Saudi J. Med. Pub. Health Vol. 2, No. 2, pp 1541-1565 (2025)

Saudi Journal of Medicine and Public Health

https://saudijmph.com/index.php/pub
https://doi.org/10.64483/202522305

Mixed Urinary Incontinence: Contemporary Perspectives on Pathophysiology,
Diagnosis, and Evidence-Based Management for Nursing

Asma Ahmed Shrahli® , Abdullah Salem Abdullah Alammar @, May Ali Ahmed Alassadah
Assir @ Meshael  Alwrad  Alrwuili @, Turki  Ali Mohammed  Alhuzaim © , Fatimah  Saad
Alotaibi ® , Reem Mohammad Alhumaidan ), Abdullah Nasser Alqumayzi ® , Asia Omar Mohammed
Abdullah ® , Talal Houmod Ali Almutairi **

(1) Abu Arish North Health Center, Ministry of Health, Saudi Arabia,

(2) Abu arish General Hospital, Jazan Health Cluster, Ministry of Health, Saudi Arabia,
(3) Muhail General Hospital, Ministry of Health, Saudi Arabia,

(4) King Salman Hospital — Riyadh, Ministry of Health, Saudi Arabia,

(5) Dasman Health Center — Al Quwayiyah, Ministry of Health, Saudi Arabia,

(6) General Directorate of Nursing, Ministry of Health, Saudi Arabia,

(7) Ministry Of Health, Saudi Arabia,

(8) Al-Quwai'iyah General Hospital — Riyadh Region, Ministry of Health, Saudi Arabia,
(9) Ministry of Interior — Security Forces Hospital, Riyadh, Saudi Arabia,

(10) Vethilan General Hospital , Ministry of Health, Saudi Arabia

Abstract

Background: Mixed urinary incontinence (MUI), the co-occurrence of stress and urge incontinence, is a prevalent and
burdensome condition, especially among older women. It significantly impairs quality of life, increases fall risk, and
contributes to social isolation. The pathophysiology involves a complex interplay of pelvic floor weakness (causing stress
leakage) and detrusor overactivity (causing urgency).

Aim: This review aims to provide contemporary nursing and clinical perspectives on the pathophysiology, diagnostic
evaluation, and evidence-based management of MUI, emphasizing a stepwise, patient-centered approach.

Methods: A comprehensive synthesis of current literature and guidelines from major urological and gynecological societies is
presented. The review covers epidemiology, risk factors, and the diagnostic pathway, including history, physical exam,
bladder diaries, cough stress test, and selective use of urodynamics. Both non-surgical and surgical management strategies are
detailed.

Results: Evaluation begins with a detailed history, physical exam, urinalysis, and post-void residual measurement. First-line
management is conservative, including bladder training, pelvic floor muscle therapy (e.g., the Knack technique), lifestyle
modifications, and pharmacotherapy (e.g., antimuscarinics, mirabegron) for the urge component. For predominant stress
incontinence refractory to conservative care, mid-urethral sling surgery is the standard, though pessaries, bulking agents, and
adjustable devices are alternatives. Specialist referral is indicated for complex cases, surgical planning, or treatment failure.
Conclusion: Effective MUI management requires accurate diagnosis of the dominant component and a multimodal treatment
plan initiated with conservative strategies. Successful outcomes depend on interprofessional collaboration, realistic patient
expectations, and individualized care.

Keywords: Mixed urinary incontinence, Pelvic floor muscle training, Bladder training, Mid-urethral sling, Antimuscarinics,
Urodynamics.

Introduction

Urinary incontinence is defined as the
involuntary loss of urine and encompasses a spectrum
of symptom severity, from occasional minor leakage
to continuous and socially disabling wetness.
Regardless of degree, it frequently exerts a profound
negative influence on physical comfort, psychosocial
well-being, and overall quality of life. Recognizing
the need for standardized terminology and
classification, the International Urogynecological

Association (IUGA), the International Continence
Society (ICS), and the American Urological
Association (AUA) have jointly delineated urinary
incontinence into three primary categories, thereby
providing a common framework for clinical
assessment, research, and treatment planning.[1][2]
(See StatPearls’ companion reference, “Urinary
Incontinence,” for further background on the general
condition.[2] Stress urinary incontinence refers to
involuntary urine leakage that occurs in association
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with activities or events that acutely increase
intraabdominal pressure, such as coughing, sneezing,
laughing, jumping, lifting, straining, or exercising, in
the absence of a concurrent detrusor contraction.[3]
By contrast, wurge wurinary incontinence is
characterized by involuntary urine loss preceded or
accompanied by a sudden, compelling desire to void
that is difficult or impossible to defer, typically
reflecting detrusor overactivity.[4] More detailed
discussions of these individual entities are provided
in the StatPearls companion chapters “Urge
Incontinence” and “Stress Incontinence.”[4][3]
Mixed urinary incontinence (MUI) is diagnosed
when features of both stress and urge incontinence
coexist in the same patient, often with overlapping
symptomatology and pathophysiological
mechanisms.[2][5] This dual nature of MUI
complicates evaluation and management, as patients
may exhibit varying dominance of stress or urge
components over time. Epidemiologically, MUI is
especially common among older women. In those
over 65 years of age, mixed symptoms are reported in
more than 37% of patients, making it one of the most
prevalent forms of urinary incontinence in this
demographic.[6][7][8] The condition frequently
necessitates substantive lifestyle modifications, as
individuals often adapt their daily routines, fluid
intake, social activities, and occupational engagement
to anticipate and manage episodes of leakage. The
cumulative burden of these adjustments underscores
the substantial impact MUI has on both physical and
psychosocial domains.

Although wurinary incontinence is not
inherently life-threatening, accumulating evidence
suggests that it may be associated with increased
mortality in certain populations. A meta-analysis of
six studies encompassing 1,656 individuals
demonstrated that urinary incontinence was
associated with a roughly 20% increase in mortality
among nursing home residents, highlighting the
condition as an important marker of frailty and
overall health vulnerability in institutionalized older
adults.[9] More commonly, however, the primary
consequences of MUI are its wide-ranging effects on
morbidity and quality of life. Chronic moisture and
maceration of the skin can predispose to
dermatologic and mucosal complications, including
perineal and vaginal infections, -cellulitis, and
candidal overgrowth.[10][11] Additionally, the need
for frequent and urgent trips to the bathroom,
especially at night, significantly increases the risk of
falls and fractures, particularly in older individuals
who may already have impaired mobility or
balance.[10][11] In postmenopausal women, the
incidence of falls has been shown to be
approximately doubled in those with urinary urgency
and urge incontinence compared with age-matched
peers without these urinary symptoms, emphasizing
the functional and safety implications of the
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condition.[11][12] Beyond physical complications,
the  psychosocial repercussions of  urinary
incontinence, including MUI, are profound and well
documented. Affected individuals often experience
embarrassment, shame, and a pervasive fear of
visible leakage or odor, leading to reduced social
participation and, in many cases, progressive
isolation.[13][14][15][16][17] These experiences can
contribute to clinically significant anxiety and
depressive symptoms, diminished work productivity,
sleep disruption due to nocturia, and a persistent
sense of loss of control and diminished self-
esteem.[13][14][15][16][17] Sexual function is also
frequently compromised; up to one-third of
incontinent patients report coital incontinence—urine
leakage during sexual activity—which can markedly
reduce sexual satisfaction and lead to avoidance of
intimacy.[18][19][20][21][22][23] The anticipatory
anxiety surrounding potential leakage during
intercourse often has a deleterious effect not only on
sexual enjoyment but also on intimate relationships
and overall relationship quality. The effects of MUI
extend beyond the individual patient to caregivers
and healthcare systems. Family members and
professional caregivers may face increased burdens
related to toileting assistance, hygiene management,
laundry, and emotional support, particularly when
incontinence is severe or associated with cognitive
impairment.[24][25][26] Institutional care settings
are similarly impacted; in the United States, it is
estimated that up to 10% of nursing home admissions
are attributable solely to wurinary incontinence,
reflecting both the functional impairment it produces
and the difficulty families may have in managing the
condition at home.[27] Such figures underscore the
broader societal and economic implications of MUI.
Accurate  characterization of  urinary
incontinence type is essential for effective
management. In many cases, a carefully obtained
clinical history is sufficient to distinguish between
stress, urge, and mixed patterns, especially when
patients are encouraged to describe the circumstances
surrounding leakage episodes in
detail.[28][29][30][31][32][33] Nonetheless,
noninvasive diagnostic evaluations are strongly
recommended to corroborate and refine the clinical
impression, exclude reversible or contributory
factors, and guide targeted therapy. These include
urinalysis to detect infection, hematuria, or
glycosuria; measurement of postvoid residual urine
volume to identify significant urinary retention; and a
focused pelvic examination in women to assess for
pelvic organ prolapse, atrophic changes, or other
structural abnormalities.[28][29][30][31][32][33] In
selected patients, additional assessments such as
bladder diaries, pad tests, or urodynamic studies may
further delineate symptom patterns and underlying
dysfunction. Management of MUI and other forms of
urinary incontinence has evolved substantially, with a
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broad spectrum of behavioral, pharmacologic, and
surgical options now available to ameliorate
symptoms and improve quality of life.[1][34]
Treatment typically begins with conservative,
noninvasive measures that address modifiable risk
factors and reinforce pelvic floor function. These
first-line strategies include lifestyle modifications
(such as weight optimization and fluid and caffeine
management), pelvic floor muscle training (Kegel
exercises), topical vaginal estrogen therapy in
appropriate women, structured physical therapy, and
oral pharmacologic agents aimed primarily at the
urge component of incontinence.[35][36] The choice
and sequence of these interventions are
individualized based on the relative prominence of
stress and urge symptoms, comorbidities, patient
preferences, and therapeutic response. When
conservative measures fail to provide adequate relief
or are insufficient to meet the patient’s functional
goals, more invasive options—including advanced
neuromodulation techniques, bulking agents, and
various surgical procedures—may be
considered.[1][34][35][36] In all cases, a patient-
centered, shared decision-making approach is
essential, given the intimate nature of symptoms, the
diversity of treatment options, and the need to
balance efficacy with potential risks and lifestyle
implications.

