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Abstract
Introduction and hypothesis  Mixed urinary incontinence (MUI) is defined by the International Urogynecology Association 
(IUGA) and International Continence Society as the complaint of involuntary leakage of urine associated with urgency and 
also with exertion, effort, sneezing or coughing. It therefore implies the coexistence of both stress urinary incontinence (SUI) 
and urgency urinary incontinence (UUI). MUI is a heterogeneous diagnosis that requires an assessment of its individual 
components of SUI and UUI. Management requires an individualised approach to the symptom components. The aim of 
this review is to identify the assessment/investigations and management options for MUI.
Methods  A working subcommittee from the IUGA Research & Development (R&D) Committee was created and volunteers 
invited from the IUGA membership. A literature review was performed to provide guidance focused on the recommended 
assessment and management of MUI. The document was then evaluated by the entire IUGA R&D Committee and IUGA 
Board of Directors and revisions made. The final document represents the IUGA R&D Committee Opinion.
Results  The R&D Committee MUI opinion paper provides guidance on the assessment and management of women with 
MUI and summarises the evidence-based recommendations.
Conclusions  Mixed urinary incontinence is a complex problem and successful management requires alleviation of both the 
stress and urge components. Care should be individualised based on patient preferences. Further research is needed to guide 
patients in setting goals and to determine which component of MUI to treat first. The evidence for many of the surgical/
procedural treatment options for MUI are limited and needs to be explored in more detail.
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Introduction

Mixed urinary incontinence (MUI) is the involuntary loss 
of urine associated with urgency and physical exertion [1]. 
It is difficult to know whether MUI is a single entity with 

components of both urge and stress incontinence or whether 
it is actually two separate entities presenting simultaneously. 
Stress urinary incontinence (SUI) is a urethral problem 
attributed to pelvic floor weakness, functional loss of the 
urethral sphincter, and/or loss of the urethrovesical angle; 
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whereas urgency incontinence is a bladder problem attrib-
uted to uninhibited bladder contractions.

Mixed urinary incontinence presents a complex clinical 
problem as successful treatment requires alleviation of both 
the stress and the urge components. The prevalence esti-
mates of MUI vary widely based on symptom acquisition 
from 8.3% when based on objective urodynamics (UDS) 
findings to 93.3% when based on subjective patient-reported 
symptoms.

An important clinical dilemma is which component to 
treat first. Traditional thinking in the management of MUI 
involved treatment for whichever form of urinary inconti-
nence (UI) predominates [2]. Unfortunately, women with 
MUI often have more severe symptoms and respond less 
well to treatment than women with isolated SUI or urgency 
urinary incontinence (UUI) [3]. Treatment of MUI is ulti-
mately based on the composite assessment and shared deci-
sion making based on elicited patient expectations and treat-
ment goals.

Many studies report on the independent treatment of 
either stress or UUI but surprisingly few studies report on 
the treatment of MUI. Throughout the remainder of this 
manuscript, we will discuss assessment options followed 
by conservative, pharmacological and then procedural treat-
ments of MUI.

Assessment of MUI

History

The first step of evaluating MUI begins with a detailed 
history. A full assessment of urinary incontinence can-
not be made in isolation and should include discussion 
of other pelvic floor issues including bladder, bowel, 
vaginal and sexual symptoms. For example, the impact 
of constipation and bowel problems on lower urinary 
tract symptoms is well established [4, 5]. It is important 
to discuss contributing risk factors including medical, 
obstetric, gynaecological and surgical history, as well as 
underlying neurological problems, incontinence surgery, 
drug therapy and prior radiation, all of which can have a 
significant impact when deciding on additional therapy.

Part of the discussion should focus on which compo-
nent of MUI (stress or urgency) is the more bothersome 
symptom. This determination can be complemented by 
the use of validated patient-reported outcome measures 
(PROMs) as these allow a more accurate subjective 
assessment of women with urinary incontinence. There 
is a wide range of PROMs that assess many domains 
of pelvic floor function [6]. Some of these question-
naires assign a score to the different components of 

lower urinary tract dysfunction, which allows the clini-
cian to assess the severity and degree of bother caused 
by the individual symptoms including stress or urgency 
incontinence.

