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IMPORTANCE Mixed urinary incontinence, which includes both stress and urgency urinary
incontinence, adversely affects quality of life and can be difficult to manage. Studies
comparing procedural-based treatments for mixed urinary incontinence are lacking.

OBJECTIVE To determine whether intradetrusor onabotulinumtoxinA is more effective than
midurethral sling for the treatment of mixed urinary incontinence in females.

DESIGN, SETTING, AND PARTICIPANTS Randomized, superiority trial involving females (aged
�21 years) with moderate to severe bother from both stress and urgency urinary
incontinence who had unsuccessful conservative treatments and oral medications. The study
was conducted at 7 US sites with enrollment between July 2020 and September 2022; the
last date of follow-up was December 29, 2023.

INTERVENTIONS Intradetrusor injection of onabotulinumtoxinA, 100 U (treatment focused on
the urgency component), vs surgical synthetic mesh midurethral sling (treatment focused on
the stress component). Recipients of onabotulinumtoxinA could receive an additional
injection between 3 and 6 months. All participants could receive additional treatment
(including crossover to the alternative treatment) between 6 and 12 months.

MAIN OUTCOMES AND MEASURES The primary outcome was change at 6 months in mixed
incontinence symptoms as measured by the Urogenital Distress Inventory (UDI) total score
(0-300 points; higher scores indicate worse symptoms; minimal clinically important
difference, 26.1). Secondary outcomes included stress and irritative UDI subscores.

RESULTS Among 150 females randomized, 137 were treated, had postbaseline outcome data,
and were included in the primary analysis (mean [SD] age, 59.0 [11.5] years). Both groups
demonstrated mean improvement in UDI total score at 6 months with no significant
difference between groups (onabotulinumtoxinA: −66.8 points [95% CI, −84.9 to −48.8];
sling: −84.9 [95% CI, −100.5 to −69.3]; mean difference, 18.1 points [95% CI, −4.6 to 40.7];
P = .12). For secondary outcomes, greater UDI stress score improvement was seen with the
sling (−45.2 [95% CI, −53.7 to −36.8]) compared with onabotulinumtoxinA (−25.1 [95% CI,
−34.1 to −16.1]) (P < .001); however, no significant difference was seen between groups in UDI
irritative score (onabotulinumtoxinA: −32.9 [95% CI, −40.3 to −25.6] vs sling: –27.4 [95% CI,
−34.6 to −20.3]; P = .27). In the onabotulinumtoxinA group, 12.7% and 28.2% received a
second injection by 6 and 12 months, respectively. By 12 months, 30.3% in the sling group
received onabotulinumtoxinA, and 15.5% in the onabotulinumtoxinA group received a sling.
Overall, adverse events were not different between groups.

CONCLUSIONS AND RELEVANCE There was no observed difference in UDI total score
improvement at 6 months between the onabotulinumtoxinA and midurethral sling groups in
females with moderate to severe mixed urinary incontinence who previously did not respond
to conservative treatments. These findings may help inform treatment decisions based on
patient preference in partnership with clinician recommendations.
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M ixed urinary incontinence (MUI), defined as invol-
untary leakage associated with urgency (ie, ur-
gency urinary incontinence [UUI]) and with exer-

tion, effort, sneezing, or coughing (ie, stress urinary
incontinence [SUI]), is a common condition, and its preva-
lence increases with age.1,2 In the US, MUI affects an esti-
mated 30% of females 60 years of age and older, and the ef-
fect of MUI on quality of life can be profound, encompassing
emotional, physical, economic, and social dimensions.1-4 Fe-
males with urinary incontinence typically report that UUI is
more bothersome than SUI, and the combination of both is
more bothersome than either UUI or SUI alone.5-9

For females who had unsuccessful conservative ap-
proaches for MUI (ie, behavioral, pelvic floor muscle, and medi-
cation therapies) and want additional treatments, the benefits
and order of approach of advanced bladder therapies (ie, pro-
cedural/surgical interventions) have been unclear. The histori-
cal approach of treating the UUI component first with either ona-
botulinumtoxinA or sacral neuromodulation does not ensure
improvement in the SUI component. Similarly, until recently,
there have been limited data on whether treating the SUI com-
ponent with a midurethral sling would substantially improve the
UUI component. The 2019 ESTEEM trial was among the first to
address this question.10 In this study, 416 women with MUI who
sought surgical treatment for SUI were randomly assigned to
either a combination of midurethral sling plus behavioral and
pelvic floor muscle therapy or midurethral sling alone. While the
sling procedure alone resulted in improvement of both SUI and
UUI symptoms, those in the sling-only group had a higher like-
lihood of requiring additional treatment sooner.10