Types of Incontinence
(Incontinentia vesicae)

Stress { Urge i Overflow

9!
due to increased Incontinence

due to involuntary
abdominal pressure contraction of the due to disturbed
under stress (weak pelvic bladder muscles function of the nervous

floor muscles) system

due to blockage
of the urethra

Fig. 1: Types of Urinary Incontinence.

Etiology

Mixed urinary incontinence (MUI) arises
from a complex interaction of anatomic,
neuromuscular, and functional factors that together
disrupt normal lower urinary tract function. One of
the most important contributors in women is
advanced pelvic organ prolapse. A strong association
between MUI and higher grades of pelvic organ
prolapse has been demonstrated by studies showing
that restoration of normal pelvic anatomy through
vaginal reconstructive surgery results in resolution of
urinary incontinence in more than half of women who
present with concomitant MUIL.[6] This observation
underscores the central role of structural support in
maintaining continence and highlights how prolapse-
related distortion of pelvic anatomy can precipitate
both stress and urge components of incontinence.
Pelvic organ prolapse, particularly when severe, may
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cause mechanical obstruction of the bladder outlet.
This obstruction leads to chronic overdistension of
the bladder and subsequent detrusor muscle injury.
Prolonged overfilling and elevated intravesical
pressure can compromise blood flow to the detrusor,
resulting in ischemia and tissue hypoxia.[37] Over
time, these insults can induce neuropathic changes
within the detrusor muscle, including degeneration of
neural elements and remodeling of smooth muscle
architecture. As the bladder wall becomes

overstretched, an important series of
pathophysiologic events occurs: the detrusor
develops an exaggerated response to

neurotransmitters despite a reduction in the number
of functional contracting muscle fibers, and there is
diminished efficiency in the spread of action
potentials across the detrusor syncytium.[38][39][40]
These changes impair coordinated contraction and
lead to a loss of synchronous detrusor activity. The
net result is an unstable, hyperresponsive bladder that
is prone to involuntary contractions, clinically
manifesting as urgency and urge incontinence, which
form one component of MUI.

At the same time, weakness and disruption
of the supportive structures of the urethra and bladder
neck contribute significantly to the stress
incontinence element of MUI. The endopelvic fascia,
levator ani muscles, and associated connective tissues
form a supportive “hammock” that maintains urethral
alignment and appropriate closure pressure during
periods of increased intraabdominal pressure. When
the endopelvic fascia becomes attenuated or
damaged, whether from childbirth trauma, aging,
hormonal changes, or prior pelvic surgery, several
biomechanical consequences ensue. These include
urethral hypermobility, distortion or malposition of
the urethra and bladder neck, diminished urethral
tension and resistance, and loss of optimal bladder
positioning within the pelvis.[6][41] Under these
circumstances, rises in intraabdominal pressure are
no longer effectively countered by an increase in
urethral closing pressure, resulting in involuntary
urine leakage during exertional activities such as
coughing, sneezing, lifting, or exercise. This
mechanism accounts for the stress component of
MUI. Beyond these structural and neuromuscular
factors, urinary incontinence in general—and MUI in
particular—may coexist with or be influenced by a
variety of other genitourinary and systemic
conditions. Genitourinary causes include fistulous
communications between the wurinary tract and
adjacent organs, congenital anomalies, chronic or
recurrent infections, and overflow incontinence.
Overflow incontinence refers to involuntary leakage
due to chronic bladder overdistension, typically
resulting from bladder outlet obstruction or impaired
detrusor contractility. Common etiologies of reduced
contractility include neurogenic conditions such as
spinal cord injury and multiple sclerosis, as well as
long-standing diabetic neuropathy, all of which
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compromise detrusor function and limit effective
emptying.[2] Over time, persistent high postvoid
residual volumes further stretch the bladder and may
aggravate existing detrusor instability.

Nongenitourinary contributors to
incontinence are also clinically relevant and can
modulate the expression of MUI Functional
incontinence, for example, arises when individuals
are unable to reach the toilet in a timely fashion due
to mobility limitations, environmental barriers,
cognitive impairment, or logistical challenges, rather
than primary dysfunction of the lower urinary
tract.[2] Pharmacologic agents, including diuretics,
sedatives, anticholinergics, and alpha-blockers, can
exacerbate urgency, frequency, or sphincter
incompetence, thereby worsening mixed symptoms.
Metabolic disturbances such as poorly controlled
diabetes or hypercalcemia may increase urine output
or irritative voiding symptoms, further complicating
the clinical picture. Thus, the etiology of MUI is
rarely singular. Instead, it typically reflects the
convergence of pelvic support failure, detrusor
overactivity related to obstruction and ischemic
neuropathy, and patient-specific factors such as
neurologic status, comorbid disease, medications, and
functional capacity. Understanding these overlapping
mechanisms is crucial for targeted evaluation and
personalized treatment, as effective management
often requires addressing both the structural and
functional components that underlie mixed urinary
incontinence.[2][6][37][38][39][40][41]
Mixed Urinary Incontinence Risk Factors

Mixed urinary incontinence (MUI) arises
from a constellation of interacting biological,
anatomical, neurological, and lifestyle factors that
collectively disturb the normal mechanisms of
continence. While no single risk factor is solely
responsible for its development, numerous conditions
and exposures have been consistently associated with
an elevated likelihood of experiencing combined
stress and urge urinary symptoms. One of the most
prominent contributors is advanced age. Aging is
accompanied by progressive weakening of pelvic
floor musculature, reduced estrogen levels in women,
diminished bladder capacity, and alterations in
detrusor contractility, all of which predispose the
lower urinary tract to both stress-induced leakage and
urgency-related dysfunction. As age increases, so
does the prevalence of comorbidities that further
compound continence mechanisms. A wide range of
chronic medical conditions has been implicated as
risk enhancers for MUI. Disorders such as diabetes
mellitus, stroke, multiple sclerosis, neuropathies, and
hydrocephalus may directly impair neural control of
the bladder or pelvic floor, thereby contributing to
urge-dominant symptoms or overflow phenomena.
Similarly, psychiatric and cognitive comorbidities,
including depression and cognitive impairment, affect
a patient’s ability to perceive bladder cues and
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respond appropriately, while conditions such as
atrophic vaginitis, recurrent urinary tract infections,
fecal incontinence, and interstitial cystitis contribute
to chronic irritation or inflammation, aggravating
urge incontinence
symptoms.[23][42][43][44][45][46][47] A history of
childhood enuresis may also signify underlying
developmental or neurologic predispositions that
persist into adulthood. Structural or congenital factors
further influence risk. Ectopic ureters, although
uncommon, can lead to continuous leakage that
complicates the diagnosis and management of MUI.
Multiparity, especially following vaginal deliveries,
is strongly associated with pelvic floor weakening,
urethral hypermobility, and ligamentous laxity,
increasing vulnerability to stress incontinence while
also predisposing to detrusor overactivity. Prior
pelvic surgeries, including hysterectomy and
transurethral resection of the prostate, may disrupt the
anatomical or neurologic integrity of the continence
apparatus, leading to mixed symptom presentation.
Pelvic radiation carries similar risks by inducing
fibrosis, reduced compliance, and neurovascular
injury.