Bladder diary

The frequency volume chart/bladder diary is recommended 
by the International Continence Society and the European 
Urology Association [7, 8] as a part of routine workup. The 
electronic bladder diary, first described in 2003 [9] allows 
more objective symptom assessment. There is some evidence 
to suggest that electronic diaries might be more preferable to 
patients irrespective of gender, age or education [10].

The optimal duration of a bladder diary is usually 
accepted as 3 days [11]. The 3-day diary has been validated 
to provide data comparable with a 7-day diary and is less 
burdensome to the patient. Patients are asked to record the 
number, time and volume of each micturition, urgency and 
incontinence episodes including what activities were tem-
porally associated with the leakage.

Physical examination

A detailed pelvic and abdominal examination should be 
performed noting examination findings such as pelvic or 
abdominal masses, vaginal atrophy, pelvic muscle strength 
and vaginal prolapse as these conditions are associated with 
MUI. Vaginal atrophy is easily treatable if detected and has 
been associated with urinary incontinence [12].

Although pelvic floor muscles can be assessed by a vari-
ety of scales, we suggest using the Oxford grading system, 
which consists of evaluating pelvic muscle strength with 
digital palpation during a maximal voluntary contraction on 
a scale of 0 to 5 [13]:

0/5	No contraction
1/5	Visible/palpable muscle contraction but no movement
2/5	Movement with gravity eliminated
3/5	Movement against gravity only
4/5	Movement against gravity with some resistance
5/5	Movement against gravity with full resistance

Physical examination can also assess urethral mobil-
ity as hyper- or hypo-mobility can impact treatment 
options. Mobility of the bladder neck is assessed based 
on the difference between the urethral position at rest and 
with Valsalva and can be done using perineal/translabial 
ultrasound (objective assessment) or simple observation 
(subjective assessment). The Q tip test is now outdated. 
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Studies have shown that subjective and objective assess-
ments of urethral hypermobility are comparable [14].

Investigations

Urodynamics

Evidence supporting the role of UDS prior to the invasive treat-
ment of MUI is not robust. There are studies that have failed to 
find a corelation between the need for re-intervention following 
surgery for MUI and preoperative UDS testing [15]. Conversely, 
another study concluded that women who received treatment 
concordant with their UDS findings were more likely to report 
an improvement in bladder symptoms [16]. Many providers 
obtain UDS evaluation prior to performing invasive therapy for 
urinary incontinence. Ideally, UDS would demonstrate evidence 
of both SUI and detrusor overactivity (DOA) to make a diag-
nosis of MUI. During UDS, it is important to identify cough-
induced DOA as this can be confused with MUI [17].

Ultrasound scan (transperineal/translabial)

Ultrasound evaluation is not standard practice in every setting, 
but is the source of ongoing clinical evaluation. Transperineal/
translabial ultrasound [18] in women with stress-predominant 
MUI provides information regarding dynamic posterior ure-
thral angle, dynamic angle of urethral inclination, descent of 
the bladder neck and dynamic pubourethral distance. In a study 
of women with MUI, those with urge-predominant MUI had 
a greater detrusor thickness; and those with equal stress and 
urge had a greater descent of the bladder neck (p < 0.05). In 
this study UDS and ultrasound parameters differed significantly 
between the stress-predominant and urge-predominant groups 
(p < 0.05) suggesting that these might be distinct entities. For 
example, the dynamic angle of urethral inclination, descent of 
the bladder neck and dynamic pubourethral distance correlated 
inversely with detrusor pressure at maximal flow and functional 
urethral length, whereas detrusor wall thickness correlated posi-
tively with detrusor pressure at maximal flow and functional 
urethral length. Comparing transperineal ultrasound with UDS, 
ultrasound was tolerated better [18].

Treatments

Conservative treatment of MUI

For this manuscript, we define conservative treatment as non-
pharmacological and non-surgical approaches, which are gen-
erally considered first-line treatment options. Counselling/

cognitive therapy, lifestyle modifications, scheduled voiding, 
pelvic floor muscle training (PFMT), mobile health apps, elec-
troacupuncture (EA) and urgency suppression techniques are all 
examples of preliminary therapies designed to improve bladder 
control while promoting a healthy lifestyle. Conservative treat-
ment has varied levels of evidence, but is recommended as a 
first-line therapy owing to its high safety profile with limited 
risks [19–21].