Fundamentally, the key question is not only what proce-
dural treatment improves MUI symptoms the most, but also
what is the best treatment to receive first because many pa-
tients eventually pursue both treatments. The current trial hy-
pothesized that treatment focused on the UUI component (ona-
botulinumtoxinA) would be superior to treatment focused on
the SUI component (midurethral sling). The objective of the
Treatment for Mixed Urinary Incontinence: Midurethral Sling
vs Botox A (MUSA) trial was to determine whether intradetru-
sor injection of onabotulinumtoxinA (Botox A) would im-
prove MUI symptoms in females at 6 months compared with
midurethral sling.11

Methods
Study Design and Oversight
This was a multicenter, randomized, superiority trial ap-
proved by the institutional review boards of 7 clinical sites in
the Eunice Kennedy Shriver National Institute of Child Health
and Human Development Pelvic Floor Disorders Network. All
participants provided written informed consent. Safety was re-
viewed by an independent data and safety monitoring board
3 times each year during the trial. Study methods have previ-
ously been published,11 and the study protocol appears in
Supplement 1. The final statistical analysis plan appears in
Supplement 2. This study followed Consolidated Standards of
Reporting Trials reporting guidelines.

Participants
Females were eligible if they were 21 years or older, reported
moderate or severe bother from both SUI and UUI symptoms
for at least 3 months, demonstrated a positive cough stress test
(observed urine loss synchronous with a cough), docu-
mented at least 4 UUI episodes on a 3-day bladder diary, and
had unsuccessful conservative treatments and oral medica-
tions. Exclusion criteria included anterior or apical prolapse
at or beyond the hymen, planned concomitant surgery for an-
terior or apical prolapse, prior sling, current oral overactive
bladder medication use (participants were eligible after a
3-week washout period), and postvoid residual volume greater
than 150 mL on 2 occasions within the past 6 months or cur-
rent urinary catheter use (eTable 1 in Supplement 3). Race and
ethnicity data were collected to help describe the study popu-
lation based on participant self-report from fixed US National
Institutes of Health categories (Figure 1 and Table 1).

Interventions and Randomization
Participants were randomly assigned to receive either intra-
detrusor injection of onabotulinumtoxinA, 100 U (office or op-
erating room procedure), or synthetic polypropylene mesh
midurethral sling (operating room procedure). Both retropu-
bic and transobturator full-length midurethral sling tech-
niques were allowed because previous trials support equiva-
lent outcomes.12-15 Consistent with the previous ESTEEM trial,
single-incision midurethral slings were not included to better
standardize the intervention.10 Participants in the onabotu-
linumtoxinA group were eligible for an additional injection be-
tween 3 and 6 months. Participants in both groups had no uri-
nary incontinence treatments other than the allocated study
intervention for 6 months. After 6 months, all participants
could cross over to the alternate treatment or request other
treatments not included in the study. Participants were ran-
domized 1:1 within the data management system using per-
muted blocks of sizes 2 and 4, stratified by clinical site and age
(≥65 or <65 years). Participants and surgeons were not masked.
Outcome assessors were masked.

Primary and Secondary Outcomes
All outcomes reported (primary, secondary, and exploratory)
were prespecified. The study was powered for the primary out-

Key Points
Question Is there a superior procedural-based treatment for
females with mixed urinary incontinence who have at least
moderate bother from both stress and urgency incontinence?

Findings In this randomized clinical trial of 137 females with mixed
urinary incontinence, there was no significant difference between
onabotulinumtoxinA or midurethral sling in the change of the
Urogenital Distress Inventory total score from baseline to 6
months after treatment. Both groups experienced improvement.

Meaning There were no observed differences in outcomes for
females with mixed urinary incontinence undergoing treatment
with onabotulinumtoxinA or midurethral sling. The study results
support an approach that considers patient preference in
partnership with clinician recommendations.
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come, change in MUI symptoms at 6 months, measured using
the Urogenital Distress Inventory (UDI) long-form total score
(range 0-300 points; minimal clinically important difference
[MCID], 26.1).10,11,16 The UDI is a validated patient-reported out-
come questionnaire with 3 symptom subscales: irritative symp-

toms (urgency incontinence, frequency, nocturia, and ur-
gency), stress incontinence, and obstructive symptoms. Each
subscale ranges from 0 to 100 points, with higher scores in-
dicating greater symptom severity.16 Recognizing that fe-
males with MUI may be unable to determine their type of in-

Figure 1. Participant Flow in the Treatment for Mixed Urinary Incontinence: Midurethral Sling vs Botox A Trial

684 Nonpregnant adult females at least 21 years
old reporting symptoms of mixed urinary
incontinence were screened

199 Consented

485 Excluded
241 Did not meet inclusion or exclusion criteriaa

79 Decided on different therapy
79 Other or unwilling
44 Participant refused onabotulinumtoxinA
42 Participant refused sling

