingful to patients, and statistically significant reductions in in-
continence episodes are not always clinically relevant [55]. A
patient’s overall/global impression of improvement, measured
with the Patient Global Impression of Improvement scale [56],
is subject to bias in nonmasked trials. Participants randomized
to the MUS-only group could potentially be influenced by the
knowledge that they did not receive the additional intervention.
If this causes them to be less likely to report improvement, the
combined intervention would falsely appear more effective.
Overactive bladder questionnaires often omit SUI symptoms
and would be incomplete in capturing MUI. Generic QoL
questionnaires are not as responsive to change for Ul treat-
ments [57]. The team reached consensus based on several
phone and in-person conferences over the course of protocol
development, which took more than 15 months. We did not use
focus groups or surveys to reach consensus.

Secondary outcomes in ESTEEM include SUI and UUI/
OAB symptoms analyzed separately, bladder diary, PFM
strength, QoL, and cost-effectiveness analyses (see Fig. 2 for
complete list). Additional exploratory studies will include
evaluation of urinary and vaginal microbiomes and goal
attainment.

Sample size: considerations when using a PRO measure
and anticipating requests for additional treatment

Our primary outcome is MUI symptoms measured by the
UDI-total score. One consideration when using a PRO
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Aims

Primary Aim
Treatment of MUl symptoms

Secondary Aims

Exploratory Aims
Other potential treatment benefits/harms

_

Other urinary treatment benefitstharms ———————————>

—_—

Outcomes

Primary
Total MUI symptom score (UDI-total score)

Secondary

UUI and overactive bladder symptoms
(UDl-irritative scale)

SUI symptoms (UDI-SUI scale)

Exploratory

Diary
Quality of life, global impression
Sexual function
Need for additional treatments
Time to failure
Cost-effectiveness
Goal attainment
Urinary and vaginal microbiome
Pelvic floor muscle strength

Fig. 2 ESTEEM outcomes. SUI Stress urinary incontinence, UUI Urgency urinary incontinence, MUI Mixed urinary incontinence, UD/ Urogenital

distress inventory

measure is to ensure that the sample size calculation is relevant
based on clinical rationale and meaningfulness to patients
[58]. The MID of a measure is a score change that reflects a
clinically meaningful response to treatment and represents the
change in score that needs to be met or exceeded for treatment
effects to be considered clinically meaningful to patients. The
MID represents the magnitude of benefit for which trials
should be powered to minimize type 1 and type 2 errors:
MIDs have been previously published for the UDI [53, 54].
In considering the results of ESTEEM, we only recommend
the combination of MUS and behavioral therapy over MUS
alone if improvement with additional behavioral therapy was
of a magnitude that patients would consider important. Thus,
we used the published MIDs as estimates of that meaningful
difference.

For the UDI, a reduction in score (negative change) repre-
sents improvement, but for simplicity, we report the absolute
MID value. Based on a UUI-predominant MUI population
undergoing UUI treatment, Dyer et al. recommend an MID
for the UDI-total score of 35 points and an MID of 15 points
for the UDlI-irritative subscale [53]. For an SUI-predominant
population undergoing conservative SUI treatment, Barber et
al. recommend an MID of 11 points for the UDI-total score
and an MID of 8 points for the UDI-SUI subscale based on a
modified UDI [54]. These are the available estimates most
applicable to our study population [53, 54]. Because all wom-
en in ESTEEM have UUI, the study population is likely
more similar to the Dyer population, who also selected SUI
surgery. Thus, it is likely that the MID for the ESTEEM
population will be <35 but is unlikely to be <11. Because
the UDI-SUI and UDI-irritative subscales are important
secondary outcomes, we powered the study to detect

between-group differences at least as small as the pub-
lished MIDs for the UDI-total, UDI-SUI, and UDI-
irritative subscales [19].

Because MUI is more challenging to treat than SUI or UUI
alone, we anticipated that some participants would request
additional treatment outside of the study prior to 12 months.
However, our interest was in estimating the effect of study
treatments in the absence of additional treatment; thus, our
sample size and analysis plans were designed to achieve that
goal. The rate of additional treatment for residual UUI/OAB
symptoms in previous trials after MUS is 4-25 % [25, 27, 59].
To be conservative, we assumed that 30 % of women in the
MUS-only group and 20 % in the combined behavioral/pelvic
floor intervention group would request additional UUI/OAB
treatment. We assumed those participants who start additional
treatment would have smaller improvements from baseline in
their UDI scores at the time of requesting additional treatment
and that these score changes would be similar for all partici-
pants requesting additional treatment regardless of interven-
tion assignment. All outcome measures will be collected be-
fore additional treatment is started, and these data will be
included in the statistical model used for our primary analyses.
We will exclude (consider informatively missing) UDI scores
collected after additional treatment is initiated, because we
would expect additional treatment to improve follow-up
scores, which would bias the study results.