Counselling/cognitive therapy

Cognitive behavioural therapy (CBT) is based on the con-
cept that thoughts, feelings, physical sensations and actions 
are interconnected and works by changing the way in which 
patients think and behave. In a systematic review assessing 
the impact of CBT, there was a high level of evidence for the 
effectiveness of CBT on symptom severity and a moderate 
level of evidence for the effectiveness of CBT on quality of 
life, psychological symptoms and patient satisfaction. How-
ever, there is no robust evidence favouring an impact of CBT 
on the clinical signs of incontinence [22].

Lifestyle modifications

1.	 Fluid consumption/restriction: usually recommended 
together with scheduled voiding

2.	 Dietary modification: high-fiber foods recommended to 
avoid constipation

3.	 Elimination diet: for urinary urgency incontinence to 
reduce bladder irritants

4.	 Physical activity: physical exercises suggested to 
improve muscle volume and blood flow into the pelvis

A 2015 Cochrane review that included 11 studies with 
5,974 predominantly female participants provided low-
level evidence for the effect of commonly suggested life-
style alterations on all types of urinary incontinence such as 
weight loss, fluid intake and caffeine reduction. The authors 
reported that no eligible trials were identified that investi-
gated the effects of smoking cessation, reduction of alcohol 
intake, avoidance of straining and constipation, and level of 
physical activity on urinary incontinence [23].

However, based on systematic reviews and meta-analysis, 
non-surgical weight loss intervention was reported as a criti-
cal part of UI treatment as it improves symptoms of urinary 
incontinence frequency and urgency in overweight women 
[24]. Hence, lifestyle interventions as initial therapy for MUI 
can be recommended on an individualised basis.

Scheduled voiding regimes

1.	 Bladder training
2.	 Timed voiding
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3.	 Habit voiding
4.	 Prompted voiding

Bladder training is often used in conjunction with other 
lifestyle modifications, to correct habitual frequent urination 
by gradually increasing intervals between voids. Urgency 
suppression techniques facilitate the ability to cope with 
delayed voiding. Techniques include distraction, relaxation, 
deep breathing, perineal pressure, toe curling, plantar flexion 
of the foot and pelvic floor muscle contraction [19]. Blad-
der training lasting for at least 6 weeks with other lifestyle 
interventions, such as caffeine reduction, weight loss and 
modified fluid intake, is recommended as initial therapy for 
all women with MUI, with strong supporting evidence [20, 
21]. Moderate- to high-level evidence supports that bladder 
training cures or improves UUI symptoms in more women 
compared with no intervention and combining it with PFMT 
results in more improvement or cure than bladder train-
ing alone in women with all types of urinary incontinence 
including MUI [25].

Pelvic floor muscle training and adjunctive 
therapies

Pelvic floor muscle training is the most widely recommended 
first-line treatment for all types of UI in women. Adjunctive 
or secondary therapies such as biofeedback-assisted PFMT 
and neuromuscular electrical stimulation have been shown 
to be superior to PFMT alone. Recently, a Cochrane sys-
tematic review focusing on conservative interventions for 
women with all types of UI, analysed 29 systematic reviews 
that included 112 trials with 8,975 women [25]. This study 
provided moderate- to high-level evidence derived from 13 
of the systematic reviews that PFMT, electrical stimulation, 
weight loss, and vaginal cones improved chance of cure 
or improvement of all types of UI compared with control. 
High-level evidence derived from this study supported the 
widespread recommendations that conservative treatment 
plans should prioritise PFMT for women with all types of 
UI, including MUI. Moreover, intense and frequent PFMT 
with supervision and combined with lifestyle modifica-
tions were more effective in terms of reduced incontinence 
episodes and improved quality-of-life measures. Electrical 
stimulation was reported to be more effective in women with 
UUI than in inactive intervention and likewise cones were 
found to be more beneficial than no intervention for women 
with SUI regarding symptomatic relief with a moderate level 
of evidence [25].

Mobile health applications (mHealth app)

Use of mHealth apps among women who need PFMT pro-
vides not only time-saving and cost benefits but was also 

found to be helpful for long-term treatment adherence that 
is essential for treatment success. In a systematic review of 6 
RCTs comparing the use of an mHealth app-based approach 
vs PFMT alone in women with SUI or stress-predominant 
MUI, women treated using the mHealth app had better 
improvement in terms of symptom severity and exercise 
adherence [26]. However, it is noteworthy to emphasise that 
all available mobile health technologies for the management 
of UI may not provide high scores in terms of credibility, 
user interface, experience and engagement [27].