49 Excluded
32 Ineligible

17 Eligible, not randomized
8 Withdrew consent
4 Withdrawn by investigator
3 Lost to follow-up
2 Lack of insurance

11 No presence of UUI on bladder diary
8 No diagnosis of SUI by positive cough stress

test or urodynamic testing in past 18 mo
4 No report of at least moderate bother for

UUI or SUI on Urinary Distress Inventory
4 Prolapse at or beyond the hymen
2 Sling, mesh for prolapse, or implanted nerve stimulator
2 Not able to complete study assessments per clinician

judgment or not available for 6 mo of follow-up
1 Currently taking overactive bladder medication or therapy

150 Randomizedb

9 Not treated
5 Withdrew consent
2 Not medically appropriate for surgery
1 Not covered by insurance
1 Did not meet surgery timeline

1 Not treated (withdrew consent)

63 Completed follow-upe

3 Lost to follow-up during initial 6 mo
2 Lost to follow-up after initial 6 mo
1 Withdrew consent after initial 6 mo

67 Completed follow-upe

3 Lost to follow-up during initial 6 mo
1 Lost to follow-up after initial 6 mo

66 Included in the primary analysisf71 Included in the primary analysisf

69 Treated (1 patient treated with
onabotulinumtoxinAd)

71 Treated

78 Midurethral sling groupc72 OnabotulinumtoxinA groupc

SUI indicates stress urinary incontinence; UUI, urgency urinary incontinence.
aSpecific inclusion and exclusion criteria were not maintained for screening
failures.
bRandomization was stratified by clinical site and age category (�65, <65
years).
cOnabotulinumtoxinA is focused on treating UUI, and midurethral sling is
focused on treating SUI.
dOne patient was randomized to midurethral sling but received

onabotulinumtoxinA. This patient remained in the primary analysis population
under midurethral sling, the treatment to which the patient was randomized.
eCompletion indicates that the patient finished their final follow-up visit. One
patient, randomized before the 12-month follow-up extension was added as a
protocol amendment, was considered to have completed the study at 6
months.
fTreated and had postbaseline efficacy data.

Midurethral Sling vs OnabotulinumtoxinA in Females With Urinary Incontinence Original Investigation Research

jama.com (Reprinted) JAMA June 3, 2025 Volume 333, Number 21 1889

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Dalhousie University user on 12/08/2025

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.4682


continence episode or which component is more bothersome
(UUI or SUI), we chose the UDI total score as the primary out-
come to reflect overall MUI symptoms. Secondary outcomes
included the change in UDI total score at 3 months and the
changes in UDI stress (MCID, 5.4)10 and irritative (MCID, 10.2)10

subscale scores at 6 months.

Other Outcomes
Prespecified exploratory outcomes included the change in UDI
total, stress, and irritative scores at 12 months. Incontinence-

specific quality of life was measured using the Incontinence
Impact Questionnaire, which ranges from 0 to 400 points with
an MCID of 16 points; higher scores indicate worse quality of
life.16,17 Participants completed the Patient Global Impres-
sion of Improvement (PGI-I)18 questionnaire (range, 1 [very
much better] to 7 [very much worse], dichotomized for analy-
sis into responses 1-2 [much better and very much better com-
pared with all other categories]), the PGI of Severity (PGI-S)18

(range, 1 [normal] to 4 [severe], dichotomized into responses
1-2 [normal and mild] compared with all other categories), and

Table 1. Demographics and Baseline Characteristics

Characteristic

No. (%)

OnabotulinumtoxinA (n = 71)a Midurethral sling (n = 66)a

Age, mean (SD) [range], y 59.1 (11.4) [27-78] 59.0 (11.7) [33-87]

Raceb

Asian 2 (2.8) 0

Black/African American 10 (14.1) 10 (15.2)

Native Hawaiian or Other Pacific Islander 1 (1.4) 1 (1.5)

White 55 (77.5) 54 (81.8)

Unknown/not reported 3 (4.2) 1 (1.5)

Hispanic/Latina ethnicity, No./total (%)c 15/71 (21.1) 6/65 (9.1)

Education, highest level obtained was greater than high school,
No./total (%)

46/68 (64.8) 32/63 (48.5)

Currently smoking 7 (9.9) 9 (13.6)

No. of vaginal deliveries, median (IQR) 2 (1-3) 2 (1-3)

Total No. of deliveries, median (IQR) 2 (1-3) 2 (2-3)

Menopausal status

Pre 7 (9.9) 14 (21.2)

Post 56 (78.9) 49 (74.2)

Not sure 8 (11.3) 3 (4.5)

Currently using estrogen by prescription 21 (29.6) 18 (27.3)

BMI, mean (SD)d 34.3 (8.3) 35.0 (7.6)

Type of urinary incontinencee

Stress predominant 3 (4.2) 4 (6.1)

Urge predominant 7 (9.9) 10 (15.2)

Balanced 61 (85.9) 52 (78.8)