Simulated data that incorporated our assumptions about
participants requesting additional treatment were used to pro-
duce power and sample size estimates. Power was estimated
based on the proportion of simulated data sets for which the
null hypothesis—that the changes from baseline in UDI scores
at 12 months were the same in the two treatment groups—was
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rejected at the p <0.05 level using the approach planned for
the primary analysis.

For the UDI-total score, 75 women per group would pro-
vide at least 90 % power to detect a statistically significant
difference between groups as small as 35 in mean change from
baseline in UDI-total scores at 12 months, assuming a stan-
dard deviation (SD) of 50.4 [53]. For the UDI-irritative score,
92 women per group would provide 90 % power to detect a
difference as small at 15 points, assuming an SD of 25.6 [53];
for the UDI-stress score, 200 women per group would provide
90 % power to detect a difference as small as 8 points, assum-
ing an SD of 21.5 [24].

Using 200 per group as our base estimate and adjusting for
15 % dropout results in a total sample size of 472 randomized
to treatment. Because we elected to use the highest of the three
sample estimates, our study will have 90 % power to detect a
statistically significant difference in UDI-total scores if the
true difference between groups is as small as 19 points, and
80 % power to detect a difference if the true difference is as
small as 16.5 points. These differences are in a range that we
think may be clinically important given the differences be-
tween the ESTEEM population and those on which the pub-
lished MID was based. If a between-group difference <35 is
found to be statistically significant, the primary publication
will discuss the extent to which the observed difference is
thought to be clinically meaningful. A secondary aim of the
study is to explore whether MIDs for UDI scores differ in
this MUI population from those previously published. We
will also describe the distribution of responses in both
treatment groups to assess the percentage of patients
experiencing a meaningful change in score between base-
line and 12 months [52].

Analysis considerations

The primary analysis will estimate the effect of MUS surgery
with versus without behavioral/pelvic floor intervention in the
absence of additional treatment. However, if a participant does
request additional treatment, her outcome data up to the time
of additional treatment will be included in the model used for
analysis as described below. The primary analysis will be
based on a general linear mixed model (GLMM) to predict
change from baseline in UDI scores using data from all
follow-up time points up to 12 months following surgery.
Participants requesting additional treatment for any lower uri-
nary tract symptoms (SUI, UUI/OAB, voiding dysfunction)
before 12 months will be asked to complete all primary and
secondary outcome measures at an additional time point prior
to starting additional treatment. We anticipate that these wom-
en will have worse outcome trajectories compared with wom-
en who do not have additional treatment and that those trajec-
tories will be reflected in the outcome data collected before
starting additional treatment. UDI measurements after the time
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of additional treatment will be considered informatively miss-
ing so as not to bias the model results, as previously discussed.
A GLMM model allows missing outcome data to be depen-
dent on predictors in the model (in this case, additional treat-
ment); thus, our model will include fixed effects for the inter-
vention group, additional treatment, time, and interactions be-
tween those variables in order to model separate trajectories
(slopes) for the outcomes of participants in each intervention
group who do and do not undergo additional treatment. The
model will also be adjusted for the design effects of stratifica-
tion by center and by baseline UUI, and it will account for the
lack of independence between repeated measures on the same
participant by modeling the within-participant covariance
structure. The test to compare mean changes from baseline
in UDI scores at 12 months between intervention groups will
be constructed based on the average predicted responses of
participants who do and do not request additional treatment
within each intervention group, weighted by the percentage of
women in each of those subgroups. Sensitivity analysis will be
conducted to test the robustness of results to model specifica-
tions and assumptions. Regression models will be created to
identify predictors of change for UDI-total and subscale
scores.