Lifestyle and environmental factors also
play an important role. High-impact physical
activities such as running and jumping exert
repetitive stress on the pelvic floor, accelerating
muscle fatigue and increasing the likelihood of stress-
related leakage. Obesity amplifies intraabdominal
pressure chronically, overwhelming urethral support
mechanisms and impairing detrusor stability.
Smoking, through chronic cough, vascular
impairment, and pelvic tissue degradation, further
compounds these risks. Residence in nursing homes
is another notable risk factor, not because of intrinsic
bladder dysfunction alone, but due to mobility
limitations, inadequate toileting access,
polypharmacy, and higher comorbidity burdens
typical of institutionalized populations. Genetic and
familial predispositions have also been recognized. A
family history of urinary incontinence may reflect
inherited tissue characteristics, collagen composition
abnormalities, or patterns of neuromuscular function
that predispose individuals to both stress and urge
components of MUI. Taken together, these risk
factors highlight the multifactorial nature of mixed
urinary incontinence and underscore the importance
of comprehensive patient evaluation to identify
contributing elements and guide personalized
management strategies.[23][42][43][44][45][46][47]
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Mixed Urinary Incontinence: Pathogenesis and clinical findings
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Fig. 2: Mixed Urinary Incontinence pathogenesis and
outcomes.

Epidemiology

The epidemiology of mixed urinary
incontinence (MUI) reflects not only its biological
prevalence but also the profound underreporting that
characterizes urinary symptoms across all age groups.
Because many individuals experience
embarrassment, stigma, or a belief that incontinence
is an unavoidable part of aging or athletic activity, a
substantial proportion of affected patients do not
disclose their symptoms. As a result, the true
prevalence of urinary incontinence is almost certainly
higher than published estimates suggest.[23] Current
data indicate that urinary incontinence affects
between 25% and 45% of all adult women in the
United States, making it one of the most common
chronic health conditions in women.[2] Even among
younger populations, the burden is striking. More
than 25% of teenage and college-aged female athletes
report stress or mixed urinary leakage, yet more than
90% of them do not share this information with their
primary clinicians, illustrating the continued
influence of social barriers and the normalization of
symptoms in competitive settings. In older adults, the
prevalence increases dramatically as age-related
changes in neuromuscular function, hormonal status,
mobility, and comorbid health conditions become
more prominent. Among homebound older
individuals, urinary incontinence affects
approximately 53% of the population.[2] This high
prevalence reflects not only physiologic vulnerability
but also environmental limitations, reduced physical
strength, polypharmacy, and delayed access to
toileting, all of which increase the likelihood of both
urgency-related and functional incontinence. Within
nursing home settings, urinary incontinence is an
even more pervasive issue. Although only about 6%
of nursing home admissions are attributed directly to
incontinence, more than half of residents experience
regular urinary leakage.[48] These figures underscore
how incontinence contributes to institutionalization,
caregiver burden, and diminished quality of life in
geriatric  populations. Urinary incontinence is
significantly more common in women, occurring at
roughly twice the rate observed in men due to
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structural, obstetric, hormonal, and anatomical
factors. Among women with substantial pelvic organ
prolapse, the relationship is particularly strong; more
than 33% of these women are found to have MUI,
highlighting how pelvic support defects frequently
manifest with combined stress and urge
symptoms.[48][49] The economic burden of urinary
incontinence is substantial. In the United States
alone, the annual direct and indirect costs of medical
and surgical treatment exceed $10 billion, reflecting
not only healthcare expenditures but also lost
productivity, caregiving costs, and reduced workforce
participation.[50]

Globally, urinary incontinence represents a
major public health issue, affecting an estimated 423
million individuals aged 20 years and older.[51] This
global prevalence highlights the universal nature of
the condition, transcending geographic,
socioeconomic, and cultural boundaries. Within this
broad spectrum, the distribution of the various types
of chronic urinary incontinence can be delineated.
Functional urinary incontinence, which arises from
mobility or environmental limitations rather than
intrinsic bladder dysfunction, has an uncertain but
clinically significant prevalence. Mixed urinary
incontinence accounts for approximately 20% to 30%
of cases. Overflow incontinence is comparatively less
common, representing about 5% of chronic
incontinence presentations. Stress urinary
incontinence remains predominant in women,
affecting 24% to 45% of females older than 30
years.[52] Urge urinary incontinence demonstrates
marked age- and  sex-related  differences.
Approximately 9% of women aged 40 to 44 years’
experience urge incontinence, but the prevalence
rises substantially with age. Among men older than
75 years, urge incontinence occurs in roughly 42%,
reflecting age-related prostate and neurologic
changes. Women older than 75 years’ experience urge
incontinence at a rate of approximately 31%.[52]
Collectively, these epidemiologic trends emphasize
that urinary incontinence, particularly MUI, is a
widespread and multifactorial condition that affects
individuals across the lifespan, with profound
implications for public health, healthcare systems,
and quality of life.
Pathophysiology

The pathophysiology of mixed urinary
incontinence (MUI) reflects the convergence of the
mechanisms underlying both stress and urge urinary
incontinence, resulting in a clinical presentation that
incorporates features of each disorder. The stress
incontinence component arises primarily from
impairment of the structural and functional integrity
of the pelvic floor. Normally, continence is preserved
during periods of increased intraabdominal pressure
through coordinated support of the urethra, bladder
neck, and surrounding connective tissues. Weakness
of the pelvic floor musculature, attenuation of the
endopelvic fascia, prolapse of pelvic organs, or
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disruption of normal urethrovesical alignment can
undermine these compensatory mechanisms. In
particular, the posterior urethrovesical angle, which
should remain less than 120 degrees during straining,
becomes altered when pelvic support is
compromised.[3] As this angle widens, the urethra
becomes hypermobile and less capable of generating
adequate closure pressure during episodes of
coughing, lifting, sneezing, or other exertional
activities. Another essential contributor is intrinsic
sphincter deficiency, in which the urethral sphincter
fails to achieve or maintain complete closure, often
due to loss of mucosal coaptation, vascular atrophy,
or neuromuscular dysfunction. This further
diminishes urethral resistance and predisposes
involuntary leakage under stress conditions.[3] In
contrast, the urge incontinence component of MUI is
defined by involuntary bladder contractions that
occur in the absence of voluntary control. These
contractions, driven by detrusor overactivity, can be
spontaneous or triggered by various sensory or
mechanical stimuli. Patients often report precipitous
urinary urgency, frequently provoked by positional
changes such as rising from a supine to an upright
posture, or by external sensory cues such as the
sound of running water, hand washing, or exposure to
cold air.[4] The physiologic substrate for these
uninhibited contractions includes impaired neural
regulation of bladder activity, heightened detrusor
sensitivity, and reduced bladder compliance.
Normally, the bladder maintains low pressure during
filling through tightly regulated neural pathways
involving the pontine micturition center, sacral spinal
cord reflex arcs, and peripheral afferent and efferent
fibers. Disruption at any of these levels can diminish
inhibitory control, allowing premature or exaggerated
detrusor contractions.

Multiple clinical conditions can precipitate
or exacerbate urge incontinence by affecting bladder
neurophysiology. Neurologic disorders such as
multiple sclerosis, stroke, Parkinson disease, spinal
cord injuries, and peripheral neuropathies are well-
known contributors.[4][53][54] Pelvic radiation may
induce fibrosis, vascular injury, and sensory
dysfunction within the bladder wall, leading to
reduced compliance and hypersensitivity. Alterations
in the bladder microbiome, increasingly recognized
as a component of lower urinary tract health, may
also influence detrusor stability and inflammatory
signaling, creating a more irritable bladder
environment.[55]  Likewise, prolonged Foley
catheterization disrupts normal bladder cycling and
sensory input, which can result in long-term detrusor
overactivity.[56] In many patients, however, urge
incontinence arises without an identifiable structural
or neurologic cause, representing an idiopathic form
of detrusor overactivity.[57] The interplay of these
mechanisms produces the characteristic mixed
symptom profile seen in MUIL Pelvic floor
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compromise reduces urethral resistance during stress
events, while concurrent detrusor instability generates
unpredictable urges and involuntary contractions.
This dual dysfunction magnifies the clinical impact
of each component, often making MUI more
challenging to diagnose and manage than isolated
stress or urge incontinence. For detailed discussion of
these underlying mechanisms, refer to the StatPearls
companion chapters “Urge Incontinence” and “Stress
Incontinence.”
History and Physical
Clinical History