Baseline incontinence episode daily frequency, mean (SD) 7.1 (4.1) 7.4 (4.0)

Time from baseline visit to treatment, mean (SD), df 59.0 (38.5) 56.8 (43.4)

Median (IQR) 49 (36-75) 46 (27-76)

Treatment >90 d after baseline 7 (9.9) 10 (15.2)

Baseline UDI scores, mean (SD)g

Total 187.6 (38.2) 180.9 (36.5)

Irritative 75.7 (16.6) 77.3 (15.4)

Stress 86.6 (18.4) 80.3 (21.9)

Abbreviations: BMI, body mass index; UDI, Urogenital Distress Inventory.
a The primary analysis population is defined as all participants who received any

treatment and have postbaseline efficacy data, regardless of randomized
treatment.

b Race categories were self-reported using check all that apply and specific
closed options, including an unknown/not reported selection.

c Ethnicity categories were self-reported using select only one, specific closed
option, including an unknown/not reported selection.

d BMI calculated as weight in kilograms divided by height in square meters.
e The type of urinary incontinence is defined by responses at baseline on the

UDI to the urgency urinary incontinence (UUI) item “Do you experience urine
leakage related to a feeling of urgency? If yes, how much does it bother you?”

and stress urinary incontinence (SUI) item “Do you experience urine leakage
related to physical activity, coughing or sneezing? If yes, how much does it
bother you?” Greater bother reported on the UUI item is classified as urge
predominant, greater bother reported on the SUI item is classified as stress
predominant, and equal bother reported is classified as balanced.

f Baseline refers to the time of the first UDI assessment completion, which is
used to determine eligibility. Participants were expected to receive treatment
within 91 days of completing their baseline UDI.

g The UDI total score ranges from 0 to 300, and the UDI irritative and stress
scores range from 0 to 100, with higher scores indicating greater symptom
severity.
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the Patient Global Symptom Control (PGSC) (“This treatment
has given me adequate control of my urinary leakage”; range,
1 [disagree strongly] to 5 [agree strongly]). Overactive bladder–
specific questionnaires included the Overactive Bladder Ques-
tionnaire (OAB-q)19 (contains symptom bother and health-
related quality of life [OAB-q-HRQL] subscales; responses on
6-point Likert scales; range, 0-100 points; higher scores indi-
cate more severe symptoms or better quality of life, respec-
tively) and the OAB Treatment Satisfaction Questionnaire
(OAB-SAT-q)20 (responses on 4-, 5-, and 6-point Likert scales;
range, 0-100 points; higher scores indicate greater satisfac-
tion). Three-day bladder diary measures were collected, in-
cluding the number of total, irritative, and stress inconti-
nence episodes per day. All questionnaires were administered
at 3, 6, 9, and 12 months. Visits at 9 and 12 months were com-
pleted via telephone call. Participants completed question-
naires in REDCap or paper and the bladder diary by paper.

Other outcomes included additional urinary inconti-
nence treatments, clinically important complications, and ad-
verse events.

Statistical Analysis
A sample size of 146 participants (73 per group) was planned
to obtain 90% power to detect a difference between groups for
the UDI total score change from baseline at 6 months of 26.1,
which is the published MCID for women with MUI from the
ESTEEM trial, assuming a 2-sided α of .05, SD of 46.5, and an
expected 5% dropout.10,21 Because females in both groups
could cancel procedures, nontreated patients were removed
from the evaluation of efficacy for the primary analysis, con-
sistent with analyses for prior Pelvic Floor Disorders Network
protocols. The primary outcome population included random-
ized and treated participants with postbaseline efficacy data.

A general linear mixed model for repeated measures esti-
mated the change from baseline in continuous outcomes at 3,
6, 9, and 12 months with fixed effects for the treatment group,
time as a categorical variable, site, baseline score, age category,
and interaction between treatment group and time. Correla-
tion between repeated measures on the same participant was
modeled using an unstructured pattern separately within each
treatment group. An analogous generalized logistic mixed model
compared treatments for binary outcomes. No multiple com-
parison adjustments were made for multiple outcomes, so find-
ings for secondary and exploratory outcomes are descriptive.

Because additional urinary treatment was expected to im-
prove outcomes, a supportive per-protocol analysis of the UDI
total, stress, and irritative scores set to missing any outcome
measures at 3 and 6 months that occurred after additional treat-
ments (not allowed in the protocol) and excluded a partici-
pant who received the alternate treatment instead of the one
to which they were randomized. Because additional and cross-
over treatments were allowed after 6 months, 3 sensitivity
analyses compared the groups for change in UDI total score at
9 and 12 months, each with outcomes after any additional treat-
ment set to missing: (1) an extension of the per-protocol analy-
sis and (2) multiple imputation under alternative missing data
assumptions via both control-based imputation and tipping
point imputation (see eMethods in Supplement 3).22

To compare with the UDI MCID from ESTEEM, the MCID
for the UDI total, stress, and irritative scores for this popula-
tion of females with MUI who had unsuccessful conservative
treatments and oral medications were estimated using anchor-
based and distribution-based methods.23-26

Our statistical approach was performed as originally speci-
fied in the statistical analysis plan (Supplement 2). Analyses
were performed using SAS version 9.4 (SAS Institute Inc). Sta-
tistical significance was set at P less than .05, and testing was
2-sided.