Urgency suppression techniques

The Knack tutorial is a self-administered, vignette-based 
instructional programme on pre-empting bladder chal-
lenges in daily life (urgency, stress-leakage, or urge leak-
age) through anticipatory, well-timed pelvic floor muscle 
contraction at the moment of challenge. In a randomised 
controlled trial [28] of 108 women with stress or MUI, 
64 women were randomised to a Knack tutorial group 
with a 15-min slide show, with 10 vignettes portraying 
the use of the Knack in daily life, and 59 women were 
randomised to a diet/exercise tutorial group. Self-per-
ceived improvement was reported in 71% of women in 
the Knack tutorial group and 25% in the diet/exercise 
group, 1 month after viewing the tutorial (p < 0.001). An 
electronic version of this tutorial is now available to help 
women with MUI to overcome the daily life challenges 
associated with urgency and UUI and may become more 
effective if incorporated into eHealth apps (http://​www.​
mycon​fiden​tblad​der.​com).

Pharmacological treatment

A systematic review of the non-surgical treatment 
options for women with urinary incontinence was pub-
lished in 2019 [29]. That review identified 84 studies, 
of which only 4 reported specifically on the treatment 
of MUI. Because of the lack of direct comparisons for 
the treatment of MUI, a network meta-analysis was per-
formed to directly and indirectly compare interventions. 
As the search for that systematic review was completed 
in 2018, we updated a search specific to pharmacological 
therapy to capture any additional studies published after 
that. Twelve new studies were identified [30–41]. We 
include the outcomes reported in that systematic review 
coupled with a narrative report of the information from 
the 12 newer studies; we did not update that systematic 
review or perform an updated network meta-analysis with 
all studies.

Pharmacological options for the treatment of MUI are 
as follows:

http://www.myconfidentbladder.com
http://www.myconfidentbladder.com


295International Urogynecology Journal (2024) 35:291–301	

1.	 Antimuscarinics/anticholinergics
2.	 Alpha-agonists
3.	 Beta-agonists
4.	 Oestrogens
5.	 Tricyclic antidepressants (combined alpha-agonists and 

anticholinergic)

Antimuscarinics/anticholinergics

Antimuscarinic and anticholinergic medications block blad-
der receptors, resulting in decreased bladder overactivity and 
therefore may improve symptoms of UUI. Many medications 
in this category have been developed, such as darifenacin, 
fesoterodine, flavoxate, oxybutynin, phenylpropanolamine, 
pilocarpine, propantheline, propiverine, solifenacin, toltero-
dine and trospium [29]. These medications have been shown 
to be effective for both cure (OR 1.95) and improvement 
(OR 2.95) of UUI symptoms versus no treatment (OR 1.95) 
[29].

Three studies evaluated medications for the treatment of MUI 
[34, 35, 41]. A study from Hong Kong in which women were 
treated with antimuscarinic medication demonstrated that 58 
out of 87 women (29.3%) showed subjective improvement in 
both SUI and UUI symptoms [41]. Women with UUI-predom-
inant MUI symptoms also demonstrated improvement (77.6% 
vs 22.4%, p = 0.001). A study from Japan demonstrated that 
propiverine hydrochloride resulted in decreased rates of both 
UUI and SUI of 63.9% and 44.3% respectively [34]. Propiverine 
appears to provide effective therapeutic benefit for patients with 
MUI, although the efficacy appeared greater for the UUI than 
for the SUI component.

A prospective, single-blind randomised controlled study 
on 60 women with MUI that received either mace powder 
(plant extract with anticholinergic properties) versus pla-
cebo, reported cure rates of 90% for the mace group versus 
16.66% for the control group (p < 0.001) with no side effects 
[35].

A multicentre randomised controlled trial was conducted 
in China comparing solifenacin with EA for women with 
MUI [32]. The reduction in incontinence episodes at 12 
weeks was comparable between groups, 38% in the EA 
group, and 37% in the solifenacin group (p < 0.001 for 
non-inferiority).

Alpha‑agonists

Serotonin and norepinephrine reuptake inhibitors (SNRI) 
are thought to have an alpha agonist effect on the bladder 
and urethra, and may thereby improve symptoms of MUI. 
The reflexes of continence and micturition are modulated by 
serotonin, which increases urethral closure and simultane-
ously reduces the micturition reflex [42].