A comprehensive and carefully structured
clinical history is fundamental to the diagnosis of
mixed urinary incontinence (MUI). Because many
individuals feel embarrassed or reluctant to initiate
discussion about urinary symptoms, it is the
responsibility of the clinician to create a supportive
environment and ask direct, open-ended questions.
Inquiries should focus on symptoms such as urinary
frequency, urgency, hesitancy, slow or intermittent
stream, straining during voiding, sensations of
incomplete bladder emptying, dysuria, or involuntary
leakage that may require the use of pads or result in
visible wetness of clothing.[2] These symptoms often
overlap among various forms of urinary incontinence,
making a detailed exploration essential for
distinguishing the mixed phenotype. A thorough past
medical, surgical, and obstetric history is equally
important in guiding diagnosis. Prior pelvic or
urologic surgeries, childbirth trauma, hysterectomy,
pelvic organ prolapse repairs, or neurologic injuries
may significantly influence the underlying
mechanisms  of  continence  dysfunction.[2]
Information regarding the onset and duration of
urinary leakage, precipitants of symptoms, frequency
of leakage episodes, voiding patterns, the
approximate volume of leakage, pad usage, fluid
intake  habits, nocturia, and circumstances
surrounding urgency events helps clarify whether
stress or urge symptoms predominate.[2][4]
Documentation of caffeine consumption is essential,
as caffeine is a known bladder stimulant that can
exacerbate urgency and frequency symptoms.[2][4]
Validated symptom questionnaires—such as the
International Consultation  on  Incontinence
Questionnaire (ICIQ) or the Overactive Bladder
Questionnaire (OAB-q)—may be used to quantify
symptom severity and assess the impact of
incontinence on daily functioning. Clinicians should
also review comorbidities and contributing factors
including diabetes, neurologic disease, constipation,
chronic cough, mobility limitations, obesity, and
psychiatric conditions, as these often modulate the
expression of MUI. Medication review is critical,
particularly for drugs that influence bladder dynamics
such as diuretics, cholinergic agents, sedatives,
anticholinergics, and alpha-blockers. In women,
perimenopausal and  postmenopausal  estrogen
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deficiency is a significant factor, and the clinician
should discuss the potential benefit of topical vaginal
estrogen therapy for improving urethral mucosal
health and reducing irritative symptoms.[S8] A
voiding diary provides objective insight into bladder
habits and incontinence patterns. A 24-hour diary
documenting fluid intake, voided volumes, timing of
leakage episodes, nocturnal voids, and activities
associated  with  leakage  offers  valuable
data.[31][32][33][59] Although a three-day diary is
ideal for capturing variability, even a one-day record
can meaningfully contribute to diagnosis and
treatment planning.
Physical Examination

The physical examination in patients with
MUI aims to identify findings consistent with both
stress and urge mechanisms. Evaluation focuses
primarily on the abdomen, pelvis, perineum, and,
when  appropriate, the neurologic  system.
Observations should include abdominal contour, the
presence of a large panniculus, scars from prior
surgeries, suprapubic tenderness, and pelvic floor
muscle tone. Examination should be performed
initially with a full bladder and then repeated after
voiding, both in the supine and standing positions, to
evaluate positional effects on urinary leakage.[2] In
women, inspection and palpation of the pelvic floor
structures are essential. The clinician should assess
for pelvic organ prolapse, grading uterine or vaginal
descent and identifying cystocele, rectocele, or
enterocele, as these can alter urethral support and
bladder dynamics. Provocative maneuvers such as
coughing or Valsalva should be performed to elicit
visible leakage and evaluate stress incontinence.[1]
Atrophic changes, urethral hypermobility, or pelvic
floor muscle weakness should also be noted. In men,
a digital rectal examination allows assessment of
sphincter tone and prostate size, both of which
influence bladder outflow and continence. One of the
standard diagnostic tools for confirming stress
urinary incontinence is the cough stress test. In this
procedure, the clinician instills 250 to 300 mL of
sterile fluid into the bladder via catheter. Following
removal of the catheter, the patient is instructed to
cough forcefully. If leakage is not observed in the
supine position, the test is repeated with the patient
standing to increase sensitivity.[59] The cough stress
test carries a high positive predictive value—
approximately 78% to 97%—making it a reliable
indicator of stress incontinence when
positive.[60][61] However, a negative result must be
interpreted cautiously, as inadequate bladder volume,
patient inhibition due to embarrassment, or anxiety-
induced pelvic floor tightening may minimize
leakage. Together, a detailed clinical history and
targeted physical examination provide the
cornerstone for diagnosing MUI, enabling clinicians
to distinguish stress from urge components, identify
contributing factors, and formulate an individualized
and effective management strategy.
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Evaluation

The evaluation of mixed urinary
incontinence (MUI) begins with structured, office-
based diagnostic testing designed to distinguish
among the different types of urinary incontinence and
to identify coexisting conditions that may influence
management. Simple, noninvasive assessments are
often sufficient to characterize the predominant
components of stress and urge incontinence and to
determine whether additional specialized testing is
needed.[28][29][30][31][32][33] Urinalysis, with or
without urine culture, is a fundamental first step. This
test is essential for excluding urinary tract infection,
hematuria, glycosuria, and other abnormalities that
may contribute to or mimic incontinence, such as
acute cystitis or irritative voiding symptoms.[28] In
the presence of infection, urgency and frequency may
be prominent, and symptoms should be reassessed
after appropriate antimicrobial treatment. Postvoid
residual (PVR) urine volume measurement is another
key component of initial evaluation. This can be
performed using bladder ultrasound or catheterization
shortly after spontaneous voiding. An elevated PVR
suggests incomplete bladder emptying and may
indicate overflow incontinence or significant detrusor
underactivity.[28][62] Interestingly, approximately
20% of women with overactive bladder symptoms
have elevated PVR volumes, underscoring that
urgency and frequency are not exclusive to patients
with normal emptying.[63] Risk factors for increased
PVR include age 55 years or older, previous
incontinence surgery, more severe and numerous
urinary symptoms, multiple sclerosis, vaginal
prolapse, and a history of more than two vaginal
deliveries.[63] A voiding diary represents an
invaluable tool for objectively documenting the
pattern and severity of incontinence. Patients are
asked to record, over 24 hours or preferably 3 days,
the timing and volume of each void, fluid intake,
episodes of urgency, and leakage events, including
the circumstances surrounding
them.[29][31][32][33][64][65][66][67] These records
help quantify urgency, nocturia, and total urine
output, and they clarify whether leakage is more
closely associated with physical exertion, urgency, or
both. Even a single-day diary can provide meaningful
insights, although longer recordings better capture
day-to-day variability.

Symptoms of
Urinary Incontinence

t
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Fig. 3: Symptoms of urinary incontinence.
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The cough stress test is a simple, office-
based maneuver that is highly informative for
diagnosing stress incontinence. After confirming a
reasonably full bladder—either naturally or by
instilling 250 to 300 mL of fluid via catheter—the
catheter is removed and the patient is asked to cough
forcefully in the supine position.[29][68] If no
leakage is observed, the test is repeated in the
standing position, where gravitational effects and
abdominal pressure are greater. Visible leakage
coincident with coughing is strongly suggestive of
stress incontinence and thus supports the diagnosis of
a stress component within MUI. The predictive value
of a positive cough stress test is high, with reported
positive predictive values ranging from 78% to
97%.[60][61] A negative result, however, is less
definitive, as inadequate bladder volume, patient
inhibition, or anxiety may mask leakage. Pelvic
examination is particularly important in women and
must be performed systematically. The clinician
should assess for pelvic organ prolapse, vaginal
atrophy, pelvic floor muscle tone, and urethral
mobility. Prolapse can sometimes mask or diminish
incontinence by kinking the urethra; therefore, the
examination should include manual reduction of
prolapse (elevating the vaginal walls or uterus to their
expected anatomic position) followed by repeat
assessment of leakage with a cough or Valsalva
maneuver.[29] The strength and coordination of the
levator ani muscles should be evaluated, as these are
central to pelvic floor support and urethral
closure.[29] In men, rectal examination allows
assessment of anal sphincter tone and prostate size,
which are relevant to outlet obstruction and bladder
function. The Q-tip test is a more focused assessment
of urethral hypermobility. A lubricated cotton-tipped
swab is gently inserted through the urethra until it
reaches the bladder neck, then withdrawn slightly to
rest within the urethra. The patient is asked to
perform a Valsalva maneuver, and the angle of
deflection of the swab relative to the horizontal plane
is measured. A urethral axis change of 30 degrees, or
more is considered indicative of urethral
hypermobility, supporting a diagnosis of stress
incontinence due to deficient urethral
support.[29][30][69][70]