Results
Study Population
Between July 2020 and September 2022, 150 females were ran-
domized, 140 were treated (onabotulinumtoxinA: 71 of 72
[98.6%], sling: 69 of 78 [88.5%]), and 137 had postbaseline data;
134 completed 6-month follow-up (onabotulinumtoxinA: 68
of 71 [95.8%], sling: 66 of 69 [95.7%]), and 130 completed the
12-month follow-up (onabotulinumtoxinA: 67 of 71 [94.4%],
sling: 63 of 69 [91.3%]) (Figure 1).

Baseline demographic and clinical characteristics are pro-
vided in Table 1. The mean (SD) age of participants was 59.0
(11.5) years (range, 27 to 87 years); self-identified race was 1.5%
Asian, 14.6% Black/African American, 1.5% Native Hawaiian
or Other Pacific Islander, 79.6% White, and 2.9% unknown/
not reported and 15.3% reported Hispanic/Latina ethnicity. MUI
severity based on the UDI total mean (SD) score was 184.3 (37.4),
the mean (SD) daily total incontinence episodes was 7.2 (4.1),
and based on the UUI and SUI bother questions from the UDI,
most females (82.5%) had MUI that was balanced between
stress and urgency.

Primary Outcome
Both groups demonstrated mean improvement in the UDI total
score at 6 months with no significant difference between
groups (onabotulinumtoxinA: −66.8 points [95% CI, −84.9 to
−48.8]; sling: −84.9 [95% CI, −100.5 to −69.3]; mean differ-
ence, 18.1 points [95% CI, −4.6 to 40.7], P = .12; Table 2,
Figure 2A and B), demonstrating that onabotulinumtoxinA in-
jection was not superior to midurethral sling as hypoth-
esized. The supportive per-protocol analysis was consistent
with the primary analysis (eTable 2.1 and eFigure 1.1 in Supple-
ment 3).

Secondary Outcomes
There was no difference between groups in the UDI total score
at 3 months (4.7 points [95% CI, −18.5 to 27.9], P = .69). The
UDI irritative and stress scores improved in both groups at 6
months (Table 2, Figure 2C-F). Although the onabotulinum-
toxinA group generally reported a decrease in the UDI irrita-
tive score above the MCID of 10.2 compared with sling at 3
months, there was no difference between groups by 6 months
(onabotulinumtoxinA: −32.9 [95% CI, −40.3 to −25.6] vs sling:
−27.4 [95% CI, −34.6 to −20.3]; mean difference, –5.5 [95% CI,
−15.3 to 4.3], P = .27). The sling group had greater UDI stress
score improvement at 6 months (−45.2 [95% CI, −53.7 to −36.8])
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than onabotulinumtoxinA (−25.1 [95% CI, −34.1 to −16.1]; mean
difference, 20.1 [95% CI, 8.4 to 31.9]; P < .001), which is above
the MCID of 5.4.

Exploratory Outcomes
At the 12-month point, the difference between groups in the
UDI total score widened (24.4 points [95% CI, 1.1 to 47.7],
P = .04; Table 2) but was less than the MCID of 26.1. The UDI
stress score continued to show greater improvement for the
sling group compared with the onabotulinumtoxinA group (dif-
ference, 24.5 [95% CI, 12.1 to 36.8]; P < .001), and there con-
tinued to be no difference in UDI irritative score improve-
ment between groups (0.8 points [95% CI, −9.8 to 11.3], P = .89).
The prespecified supportive analysis confirmed the 12-
month results (see eResults, eTables 2.1-2.3, and eFigures 1.1-
1.2 in Supplement 3).

Both groups reported improvement in incontinence-
specific symptoms, quality of life, and satisfaction, and most
participants indicated satisfactory improvement and control
of bladder symptoms at 6 and 12 months (eTable 3 and eFig-
ure 2 in Supplement 3).

At 6 months, both groups had a reduction in total incon-
tinence episodes per day (onabotulinumtoxinA: −2.9 [95%

CI, –3.6 to –2.1] vs sling: −4.0 [95% CI, –4.9 to −3.1]; differ-
ence, 1.1 [95% CI, 0.0 to 2.2]; P = .05). While there was no
difference in reduction in irritative incontinence episodes
per day between groups, the sling group had a greater
reduction of stress incontinence episodes per day (differ-
ence, 0.9 [95% CI, 0.5 to 1.4], P < .001). By 12 months, there
was no difference between groups in terms of reduction of
stress, irritative, or total incontinence episodes per day
(eTable 4 in Supplement 3).