Alpha agonists such as duloxetine, and midodrine were 
found to be more effective than no treatment for improve-
ment of MUI (OR 2.16) [29]. Compared with hormone ther-
apy, alpha agonists were found to be much more effective for 
improvement of MUI (OR 4.09).

Duloxetine, a SNRI, is an approved treatment for SUI. A 
placebo-controlled double-blind study of women with MUI 
showed a significant reduction in UUI and SUI episodes com-
paring duloxetine and placebo. The best results were seen in 
patients with stress-predominant symptoms [42, 43]. Women 
with MUI treated with 40 mg of duloxetine daily were found to 
have a 62% reduction of incontinence episodes [42]. However, 
duloxetine has been associated with adverse events such as nau-
sea, emotional alterations, violence, depression, suicidal ideation 
and attempted suicide [44]. So, the benefits of these medications 
need to be balanced against the risks.

Litoxetine is a selective and specific SNRI and multifunc-
tional serotonin agonist-antagonist that has demonstrated 
increased bladder capacity and urethral sphincter pressure, 
in non-clinical studies [31].

A recent paper described two randomised controlled stud-
ies that were conducted to evaluate the effect of litoxetine 
compared with placebo in patients with MUI. The first study 
did not meet the primary efficacy endpoint. The second 
study showed no difference in frequency of adverse effects, 
and litoxetine reduced the number of incontinence episodes. 
Based on these results, litoxetine may be a safer and more 
tolerable treatment for MUI than duloxetine [30].

Beta‑agonists

β3-adrenoceptor agonist medications work by interfering 
with bladder neuroreceptors, resulting in decreased bladder 
overactivity. These have been studied in women but were 
not included in the 2018 systematic review, as studies were 
mixed gender and did not have a high enough percentage of 
women to be included in that review [29].

Our updated search identified one post hoc analysis of 
two RCTs conducted in Japan, including 261 women with 
MUI treated with 50 mg of mirabegron versus placebo. This 
analysis demonstrated improvement in incontinence epi-
sodes (p < 0.001), voided volume (p = 0.005), and nocturia 
episodes (p = 0.03) [38]. A systematic review on the efficacy 
of vibegron (β3-adrenoceptor agonist) included 3 RCTs and 
demonstrated improved urinary frequency, urgency and UUI 
episodes (p < 0.0001) [37].

Oestrogens

Compared with no treatment, hormone therapy, including 
topical oestrogen and raloxifene, was found to be effective 
treatment for MUI (OR 2.89) [29].
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There is no consensus on the action of vaginal or systemic 
oestrogens in the treatment of urge or stress incontinence 
[45]. Moreover, there is a lack of evidence regarding dos-
ing, time of use, or oestrogen types used for the treatment 
of UI [46].

A Cochrane review suggests topical vaginal oestrogen 
may improve urinary incontinence, while systemic oestro-
gen worsened incontinence symptoms (risk ratio (RR) 1.32, 
95% CI 1.17 to 1.48) [47]. The same result was observed 
in another study, with 1-year follow-up, in which there was 
worsening incontinence (RR 1.11, 95% CI 1.04 to 1.18) [48]. 
Therefore, it seems that systemic oestrogen (oral or transder-
mal) may increase the risk of UI [49].

In the comparison of hormonal therapy and surgery, 
one study assessed the effectiveness of ospemifene in the 
improvement of the urgency component in women with MUI 
who underwent surgery with a midurethral sling (MUS). 
They concluded that ospemifene improved urgency symp-
toms and quality of life after surgery in women with MUI 
[36].

In conclusion, topical hormonal therapy seems to 
improve symptoms of MUI and may be a treatment option 
for selected patients.

Tricyclic antidepressants

Imipramine is a tricyclic antidepressant drug with dual drug 
class effects with both antimuscarinic and alpha agonist 
properties [50].

To our knowledge, there are no randomised controlled trials 
studying the effects of imipramine in women with MUI. Some 
open-label studies have shown some beneficial effects in SUI 
[51]. However comparative studies suggest variable success 
rates for MUI, with minimal improvement in SUI, and some 
studies showing no improvement in UUI whereas others show 
improvement rates of UUI ranging from 44 to 90% [52, 53].