Because neurogenic dysfunction is a
recognized contributor to urge incontinence and may
influence treatment, all patients with urinary
incontinence should undergo a basic neurologic
evaluation. This should include assessment of lower
extremity strength and reflexes, perineal sensation,
anal sphincter tone, and, when indicated, a focused
evaluation for signs of central or peripheral nervous
system disease. Identification of a neurologic
disorder may prompt referral for specialist evaluation
and influence subsequent diagnostic testing and
therapeutic choices. Transperineal or translabial
ultrasound has emerged as a valuable imaging
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modality in the evaluation of women with MUI,
especially when a significant stress component is
suspected.[71] Ultrasound can be used to visualize
the posterior urethral angle, urethral inclination, and
the degree of bladder neck descent both at rest and
during Valsalva or coughing.[71][72] It also allows
measurement of the distance between the pubic bone,
urethra, and bladder neck, and can help characterize
urethral mobility and pelvic floor support.[71][72]
Studies have demonstrated that women with MUI and
predominant urgency symptoms tend to have thicker
bladder walls, possibly reflecting chronic detrusor
overactivity, whereas women with balanced urge and
stress components may exhibit greater bladder neck
descent.[72] Ultrasound offers practical advantages
over urodynamics in many settings, as it is faster,
better tolerated, noninvasive, and free of radiation
exposure.[71] When initial office-based tests do not
provide a complete explanation for the patient’s
symptoms, or when red flags suggesting more
complex pathology are present, additional diagnostic
studies may be warranted. These can include
cystoscopy to evaluate for intravesical pathology
such as tumors, stones, diverticula, or foreign bodies;
formal multi-channel urodynamic testing to assess
bladder and wurethral function under controlled
conditions; and video-urodynamic studies, which
combine fluoroscopic imaging with pressure
measurements to provide detailed anatomic and
functional  information.[29] Such  advanced
investigations are generally reserved for patients with
atypical presentations, prior failed treatments,
neurologic disease, or those being considered for
invasive surgical procedures.

Specialized  urodynamic  testing  is
particularly important in complex or ambiguous cases
of incontinence. Many experts consider MUI itself an
indication for urodynamic evaluation, given the need
to document both stress-related leakage and detrusor
overactivity, and to distinguish true mixed
incontinence from  cough-induced  detrusor
contractions.[71][73][74] Urodynamic confirmation
of MUI would demonstrate stress incontinence,
characterized by leakage associated with increased
abdominal pressure without a detrusor contraction, as
well as involuntary detrusor contractions consistent
with urge incontinence.[71] Multi-channel
urodynamics is also indicated in several additional
circumstances, including abnormal office cystometric
findings; preoperative evaluation before invasive or
complex anti-incontinence surgery; continuous or
unpredictable leakage patterns; persistent diagnostic
uncertainty despite a thorough initial workup; and a
history of previous radical pelvic
surgery.[73][75][76] Other indications include
incontinence refractory to conservative or initial
surgical therapy, known or suspected neurologic
disease, lack of correlation between reported
symptoms and physical findings, significant pelvic
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organ prolapse, prior pelvic radiation, and previous
failed incontinence operations.[73][75][76] In
summary, the evaluation of MUI proceeds from
simple, noninvasive office investigations to more
sophisticated studies based on the complexity of
presentation, response to initial therapies, and
planned interventions. A methodical, stepwise
approach  that integrates  history,  physical
examination, basic diagnostic tests, and selective use
of urodynamics and imaging allows accurate
characterization of the underlying pathophysiology

and optimization of individualized treatment
strategies.
Treatment / Management

The management of mixed urinary

incontinence (MUI) is grounded in a stepwise,
conservative-first  philosophy  that  prioritizes
symptom control, quality-of-life improvement, and
minimization of treatment-related risk. Initial therapy
typically emphasizes nonsurgical approaches such as
bladder training, pelvic floor muscle rehabilitation,
lifestyle modification, and selected pharmacologic
interventions, with more invasive procedures
reserved for patients who fail to respond adequately
or whose symptoms remain unacceptably
burdensome.[35][77][78][79][80][81][82][83][84][85
1[86][87] Because MUI incorporates both stress and
urge components, treatment is often multidimensional
and tailored to the dominant symptomatology.
Importantly, many patients, particularly those with
elevated operative risk, may find partial improvement
and increased confidence acceptable even if complete
continence is not achieved, so conservative strategies
are always recommended as the starting point.
Conservative  therapy  encompasses several
modalities. Bladder training is generally regarded as
the foundational intervention and is frequently
combined with pelvic floor exercises and reduction in
dietary bladder irritants such as caffeine.[71][88]
Patients are instructed to void first thing in the
morning and then to gradually extend the interval
between voids based on their usual pattern, often
documented in a voiding diary. The initial strategy
may involve adding 10 to 15 minutes to the typical
intervoid interval, and once that becomes tolerable, a
further 10 to 15 minutes is added in a stepwise
fashion until a target interval of approximately three
to four hours Dbetween daytime voids is
reached.[88][89]  Additionally, patients are
encouraged to delay micturition for at least five
minutes after the onset of wurgency and to
progressively increase this delay as tolerated by
increments of five to ten minutes. If an urge episode
cannot be controlled, the patient voids and then
resumes the prior schedule. Throughout this process,
a voiding diary is maintained to monitor progress,
document leakage episodes, and adjust the regimen.
Bladder training typically requires six to twelve
weeks of consistent adherence to yield meaningful
clinical benefit and is most effective when paired
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with regular Kegel exercises and caffeine reduction.
Scheduled or timed voiding regimens may be used as
adjuncts, particularly in individuals with cognitive or
functional limitations.[71][88][89]

Urinary Incontinence Algorithm |t
Ask the 31Q, and check UA

i [ Nonpharmacologic

e g

« PEMT
- Wtloss
+ Timed voiding

uge B

Surgical Consultation Vice——
Use therapy for both urge and stress

3 Incontinence ?s
1. During last 3 months Ider irritants*
have you leaked urine? il

2. In what si tions did

Mixed

you leak urine?
3. In what situation did
you most often leak urine?

Fig. 4: Management of urinary incontinence.

An important adjunctive behavioral strategy
is the so-called Knack technique, which is often
delivered via a self-administered, story-based video
program designed to train patients to anticipate high-
risk situations for leakage and to perform preemptive
pelvic floor muscle contractions at the critical
moment.[90][91] By contracting the pelvic floor in
anticipation of coughing, sneezing, or other stressors,
the patient increases urethral closure pressure and
counters the rise in intraabdominal pressure.
Physiologically, this maneuver reduces stress
incontinence by enhancing urethral resistance and
dampening  bladder excitability.[90][92][93][94]
Furthermore, preemptive contractions can suppress
detrusor overactivity, thereby attenuating urgency and
urge  incontinence.[90][94][95][96][97] In a
randomized controlled trial, approximately 71% of
participants reported significant improvement in
incontinence using the Knack approach compared
with only 21% in a group relying solely on dietary
change and general exercise.[90] The Knack tutorial
video is freely accessible online, making it a scalable
and cost-effective educational resource for patients.
Several additional noninvasive modalities have been
developed to facilitate pelvic floor strengthening and
modulate bladder activity. These include the use of
vaginal cones to provide resistance training for pelvic
muscles, intravaginal biofeedback devices that give
patients visual or auditory feedback about contraction
quality, percutaneous tibial nerve stimulation, and
pelvic floor muscle therapy using direct vaginal
electrical stimulation or extracorporeal magnetic
innervation.[78][79][98][99][100][101][102][103][10
4][105] These therapies can enhance neuromuscular
coordination and improve urethral support or reduce
detrusor overactivity. However, in broad populations,
their overall benefit may not substantially exceed that
of properly taught and consistently performed bladder
training and Kegel programs.[106] Evidence suggests
that combination regimens—such as bladder training
plus electrical stimulation with or without



1550 Mixed Urinary Incontinence: Contemporary Perspectives on Pathophysiology, Diagnosis, ...

biofeedback, or the addition of percutaneous tibial
nerve stimulation—generally outperform single-
modality treatments and may be particularly helpful
in more refractory cases.[79][107][108][109]