Additional Treatments
In the onabotulinumtoxinA group, 9 (12.7%) received a sec-
ond injection by 6 months, and 20 (28.2%) received a sec-
ond injection by 12 months. There was no difference in
receipt of crossover treatment between groups at 6 months
(onabotulinumtoxinA: 2.8% vs sling: 7.6%, P = .26); how-
ever, by 12 months, 20 (30.3%) in the sling group received
onabotulinumtoxinA compared with 11 (15.5%) in the ona-
botulinumtoxinA group who received a sling (P = .04).
In addition, throughout the study, 13.6% of participants in
the sling group received nonstudy treatments compared
with 7.0% in the onabotulinumtoxinA group (eTable 5 in
Supplement 3).

Table 2. Primary and Secondary Efficacy Outcomes

Month

OnabotulinumtoxinA (n = 71) Midurethral sling (n = 66)
OnabotulinumtoxinA
vs midurethral sling

No.a Mean (SD)
Estimated mean change
from baseline (95% CI)b No.a Mean (SD)

Estimated mean change
from baseline (95% CI) b

Estimated mean
difference (95% CI)b P valueb

UDI total score at 6 mo (primary outcome)c,d

0 (Baseline) 71 187.6 (38.2) 66 180.9 (36.5)

6 mo 64 112.2 (74.2) −66.8 (−84.9 to −48.8) 65 92.4 (61.9) −84.9 (−100.5 to −69.3) 18.1 (−4.6 to 40.7) .12

UDI total Score (secondary time points of primary outcome)c,d

3 mo 68 106.4 (71.3) −76.7 (−94.0 to −59.5) 64 95.1 (66.2) −81.4 (−98.6 to −64.2) 4.7 (−18.5 to 27.9) .69

9 mo 56 121.5 (68.9) −55.3 (−72.6 to −38.1) 56 94.4 (63.2) −79.6 (−96.8 to −62.5) 24.3 (1.1 to 47.5) .04

12 mo 61 117.4 (70.4) −60.5 (−77.5 to −43.4) 60 89.3 (67.3) −84.9 (−102.4 to −67.3) 24.4 (1.1 to 47.7) .04

UDI irritative score (secondary outcome)c,e

0 (Baseline) 71 75.7 (16.6) 66 77.3 (15.4)

3 mo 68 35.1 (30.8) −38.9 (−45.4 to −32.3) 64 49.3 (32.5) −24.9 (−32.7 to −17.1) −13.9 (−23.7 to −4.2) .005

6 mo 64 40.1 (32.0) −32.9 (−40.3 to −25.6) 65 46.6 (29.5) −27.4 (−34.6 to −20.3) −5.5 (−15.3 to 4.3) .27

9 mo 56 42.2 (33.3) −29.2 (−36.9 to −21.6) 56 46.0 (32.3) −27.1 (−35.2 to −19.0) −2.1 (−12.7 to 8.6) .70

12 mo 61 43.2 (31.1) −28.3 (−35.6 to −21.0) 60 43.7 (32.6) −29.1 (−37.3 to −20.8) 0.8 (−9.8 to 11.3) .89

UDI stress score (secondary outcome)c,e

0 (Baseline) 71 86.6 (18.4) 66 80.3 (21.9)

3 mo 68 59.1 (37.4) −24.2 (−33.5 to −14.9) 64 33.6 (34.7) −46.6 (−55.6 to −37.7) 22.4 (10.0 to 34.8) <.001

6 mo 64 56.8 (35.4) −25.1 (−34.1 to −16.1) 65 35.6 (33.7) −45.2 (−53.7 to −36.8) 20.1 (8.4 to 31.9) <.001

9 mo 56 64.3 (32.9) −17.2 (−26.0 to −8.4) 56 37.2 (35.0) −41.2 (−51.2 to −31.1) 24.0 (11.2 to 36.7) <.001

12 mo 61 62.0 (35.6) −20.6 (−29.8 to −11.4) 60 34.4 (34.3) −45.1 (−54.1 to −36.1) 24.5 (12.1 to 36.8) <.001

Abbreviation: UDI, Urogenital Distress Inventory.
a The primary analysis population includes all participants who received any

treatment and have postbaseline efficacy data, regardless of randomized
treatment.

b Estimates and P values are from a general linear model for repeated
measurements with fixed effects adjusting for baseline value, clinical site, age
group (�65, <65 years), treatment, month as a categorical predictor, and
interaction between treatment and month, with an unstructured correlation
pattern across months separately within each treatment group.