Side effects of imipramine can limit the use of this drug, 
especially the possibility of arrhythmias. It should not be 
prescribed to patients with psychiatric disorders, patients 
who use monoaminoxidase inhibitors, or those at an 
increased risk of arrhythmias [54].

Surgical management of MUI

Surgical options for the treatment of MUI include interven-
tions aimed at either SUI or UUI. Options for SUI include 
MUS (retropubic, transobturator, or single incision), Burch 
colposuspension, pubovaginal slings and urethral bulking 
agents. Procedures for UUI include intradetrusor onabotuli-
num toxin A, acupuncture, EA, or sacral neuromodulation.

There are no international published guidelines that dic-
tate whether it is better to start with surgical management to 
address the SUI or UUI component of MUI although the usual 

recommendation is to start with less invasive therapies when 
managing MUI, as this has the potential to avoid surgery alto-
gether [55]. Within treatment regimens, surgical success is 
largely dependent on the degree of pre-existing UUI symptoms, 
as overall improvement in MUI is dependent on improvement 
in UUI symptoms [2, 56–59]. Studies have shown that initial 
improvements in UUI may decline with time [60, 61].

Midurethral slings

Since Ulmsten et al. introduced the idea of a retropubic 
sling in 1996, both retropubic and transobturator slings have 
proven to be gold-standard MUS treatments for SUI [62] 
although studies suggest a slight benefit of the retropubic 
sling [63].

Long-term data have supported the durability of MUS for 
MUI, revealing a significantly improved quality of life in 85.3% 
of patients [64]. Risk factors for persistent UUI postoperatively 
include age greater than 60 and post-menopausal status [63]. 
Single-incision slings are effective for the treatment of SUI but 
have not shown to be as effective for MUI. In one particular 
study following patients 2 years post-operatively, the subjective 
cure rate was significantly lower in the single-incision sling arm 
than in the MUS arm (55.3% vs 84.0% respectively; RR = 0.66; 
95% CI, 0.54–0.80]; p < 0.001). The proportion of retreated 
patients for SUI/MUI was significantly higher in the single-inci-
sion arm than in the MUS arm (34.9% vs 11.3% for the MUS 
arm; p < 0.001) [65].

Persistent urinary urgency after MUS treatment is preva-
lent and ranges from 30 to 70% [66, 67]. Overall success 
rates following MUI in patients with MUI are lower than in 
those with pure SUI [68]. MUS in combination with pelvic 
floor muscle therapy can improve MUI symptoms [69].

In a secondary analysis of data from three multi-centre 
surgical trials of women with stress-predominant MUI 
assigned to Burch colposuspension, autologous fascial pub-
ovaginal sling, retropubic MUS, or transobturator MUS, sig-
nificant improvements in irritative/storage symptoms were 
reported by all surgical groups 1 year after surgery [61].

Burch colposuspension

Mixed urinary incontinence treated by Burch colposuspen-
sion seems to result in improved SUI and UUI symptoms 
based on secondary analysis from multicentre studies [61, 
70]. Open and laparoscopic colposuspension have been 
shown to be equally effective surgical treatments for SUI 
in the short term [71], with cure rates reported as 85–90% 
at 1 year decreasing to 70% at 5 years. Laparoscopic colpo-
suspension seems to have similar subjective outcomes to 
retropubic MUS in the management of MUI based on the 
limited evidence available [56].
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Autologous fascial pubovaginal sling

The autologous fascial pubovaginal sling (AFPS) is an effec-
tive and durable treatment for SUI, both as a primary proce-
dure and a secondary surgery for those who failed other anti-
incontinence surgeries. The AFPS appears to be as effective 
as MUS for the treatment of SUI in the short term [72]. In 
a retrospective observational study, women with MUI dem-
onstrated comparable improvement to women with isolated 
SUI suggesting AFPS can be a treatment for MUI [73]. This 
study demonstrated that persistent episodes of urgency and 
urgency incontinence noted on the preoperative voiding 
diary correlated directly with surgical failure, while void-
ing frequently was associated with cure [73].