Conservative strategies primarily aim to
reduce symptom frequency and severity rather than to
cure the condition. The urge component of MUI is
often amenable to pharmacologic therapy.
Antimuscarinic agents and beta-adrenergic agonists
(such as those commonly used for overactive
bladder) can reduce detrusor overactivity and urgency
episodes.[4][110][111][112][113] Nonetheless,
conservative measures have limitations. Their
efficacy can be dependent on access to specialized
training or equipment, and benefits may diminish
once sessions or reinforcement end, especially if
patients struggle with long-term adherence.[79] For
refractory urgency and urge incontinence, more
advanced options such as tibial nerve stimulation,
intradetrusor injections of botulinum toxin A, or
sacral neuromodulation may be considered, typically
under specialist supervision.[4] These interventions
modulate neural pathways that control bladder
function and are reserved for individuals who have
failed or cannot tolerate first-line pharmacologic
therapy. For nocturnal enuresis or prominent
nighttime leakage, external devices such as condom
catheters for men or low-pressure vacuum wick
systems for women can offer practical symptomatic
relief and protect skin integrity, although they do not
address the underlying
pathophysiology.[114][115][116][117][118][119].
The stress incontinence component of MUI is often
best managed surgically when conservative measures
are insufficient, especially in the presence of
significant pelvic organ prolapse. However, for some
patients, particularly those who wish to avoid or
delay surgery, a pessary may provide acceptable
symptom control.[3][106] Pessaries are intravaginal
devices that support the urethra and bladder neck,
increase urethral length, and gently compress the
urethra against the pubic bone, thereby augmenting
urethral resistance and reducing stress-related
leakage.[120][121][122][123][124][125][126] When
correctly sized and fitted, pessaries are generally
comfortable and unobtrusive. They must, however, be
periodically removed and cleaned, and some patients
may experience vaginal mucosal irritation, pain,
bleeding, or increased risk of infection. Pessaries can
also occasionally interfere with bowel movements.
Despite these potential drawbacks, they remain a
valuable minimally invasive option, particularly for
those seeking reversible therapy or for whom surgery
poses substantial risk. Optimal benefit requires
meticulous fitting and ongoing follow-up.

Behavioral therapies broadly encompass
interventions aimed at modifying habits that
exacerbate MUIL.  These include  structured
biofeedback to improve awareness and control of
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pelvic floor muscles, bladder retraining protocols
such as timed voiding, and dietary modifications that
reduce intake of bladder irritants like alcohol, coffee,
tea, caffeinated sodas, chocolate, and other
methylxanthines.[127] Electrostimulation and
extracorporeal magnetic innervation can be integrated
into pelvic floor physical therapy programs to
enhance muscle activation and endurance. Specialist
pelvic floor physiotherapy remains a cornerstone of
nonoperative  care, providing  individualized
assessments and exercise regimens to improve
muscle strength, coordination, and endurance [127].
When nonpharmacologic strategies are insufficient,
medications become an important adjunct in the
management of MUI. Several pharmacologic classes
may be utilized, wusually targeting the wurge
component. These include agents such as mirabegron
and vibegron, which act on bladder receptors,
anticholinergic drugs like oxybutynin, solifenacin,
tolterodine, and trospium, which reduce detrusor
contractility, and, in selected cases, calcium channel
blockers such as amlodipine, nifedipine, and
verapamil.[128][77][129][130] Estrogen therapy,
primarily in the form of topical vaginal preparations,
may be beneficial in women by improving urethral
mucosal coaptation and vascularity, particularly in
the setting of estrogen deficiency. Additionally,
centrally acting agents such as selective serotonin and
norepinephrine reuptake inhibitors (eg, duloxetine)
and tricyclic antidepressants (eg, imipramine) have
been employed to modulate sphincter function and
sensory pathways.[128][77][129][130]

Duloxetine has been studied extensively and
has demonstrated meaningful benefit in women with
stress-predominant incontinence, likely through its
ability to enhance urethral closing pressure by
increasing serotonin and norepinephrine activity in
the spinal cord.[131][132][133][134][135][136] In
Europe, duloxetine is approved specifically for
female stress urinary incontinence and has shown
efficacy in clinical trials.[133][128][137] However,
its use must be weighed against the risk of significant
adverse effects, including mental health-related
events, heightened suicidal ideation or behavior, and
other systemic side effects.[133][137][138][139] In
contrast, imipramine appears to confer only minimal
benefit in most patients with MUI and is generally
considered a secondary or adjunctive
option.[131][132] Persistent nocturia that does not
respond to standard incontinence measures may
require  additional evaluation and targeted
therapy.[140] For nocturnal polyuria, desmopressin
can reduce nighttime wurine production, while
adjusting the timing of diuretics such as furosemide
to earlier in the day (approximately six hours before
bedtime) can help limit overnight diuresis.[140] A
more detailed review of such strategies is provided in
the StatPearls “Nocturia” reference.(A1) For patients
with persistent overactive bladder symptoms despite
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standard medications, alternative therapies such as
tibial nerve stimulation, intradetrusor botulinum toxin
A injections, and sacral neuromodulation may
provide significant relief.[4][141] Tibial nerve
stimulation, performed percutaneously or
transcutaneously, modulates sacral nerve activity via
the posterior tibial nerve. Botulinum toxin A
injections into the detrusor muscle decrease
acetylcholine release at the neuromuscular junction,
reducing involuntary contractions. Sacral
neuromodulation involves the implantation of a
device that delivers electrical impulses to the sacral
nerves, thereby modulating bladder storage and
voiding reflexes. These interventions are typically
undertaken after urologic or urogynecologic referral
and require careful patient selection and counseling.
More detailed discussions can be found in StatPearls’
“Urge Incontinence” and “Sacral Neuromodulation”
chapters.[4][141]

Primary care clinicians are often well
positioned to initiate MUI management with
behavioral strategies, pelvic floor exercises, lifestyle
adjustments, and pharmacologic therapy, provided
that urinary retention, overflow incontinence, and
active urinary tract infection have been ruled out.
However, there are clear indications for referral to
specialists ~ such  as  urogynecologists  or
urologists.[142] Referral is appropriate when a
surgical intervention is being contemplated, when
conservative therapies fail to provide adequate
symptom control, or when the clinical picture is
complex. Situations warranting specialist assessment
include the presence of abdominal or pelvic pain,
hematuria not attributable to infection, suspected or
established neurogenic bladder, significant comorbid
neurologic conditions (eg, cerebral palsy, multiple
sclerosis, spinal cord injury, Parkinson disease),
symptomatic pelvic organ prolapse, prior failed
incontinence surgeries, recurrent urinary tract
infections, or uncertain diagnosis.[142] Patients being
evaluated for sacral neuromodulation or other nerve
stimulation therapies, those with pronounced stress
incontinence requiring multiple pads per day,
individuals with urinary retention or overflow, and
those with documented voiding dysfunction such as
elevated postvoid residual volumes should also be
referred.[142] Additionally, cases involving suspected
vesicovaginal fistula or those in which urodynamic
studies are required for preoperative planning or
diagnostic  clarification are best managed in
specialized centers. Surgical therapy becomes a
central consideration when MUI is dominated by
significant stress urinary incontinence, especially in
the context of bothersome pelvic pressure and
advanced pelvic organ prolapse. In such cases,
surgical correction often provides the best
opportunity for substantial and durable improvement.
It is crucial to recognize, however, that surgery
principally addresses the stress component; urgency
and detrusor overactivity typically require concurrent
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or subsequent pharmacologic
management.[3][6][143][144][145] Optimizing the
overactive bladder symptoms before proceeding to
surgery and ensuring that patients have realistic
expectations regarding outcomes—understanding that
urgency may persist—are important factors that
influence satisfaction and perceived success. Surgical
interventions generally seek to restore and reinforce
the paraurethral connective tissues, pubourethral
ligaments, and the supportive ‘“hammock” of
suburethral vaginal tissue in the mid-urethral region.
Concurrent repair of cystocele, rectocele, uterine
prolapse, or other pelvic support defects may be
necessary to achieve anatomic and functional
restoration.[143][144][145]

The mid-urethral sling procedure is
considered the standard surgical approach for stress
urinary incontinence and is widely used in women
with or without MUI. A variety of abdominal and
vaginal procedures exist, including the Marshall—
Marchetti—Krantz suspension, Burch
colposuspension, paravaginal repairs, various
laparoscopic techniques, and older needle suspension
procedures such as those described by Pereyra,
Stamey, and Raz, in addition to different sling
operations.[146][147] Many of these operations yield
broadly comparable cure rates when used in
appropriately selected patients.[146][147] Detailed
descriptions of sling surgery and related procedures
can be found in the StatPearls references on “Stress
Incontinence” and “Pubovaginal Sling.”[3][146]
Likewise, separate StatPearls entries on “Cystocele,”
“Rectocele,” “Pelvic Organ Prolapse,” and “Uterine
Prolapse” provide further insight into the surgical
management  of  associated  pelvic floor
disorders.[143][144][145][148] Clinical experience
suggests that more than half of women with
significant pelvic organ prolapse experience marked
improvement in urinary incontinence symptoms
following prolapse repair, even in the absence of a
concurrent sling, although adding a sling can enhance
stress continence in selected
patients.[6][149][150][151] Residual urgency can
then often be effectively managed with
anticholinergic or other overactive bladder
medications. For stress incontinence, additional
options include periurethral bulking agents, which are
injected around the urethra to increase mucosal
coaptation; adjustable continence therapy periurethral
balloons; and, in severe or complex cases, artificial
urinary sphincters.[3] While slings are an excellent
option for isolated stress incontinence, patients with
MUI and prominent preoperative urgency may be
less satisfied because the surgery does not fully
address the urge component and may not meet
expectations for complete dryness.[152] Predictors of
reduced satisfaction after stress incontinence surgery
include significant preoperative overactive bladder
symptoms, a long history of incontinence lasting
more than 9.5 years, the need for preoperative
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anticholinergic medication, diabetes mellitus, and
unrealistic patient expectations [152].