c The primary outcome is the UDI total score at 6 months. The 3 secondary

outcomes were the UDI total score at 3 months and the UDI irritative and
stress scores at 6 months.

d The UDI total score ranges from 0 to 300; from the ESTEEM trial, the minimal
clinically important difference for females with mixed urinary incontinence is
26.1 points, with higher scores indicating greater symptom severity.10

e The UDI subscales range from 0 to 100; from the ESTEEM trial, the minimal
clinically important difference for females with mixed urinary incontinence is
10.2 points for irritative and 5.4 points for stress incontinence, with higher
scores indicating greater symptom severity.10
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Figure 2. Urogenital Distress Inventory (UDI) Total, Irritative, and Stress Scores Change From Baseline
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Complications and Adverse Events
Few complications were related to the interventions (Table 3;
eTable 6 in Supplement 3). Serious adverse events (4.2% in the
onabotulinumtoxinA group and 11.8% in the sling group) were
unrelated to study treatments. For the initial randomized study
intervention, no patient went home with a urinary catheter af-
ter onabotulinumtoxinA injection compared with 8 (11.8%) af-
ter a sling, and 2.8% and 1.5% required clean intermittent cath-
eterization 2 weeks after onabotulinumtoxinA and sling,

respectively. Through 12 months, more participants in the sling
group experienced recurrent urinary tract infections (17.6%)
compared with the onabotulinumtoxinA group (6.9%). In the
sling group, vaginal mesh exposure (mesh visible or palpable
in the vagina that can cause vaginal bleeding, discharge, in-
fection, pain, or dyspareunia) occurred in 2.9% and 1.5% re-
quired sling surgical revision. Worsening UUI from baseline at
any time occurred in 20.8% and 16.2% of the onabotulinum-
toxinA and sling groups, respectively.

MCID Estimates From Study Data
MCID estimates for this study population were based on the
mean of the distribution-based estimate and the anchor-
based estimates using the PGI-I, PGSC, and number of daily
incontinence episodes, resulting in MCIDs (in whole num-
bers) of 19 for the UDI total, 11 for the UDI irritative, and 9 for
the UDI stress scores (eTables 7.1-7.4 in Supplement 3).

Discussion
In this randomized trial of females with moderate to severe MUI
who did not respond to conservative therapy and medica-
tions, onabotulinumtoxinA was not superior to midurethral
sling. MUI symptoms improved in both groups at 6 months.

Secondary outcomes were selected to evaluate the UUI and
SUI components of MUI after treatment with onabotulinum-
toxinA (therapy focused on UUI) and midurethral sling (therapy
focused on SUI). Participants receiving a midurethral sling had
greater SUI symptom improvement than those receiving ona-
botulinumtoxinA at 6 months, but there were no differences
in UUI symptom improvement. Bladder diary outcomes had
a similar pattern of results at 6 months, with a greater reduc-
tion of SUI incontinence episodes in the sling group and no dif-
ference in the reduction of UUI incontinence episodes. One ex-
planation for why a greater improvement in UUI outcomes was
not seen in the onabotulinumtoxinA group compared with the
sling group beyond 3 months is that onabotulinumtoxinA ef-
fects dissipate over time and while the onabotulinumtoxinA
group participants were eligible for a second injection be-
tween 3 and 6 months, only 12.7% elected to do so. By 12
months, no differences were seen in UUI, SUI, or MUI symp-
toms or bladder diary results. This may be because 30.3% of
the sling group and 15.5% of the onabotulinumtoxinA group
received both therapies by 12 months.

The midurethral sling group had improvement in UUI
symptoms at 6 months before they were allowed additional
treatments. These improvements in UUI symptoms after a sling
were also seen in the ESTEEM study, a trial of women with MUI
that compared combined sling plus behavioral/pelvic floor
muscle therapy vs sling alone.10 Both groups in ESTEEM re-
ported reductions in urgency symptoms. However, com-
pared with the current study, where 30.3% of the sling group
added onabotulinumtoxinA therapy by 12 months, only 12%
in the ESTEEM study added UUI therapy. One explanation may
be that the ESTEEM participants may represent a different MUI
population who were not actively seeking treatment for both-
ersome UUI and were not required to have had unsuccessful

Table 3. Postoperative Complications and Adverse Events Within 12
Months in the Safety Population

Complicationa

No. (%)
OnabotulinumtoxinA
(n = 72)

Midurethral
sling (n = 68)

Any catheter placement or
intermittent self-catheterization
starting or continuing 2 or more
wk after initial procedure

2 (2.8) 1 (1.5)

Went home with catheter
at study intervention

0 8 (11.8)

Complications at time of study
interventionb

0 2 (2.9)

Hospital admission or return to
operating room related to
intervention

0 0

Adverse events of special interest
or related to pelvis within 12 mo

Urinary tract infection 20 (27.8) 20 (29.4)

Painc 20 (27.8) 15 (22.1)