Urethral bulking agents

Periurethral bulking agents can be used to improve urethral 
coaptation by adding a mass effect to the urethra, thereby 
decreasing UI. This is a relatively quick, minimally inva-
sive procedure that can be done in an office setting or in the 
operating room. Although the cure rate of urethral injection 
therapy is lower than for synthetic MUS, it is an attractive 
option, particularly for women that are not candidates for 
more invasive surgical intervention [74, 75]. Previously 
used bulking agents included autologous fat, carbonated 
beads, collagen, dextranomer hyaluronate, polydimethylsi-
loxane and porcine collagen. Periurethal bulking agents were 
included in a systematic review and network meta-analysis 
of non-surgical treatments for UI. Indirect evidence found 
no improvement in periurethral bulking agents over no treat-
ment (low strength of evidence) and they were less likely to 
result in cure than behavioural therapy (OR 0.23, 95% CI 
0.06–0.98). In addition, serious adverse events were noted 
with periurethral bulking agents, with an erosion rate and a 
need for surgical removal of the injectant in 4.7% based on 
data from 362 women in 3 studies [76].

Polyacrylamide hydrogel (PAHG) has been available in 
Europe for the past decade and was approved for use by the 
FDA in the USA in 2020. A study from Denmark to assess 
the cure rate of PAHG for MUI when it was first introduced 
revealed a 2-year subjective cure rate of only 29.8–36.1% 
[77]. A subsequent 7-year follow-up study has demonstrated 
cure rates of 67.1% [78]. Cure rates were worse for those 
with strong urinary urgency symptoms [77, 79].

Other procedures

Onabotulinum toxin A

Intradetrusor onabotulinum toxin A (Botox; Allergan/
Dysport, Ipsen) has been used primarily to target urinary 
urgency, frequency and urgency incontinence symptoms. 

One unit of Botox is equivalent to approximately 3–5 units 
of Dysport; therefore, a typical dosing of 100–200 units of 
Botox corresponds to 300–500 units of Dysport [80].

Studies involving onabotulinum toxin A treatment for MUI 
only involve combination therapies. A recent randomised con-
trolled trial [81]: evaluated whether retropubic MUS combined 
with onabotulinum toxin A was more effective than sling alone 
in improving MUI symptoms. The outcomes showed that 
women with MUI undergoing sling application reported sig-
nificant improvement in overall incontinence symptoms, regard-
less of the addition of onabotulinum toxin A injections (83% 
vs 84%). However, those receiving concurrent onabotulinum 
toxin A injections reported less urgency severity and greater 
improvement in urgency symptoms at 3 months. Other short-
term studies have shown similar results by combining MUS with 
onabotulinum toxin A (100 IU) [80, 82].

One study indicated that the combination of onabotuli-
num toxin A and PAHG therapy may be an effective treat-
ment for MUI in the elderly and frail population. At 12 
months, objective and subjective cure rates were 50% and 
40% respectively. In addition, patients benefited from a short 
surgical procedure without the need for general anaesthesia 
or discontinuation of anticoagulation [40].

Vaginal laser therapy

Erbium-doped yttrium aluminum garnet (YAG) laser ther-
apy has been studied for the potential improvement of UI. 
Recent literature has shown that YAG laser therapy does not 
improve MUI symptoms [83, 84].

Electroacupuncture

In a secondary analysis of a non-inferiority trial compar-
ing the safety and effectiveness of 12 weeks of EA with 36 
weeks of PFMT plus solifenacin in 79 women with balanced 
MUI, the authors reported that EA was non-inferior to com-
bined therapy as regards both symptom relief and increased 
quality of life. EA, however, demonstrated better safety [85]. 
An ongoing three-armed RCT investigating the effect of EA 
versus Sham (superficial needle insertion and no manipula-
tion) versus no intervention for stress-predominant MUI may 
provide more data regarding the effectiveness of EA in the 
management of MUI [86].

The additive effect of PFMT when combined with other 
active therapies in the treatment of women with SUI, UUI and 
MUI was investigated in a Cochrane review that included 13 
trials comparing 585 women undergoing PFMT plus another 
intervention and 579 women on another active treatment alone. 
Other active treatments include physical therapies (e.g. vaginal 
cones); lifestyle modifications; scheduled voiding (bladder train-
ing); electrical or magnetic stimulation; mechanical devices (e.g. 
continence pessaries); drug therapies (e.g. anticholinergics and 
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duloxetine); and surgical interventions including sling proce-
dures and colposuspension. Owing to a lack of evidence of a 
benefit, the additional effect of PFMT in treating SUI, UUI and 
MUI [69, 87] remains inconclusive. Further studies are needed 
to comment reliably on the beneficial effect of combined thera-
pies for the treatment of MUI.