Adjustable continence therapy devices
represent an intermediate surgical option for stress
incontinence. These systems employ implantable
periurethral balloons placed at the level of the bladder
neck.[153][154] A special trocar is used to create a
tunnel for balloon placement, and each balloon is
connected to an adjustment port implanted in the
scrotum or beneath the skin, allowing percutaneous
volume adjustments over time.[153][154] In patients
where standard trocar tunneling is not feasible or
safe, an open perineal approach has been
described.[154][155] Reported outcomes are
generally favorable, with continence rates exceeding
50% in appropriately selected
individuals.[153][154][155][156][157][158] The
procedure is technically simpler and usually less
expensive than artificial sphincter implantation.
These devices exert a static compressive effect on the
urethra, but the degree of compression can be
modified in the office, permitting individualized
titration of urethral resistance. Success rates are
comparable to those observed with artificial urinary
sphincters, yet the operation is less invasive and
recovery is typically
quicker.[154][159][160][161][162][163]. Despite
these advantages, adjustable continence therapy
devices remain underutilized, particularly considering
their potential as a less invasive alternative to
artificial sphincters in both sexes.[154][158] In the
United States, regulatory approval has been limited to
use in men, even though studies show efficacy in
women as well.[154][164][165] More detailed
guidance regarding these devices is available in the
StatPearls chapter on “Artificial Urinary Sphincters
and Adjustable Dual-Balloon Continence Therapy in
Men.” [154] Artificial urinary sphincters represent a
more complex and definitive surgical solution for
severe or refractory stress incontinence. FDA-
approved for use in both men and women, they are
particularly indicated in cases of neurogenic stress
incontinence and persistent leakage following
previous surgery.[166] Given the complexity of
implantation and the availability of less invasive
alternatives, artificial sphincters are generally
reserved as a last-resort therapy for patients whose
incontinence is not amenable to other treatments.
Nevertheless, outcomes in this highly selected
population are favorable, with good functional results
reported even in older women over 75 years with
otherwise intractable stress
incontinence.[167][168][169][170][171][172] Unlike
fixed sling or suspension procedures, artificial
sphincters can dynamically alter urethral resistance—
allowing high closure pressures at rest to maintain
continence and transiently lowering resistance during
voiding—making them especially suitable for
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patients with significant detrusor weakness who
cannot generate strong voluntary contractions [166].

Complications associated with artificial
urinary sphincters include urethral atrophy, cuff or
device erosion, mechanical failure, fibrosis, and
infection.[173] The cost of the device and the
technical demands of implantation have historically
limited widespread use. However, advances in
laparoscopic and robotic techniques have contributed
to reduced postoperative morbidity and may
encourage broader adoption.[173][174][175]
Ongoing innovations in device design and surgical
approach are expected to improve durability, ease of
use, and long-term outcomes.[176]  Further
information is provided in the StatPearls reference
focusing on artificial urinary sphincters and
adjustable dual-balloon therapy [154]. Intrinsic
sphincter deficiency represents a particularly
challenging form of stress incontinence characterized
by profound loss of urethral closure pressure due to
neuromuscular damage, scarring, or repeated
surgery.[156][159][163][177][178][179][180] It may
occur independently or in conjunction with urethral
hypermobility. In these cases, incontinence can be
severe, sometimes continuous, and even minor
increases in intraabdominal pressure can provoke
substantial leakage. Treatment generally parallels that
of stress incontinence but is often less successful, and
surgical results may be less durable. Mid-urethral
slings are typically the preferred surgical option, but
other sling types, bulking agents, adjustable
periurethral balloons, and artificial urinary sphincters
may also be
considered.[156][159][163][177][178][179][180] In
women with intrinsic sphincter deficiency, artificial
sphincters may offer superior functional results
compared with other surgeries, but this benefit must
be weighed against higher rates of intraoperative and
postoperative complications, increased operating
time, greater susceptibility to device failure, and
longer hospital stays.[181] In summary, the treatment
and management of mixed urinary incontinence
require a carefully individualized, multimodal
strategy that starts with conservative therapies and
escalates to pharmacologic, neuromodulatory, or
surgical options as warranted. Optimal care depends
on accurate characterization of the relative stress and
urge components, thorough counseling regarding
expectations and risks, and collaborative decision-
making that aligns therapeutic choices with patient
goals, comorbidities, and lifestyle.
Differential Diagnosis

The differential diagnosis of mixed urinary
incontinence (MUI) is broad and encompasses a
range of urologic, gynecologic, neurologic, and
inflammatory conditions that can mimic or coexist
with both stress and urge symptoms. A careful
history, physical examination, and targeted
investigations are therefore essential to distinguish
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MUI from other disorders that may require distinct
management strategies. Acute or chronic cystitis is
one of the most common mimickers, as urinary
urgency, frequency, and suprapubic discomfort may
dominate the clinical picture. Recurrent urinary tract
infections in males and females must be considered,
particularly when irritative voiding symptoms are
prominent. In men, benign prostatic hyperplasia and
prostatitis are frequent causes of lower urinary tract
symptoms and may result in obstructive voiding,
incomplete emptying, and overflow leakage, which
can be mistaken for or accompany MUI. Urinary
obstruction more generally—whether due to urethral
strictures, urethral scarring, or pelvic masses—should
also be excluded. Pelvic floor and structural
abnormalities such as cystocele, rectocele, and
uterine prolapse can predispose to incontinence by
altering bladder and urethral support, and may
present with mixed symptomatology. Vaginitis and
interstitial cystitis can produce pelvic discomfort,
urgency, dyspareunia, and frequency, creating
diagnostic confusion. Neurologic causes must be
carefully evaluated, including multiple sclerosis,
neurogenic  bladder, spinal cord neoplasms,
abscesses, or trauma, all of which can disrupt the
neural pathways governing bladder storage and
emptying. Radiation cystitis, following pelvic
radiotherapy, may lead to chronic irritative symptoms
and reduced bladder capacity, mimicking urge-
predominant incontinence. Cough-induced detrusor
overactivity should be differentiated from true mixed
incontinence, as this phenomenon represents reflex
detrusor contractions triggered by stress events rather
than coexisting primary stress and urge pathologies.
Pure urge incontinence must also be distinguished
from MUI, especially when there is no demonstrable
stress leakage on examination. A structured, stepwise
evaluation that considers these entities—acute or
chronic cystitis, benign prostatic hyperplasia,
prostatitis, urethral strictures, urinary obstruction,
interstitial cystitis, neurogenic bladder, spinal cord
pathology, radiation cystitis, pelvic organ prolapse,
vaginitis, and isolated urge incontinence—allows
clinicians to refine the diagnosis and tailor therapy
accordingly.[65][66]
Prognosis