Difficulty with bladder
emptyingd

15 (20.8) 22 (32.4)

Evidence of worsening urge
incontinencee

15 (20.8) 11 (16.2)

Dyspareuniaf 10 (13.9) 10 (14.7)

Recurrent urinary tract
infectiong

5 (6.9) 12 (17.6)

Pyelonephritis 1 (1.4) 1 (1.5)

Constipation 0 2 (2.9)

Midurethral sling mesh
exposure

0 2 (2.9)

Midurethral sling
removal/revision

0 1 (1.5)

a The safety population includes all participants who received any treatment,
summarized by the actual treatment received.

b Complications in the midurethral group include 1 bladder injury and 1
vagotomy.

c Pain includes reported adverse events coded to MedDRA preferred term of
pelvic pain or lavator spasm or a positive response to Urogenital Distress
Inventory (UDI) item “Do you experience pain in the lower abdominal or
genital area?”

d Difficulty with bladder emptying includes reported adverse events coded to
Medical Dictionary for Regulatory Activities (MedDRA) preferred term of
urinary retention or residual urine volume or a positive response to UDI item
“Do you experience difficulty emptying your bladder?”

e Evidence of worsening urge incontinence was evaluated at all postbaseline
visits, defined as any UDI irritative score increasing >12 points from baseline or
any bladder diary average daily urge incontinence episode frequency
increasing �2 episodes per day from baseline.

f Dyspareunia includes reported adverse events coded to MedDRA preferred
term of dyspareunia or partner dyspareunia or a positive response to Pelvic
Organ Prolapse/Urinary Incontinence Sexual Questionnaire–Revised version
item “How often do you feel pain during sexual intercourse?”

g Recurrent urinary tract infection was reported by the investigator and
confirmed by an independent medical monitor review.
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conservative treatment and oral medication, which was an eli-
gibility criterion for the current trial.

In this group of females with moderate to severe MUI who
had unsuccessful conservative therapy and medications, a por-
tion required additional treatment to maintain clinical benefits
beyond 6 months. By 12 months, 22.6% received both a sling and
onabotulinumtoxinA, 10.2% received other nonstudy treat-
ments, and 28.2% in the onabotulinumtoxinA group had a sec-
ond injection. There was a higher proportion of patients in the
sling group who received crossover treatment with onabotu-
linumtoxinA compared with those in the onabotulinumtoxinA
group treated with a sling (30.3% vs 15.5%, respectively). Be-
cause sling procedures were performed in the operating room
and onabotulinumtoxinA was primarily clinic based, partici-
pants may be more likely to undergo an additional, less-
invasive procedure. However, this difference in crossover treat-
ment could also be related to UUI being more chronic, less
predictable, and more bothersome than SUI. Thus, females may
continue to seek additional treatment for UUI symptoms.

Both treatments have risks associated with their use. The
sling group had a similar rate of sling surgical revision (1.5%),
vaginal mesh exposure (2.9%), and short-term postproce-
dural urinary catheter use (11.8%) compared with other
studies.13,15,27 No patients in the onabotulinumtoxinA cohort
required immediate catheter use, although 2.8% required in-
termittent self-catheterization 2 weeks after the procedure,
similar to published rates of 5%.28 Urinary tract infections are
common after both procedures and were consistent with prior
studies.10,29 There were no serious adverse events related to
the study treatments.

The strengths of this study include a randomized design,
validated patient-reported outcomes, and a staff that was
masked to administer questionnaires and bladder diaries. In-

cluding a 6-month period limited to the randomized study in-
tervention and a subsequent 6-month period allowing addi-
tional urinary incontinence treatments permit comparison of
the study interventions and pragmatic evaluation of the need
for additional MUI therapies.

Limitations
This study has several limitations. First, participants and sur-
geons were not masked. Second, given counseling about pos-
sibly receiving the alternative intervention after 6 months, par-
ticipants may have anticipated receiving both treatments,
contributing to the crossover rate. However, this would have
affected both groups equally, and the crossover rate was lower
in the onabotulinumtoxinA group. Third, because MUI is a
chronic condition, longer follow-up is needed to determine
whether additional participants would cross over to the alter-
native treatment and the frequency of additional onabotu-
linumtoxinA injections. Fourth, this population is not repre-
sentative of the distribution of race and ethnicity in the US.

Conclusions
Among females with moderate to severe MUI who previously
did not respond to conservative treatments and oral medica-
tions, onabotulinumtoxinA injection and midurethral sling sur-
gery resulted in no observed difference in MUI symptom im-
provement at 6 months. Moderate to severe bothersome stress
and urgency incontinence can be difficult to treat with one
therapy, as 22.6% received both a sling and onabotulinum-
toxinA by 12 months. These findings may help inform treat-
ment decisions based on patient preference in partnership with
clinician recommendations.
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