Results to date

All eight clinical sites received local Institutional Review
Board approval. Study recruitment began in November
2013, and 433 women out of a targeted 472 (92 %) have been
randomized (27 February 2016). Recruitment was anticipated
for 24 months, but we now project 30 months. Recruitment
challenges have included inability to document SUI on diary
despite the patient reporting SUI symptoms and participants
being unable to commit to the intervention visits. Some sites
reported surgeon concern about performing sling procedures
on women with MUI, supporting the notion that surgical treat-
ment of this population remains controversial. Some sites
have found a higher-than-anticipated prevalence of previous
transvaginal mesh placements, including previous MUS,
which excluded potential participants.

Discussion

Patients with MUI who elect treatment are often hopeful that
their overall urinary condition will improve. However, most
treatments are designed to improve either SUI or UUI only,
leading to high patient dissatisfaction. ESTEEM will address
several knowledge gaps.: It is the first trial to evaluate the
combined approach of conservative and surgical treatment
for MUL It will also provide data to guide counseling about
MUS outcomes in MUIL. We will gain important predictive
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Table 1
previous urinary incontinence trials

Distinction of Effects of Surgical Treatment Enhanced with Exercise for Mixed Urinary Incontinence (ESTEEM) trial design compared with

Previous trials ESTEEM trial Advantages of ESTEEM design
Study population 1. Stress-predominant MUI or stress MUI with both bothersome Focus is on MUI population without
incontinence only SUI and UUIL requirement to have predominant
2. Urgency-predominant MUI or urgency symptoms or bother of either
incontinence only SUI or UUI
Primary outcome measures 1. Bladder diary Patient-reported outcome 1. Powered using MID estimates to ensure
used in previous Ul trials 2. Urodynamic test measure (UDI) relevance to patients
3. Single item measuring incontinence 2. Avoids problems associated with diary
presence or bother (either SUI or UUI) use in the MUI population
4. Composite outcome combining diary
and single-item incontinence questions
Primary outcome measures 1. Focus on either SUI or UUI symptoms 1. UDI will measure MUI 1. Comprehensively captures all relevant

used in previous MUI only

trials MUI population frequently relegated to a
subanalysis and underpowered
Behavioral/PFM therapy
intervention

Development and

symptoms without having symptom components of MUI
to focus only on SUI or UUI 2. Will capture MUI as a whole but can

2. Study is also powered to also
detect differences between determine whether each separate
SUI and UUI separately condition
improves, worsens, or stays the same
after
treatment

Ensures higher quality and consistency of
implementation intervention delivered

of quality control plan

PFM pelvic floor muscle, SUI stress urinary incontinence, UUI urgency urinary incontinence, MUI mixed urinary incontinence, UDI Urogenital Distress

Inventory, MID minimally important difference

information for patients undergoing MUS. The unique fea-
tures of the ESTEEM trial design compared with previous
UI studies are outlined in Table 1.

Although the trial is ongoing, there have been some lessons
learned. Although the diary is not our primary outcome, it is
part of our inclusion criteria and secondary outcomes because
of its common use. In the design phase, the team anticipated it
may be difficult for women with MUI to distinguish leakage
episodes as either SUI or UUI on a diary. In anticipation of this
problem, the ESTEEM diary included a classification option of
“Don’t know.” From an eligibility standpoint, adding this op-
tion excludes women who are not able to classify their leakage
but nonetheless have MUI. This also presents challenges from
a quality control standpoint. We learned that it is both difficult
and inappropriate for a third party to re-categorize UI episodes
because it ultimately depends on the patient’s experience. For
example, Ul associated with jumping is typically an SUI epi-
sode, but it is possible that the patient experienced urgency at
that time and marked it as a UUI episode. Therefore, coordi-
nators have been trained to try to resolve any ambiguities with
the bladder diary by eliciting additional information from the
participant at the time of the visit.

The development of ESTEEM challenged the investigators
to critically reevaluate historical outcomes and definitions
used for MUI, comprehensively review the literature as pre-
sented in this paper, and maintain the patient perspective as the
central focus. We reviewed in detail the outcomes and eligi-
bility criteria used in previous UI trials and the special

considerations to ensure valid and accessible reporting, as
recommended by the International Society of Quality of Life
Research and the Consolidated Standards of Reporting Trials
(CONSORT) patient-reported outcomes extension standards
when using a PRO as the primary outcome [58, 60]. This
helps to ensure that results from ESTEEM will be relevant
from the patient perspective. At the conclusion of this study,
we expect to understand whether a combined conservative/
surgical treatment approach is superior to surgery alone and
will, hopefully, have predictive information that will be direct-
ly applicable to the clinical care and decision making of pa-
tients with MUL.
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