Sacral neuromodulation

A recent systematic review by Balk et al. found evidence that 
neuromodulation, which is typically used for the treatment 
of UUI, was more effective (OR 3.34, 95% CI 2.12–5.26) 
than no treatment for women with UI (high strength of evi-
dence), which suggests that neuromodulation, which is effec-
tive for UUI, could be as effective for MUI [29]. The effect 
on the SUI component has been poorly studied.

Specifically, neuromodulation and onabotulinum toxin A 
were more effective than no treatment for MUI and onabotu-
linum toxin A may be more effective than neuromodulation 
(low level of evidence [OR 1.69; 95% CI 0.80–3.62]).

Posterior tibial nerve stimulation

Studies evaluating the benefits of posterior tibial nerve stim-
ulation (PTNS) are in combination with MUS. According to 
a retrospective analysis of women affected by MUI with a 
predominant SUI component, MUS combined with PTNS 
versus MUS alone was more effective in treating MUI symp-
toms at a 3-month follow-up. The evidence is very limited 
and represents only a short-term follow-up [88].

Acupuncture

Previous studies showed some effects of acupuncture for 
MUI. In a recent systematic review utilising ten major 
databases, three randomised studies with 591 women were 
included. Acupuncture shows some benefit for women with 
MUI. The effect of EA on the reduction of numbers of 
incontinence, urgency and nocturia episodes was significant 
relative to the effect of tolterodine or solifenacin alone. More 
evidence is required to draw a solid conclusion of effective-
ness and safety of acupuncture for women with MUI [89].

Future research

There remain multiple unanswered questions in relation to the 
diagnosis and treatment of MUI. Research into the clinical 
utility of establishing the individual components and which to 
treat first, as well as methodology for patient goal setting and 
attainment is urgently needed. The evidence for many of the 
surgical/procedural treatment options for MUI is relatively poor 
and needs to be explored in more detail. The role of epigenetics 

and urinary microbiome in causation is poorly understood and 
needs further investigation. Further research into the natural 
progression, transition, prevention and risk factors for urgency 
incontinence may allow targeted treatment strategies to be 
implemented.

Conclusion

•	 Mixed urinary incontinence is a complex problem and 
successful management requires alleviation of both the 
stress and urge components. Care needs to be individu-
alised to patient preferences.

•	 The diagnosis is based on symptom assessment through a 
detailed history assisted by bladder diaries and examina-
tion. Investigations such as UDS are usually reserved for 
patients with refractory symptoms or those who choose 
invasive treatment. There is some evidence to support the 
use of ultrasound for non-invasive assessment.

•	 Conservative treatments are the recommended pre-
liminary treatment owing to their high safety profile. 
Counselling/cognitive therapy, lifestyle modifications, 
scheduled voiding, PFMT, mobile health apps, EA and 
urgency suppression techniques are all recommended as 
first-line treatments to improve bladder control while pro-
moting a healthy lifestyle.

•	 Pharmacological treatments are the usual treatment 
following failed conservative therapy and include anti-
muscarinics/anticholinergics, beta-agonists, topical oes-
trogens (in postmenopausal women), alpha-agonists, 
tricyclic antidepressants (combined alpha-agonist and 
anticholinergic), and botulinum toxin A.

•	 Surgical/procedural options for the treatment of MUI include 
interventions aimed at either SUI or UUI. Options for SUI 
include MUS (retropubic, transobturator or single incision), 
Burch colposuspension, pubovaginal slings and urethral 
bulking agents. Procedures for UUI include intradetru-
sor onabotulinum toxin A, vaginal laser, acupuncture, EA, 
PTNS, or sacral neuromodulation.

•	 As there is a risk of iatrogenic UUI post-SUI surgical 
procedures, usual practice would be to treat the UUI and 
achieve better control of the urgency symptoms prior to 
surgical treatment for the SUI component.

•	 Before commencing treatment, it is important to explore 
patients’ goals and goal attainment, as this may provide 
useful information to guide treatment-related decisions.

•	 Further research into several aspects of MUI is required, 
including the clinical utility of establishing the individual 
components and which to treat first, as well as methodol-
ogy for patient goal setting and attainment. The evidence 
for many of the surgical/procedural treatment options for 
MUI is relatively poor and needs to be explored in more 
detail.
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