The  prognosis of mixed  urinary
incontinence depends on multiple factors, including
the underlying etiology, the relative predominance of
stress or urge components, the presence of pelvic
organ prolapse, comorbid conditions, and the
patient’s treatment expectations. When a patient
seeks complete resolution of stress urinary
incontinence with no residual leakage, it is essential
to provide detailed informed consent regarding
surgical options, expected outcomes, and potential
complications. Data suggest that both abdominal and
vaginal surgical approaches offer broadly comparable
success, with cure rates of approximately 86%,
clinical improvement in about 7% of patients, and
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failure in another 7%.[147] A “clinical cure” in this
context 1implies the absence of significant
postoperative incontinence such that the patient does
not require further treatment or urodynamic testing.
Patients who achieve only partial improvement,
characterized by occasional intermittent leakage, or
those whose procedures fail to adequately address
symptoms, may require further evaluation. In such
situations, urodynamic testing is often necessary to
distinguish between persistent stress incontinence,
residual or emergent urge incontinence, or other
subtypes and variations. Depending on the findings,
additional  behavioral therapy, pharmacologic
treatment, or reoperation may be indicated.
Reoperative surgery is generally considered a last
resort due to increased risks and potentially lower
success rates. Newer and more targeted interventions
expand therapeutic possibilities for patients who have
not responded to standard surgical or medical
therapies. Periurethral bulking agents, adjustable
continence device therapy, and artificial urinary
sphincters can provide meaningful relief of stress
symptoms in carefully selected men and women who
have failed prior approaches.[3] For individuals with
severe urgency and overactive bladder symptoms
refractory to conventional pharmacologic
management, sacral neuromodulation, intradetrusor
botulinum A toxin injections, and tibial nerve
stimulation offer additional options that can
significantly improve bladder control and quality of
life.[4][141] Overall, prognosis is generally favorable
when patients are thoroughly evaluated, counseled
realistically, and managed with a tailored, multimodal
treatment plan.
Complications

Complications related to the management of
mixed urinary incontinence are most frequently
associated with surgical interventions for the stress
component, although nonsurgical treatments may also
have adverse effects. It is essential that the potential
risks of surgery be clearly communicated to patients
as part of preoperative counseling. Common surgical
risks include bleeding and infection, which may
present in the immediate postoperative period and
require antibiotic therapy, wound care, or, rarely,
reoperation. Injuries to adjacent structures of the
genitourinary or gastrointestinal tract—such as the
bladder, urethra, ureters, rectum, or bowel—although
relatively uncommon, are serious complications that
may necessitate prompt recognition and repair.[147]
Persistent or recurrent urinary incontinence or pelvic
organ prolapse is another important concern. Even
after technically successful procedures, some patients
may continue to experience bothersome leakage,
often due to unaddressed or recurrent detrusor
overactivity, intrinsic sphincter deficiency, or
inadequate restoration of urethral support. Recurrence
of prolapse can similarly undermine the durability of
surgical correction. Postoperative dyspareunia is a
further potential complication, especially after
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vaginal procedures, which may result from scarring,
tissue tension, or mesh-related issues when synthetic
materials are used. This can significantly affect
sexual function and overall satisfaction with surgery.
Urethral erosion and mesh or sling complications are
particularly important to discuss in procedures
involving synthetic materials. Erosion into the urethra
or vagina may lead to pain, recurrent infections,
hematuria, and recurrent incontinence, often
necessitating partial or complete removal of the
device and, potentially, additional reconstructive
surgery.[147] Beyond surgical risks, pharmacologic
therapies for the urge component can cause side
effects such as dry mouth, constipation, cognitive
changes, or cardiovascular concerns, particularly in
older or medically complex patients. Interventions
such as botulinum toxin A injections carry a risk of
urinary retention, sometimes requiring temporary
catheterization, while neuromodulation procedures
may entail lead migration, pain, or device
malfunction. Thorough counseling, careful patient
selection, and ongoing follow-up are therefore
essential to minimize complications and optimize
long-term outcomes [147].
Postoperative and Rehabilitation Care
Postoperative  and  rehabilitation  care
following surgical treatment for mixed urinary
incontinence is critical to ensure optimal healing,
functional recovery, and long-term success. Many
patients require temporary bladder drainage after
surgery, typically via a urethral or suprapubic
catheter, to prevent acute urinary retention and allow
the surgical site to stabilize. The duration of
catheterization varies depending on the type of
procedure and individual factors, but clinicians
generally aim to resume spontaneous voiding as early
as safely possible. Postvoid residual urine volumes
should be monitored after catheter removal, with a
target of less than 100 mL, as higher volumes may
indicate  persistent  voiding  dysfunction or
obstruction. Fortunately, mild voiding difficulties that
occur immediately after surgery often resolve
spontaneously within days to weeks as tissue edema
subsides and the pelvic floor adapts. Patients should
receive clear guidance on activity restrictions during
the early postoperative period. Sexual intercourse is
typically contraindicated for at least six weeks,
allowing adequate time for tissue healing, suture
integration, and stabilization of any implanted
materials. Resuming coital activity earlier may risk
disruption of the surgical repair, increased pain, or
complications such as bleeding and infection.
Similarly, patients are generally advised to avoid
heavy lifting, usually defined as lifting more than 25
pounds, during the same interval. Excessive increases
in intraabdominal pressure during early healing can
compromise surgical repair integrity, contribute to
recurrent prolapse, or precipitate recurrent stress
incontinence. Rehabilitation may also include pelvic
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floor physical therapy to optimize muscle strength,
coordination, and flexibility, particularly in patients
with preexisting pelvic floor dysfunction or those
recovering from extensive prolapse repairs.
Education on healthy bowel habits, prevention of
constipation, and proper lifting mechanics is equally
important to reduce strain on the pelvic floor. Follow-
up visits should be scheduled to monitor wound
healing, assess continence status, address pain or
dyspareunia, and adjust any pharmacologic therapy
for residual urgency or irritative symptoms. Early
identification and management of complications,
including urinary retention, infection, or erosion, can
prevent more serious sequelae. Comprehensive
postoperative  care, combined with targeted
rehabilitation efforts, enhances surgical durability and
patient satisfaction [148].

Patient Education

Deterrence of mixed urinary incontinence
and its complications relies heavily on patient
education, public awareness, and clinician
engagement. Providing accessible, evidence-based
information enables patients to recognize early
symptoms, seek timely evaluation, and understand
the full range of available treatment options.
Education  should emphasize that urinary
incontinence is a common, treatable medical
condition rather than an inevitable or shameful
consequence of aging or childbirth. By reducing
stigma, patients may feel more comfortable
discussing symptoms with healthcare providers and
participating in shared decision-making. Reliable
patient education resources are particularly valuable
in reinforcing information delivered during office
visits and supporting long-term adherence to
behavioral strategies. Several reputable organizations
offer free, high-quality educational materials on
urinary incontinence and MUIL The American
College of Obstetricians and Gynecologists provides
patient-friendly information on urinary incontinence
and women’s health. The American Urological
Association and the Urology Care Foundation offer
educational content on urinary incontinence,
treatment options, and self-care strategies. The
National Association for Continence (NAFC) and
The Simon Foundation for Continence provide
comprehensive resources, including guides, support
tools, and telephone assistance for patients and
caregivers [149].

Additional resources are available through
international and regional organizations. The
European Association of Urology, the International
Continence  Society, and the International
Urogynecological Association provide multilingual
patient education materials and practical guidance on
continence promotion. National health systems, such
as the UK National Health Service, also host detailed
patient information pages on urinary incontinence,
while the Continence Foundation of Australia offers
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region-specific education and support. Clinicians
should routinely direct patients to these trusted sites
and encourage them to involve family members or
caregivers in the educational process. Empowering
patients with knowledge about risk factors,
preventive strategies (such as weight management,
pelvic floor exercises, and avoidance of bladder
irritants), and the importance of early intervention
can reduce the burden of MUI, improve treatment
adherence, and enhance overall outcomes. Education
of healthcare professionals is equally important to
ensure they remain current with evolving guidelines,
therapeutic innovations, and best practices [149].
Other Issues

Several key principles can help clinicians
navigate the complexities of managing mixed urinary
incontinence. First, establishing realistic treatment
expectations from the outset is essential. Patients
should understand that while a complete cure is
possible, especially for the stress component,
treatment success is often defined as a meaningful
reduction in symptom severity that improves quality
of life rather than absolute dryness. Addressing the
most bothersome symptoms first—usually urgency,
frequency, and urgency incontinence—is often a
practical strategy, as these are commonly responsive
to pharmacologic and behavioral interventions.
Although postvoid residual measurement is not
strictly mandatory before initiating therapy, many
experts recommend obtaining it at least once during
evaluation to avoid missing overflow incontinence,
particularly in older adults or those with neurologic
disease. A 24-hour voiding diary, documenting void
frequency, volumes, and leakage episodes, is
extremely useful in complex cases and can help
differentiate nocturnal polyuria, behavioral patterns,
and mixed symptomatology.[65][66] When stress
incontinence is prominent, a properly fitted pessary
can offer immediate and reversible symptom relief. If
the patient finds it unsatisfactory or uncomfortable,
the device can simply be removed without lasting
consequences, making it an attractive trial therapy.
Adjustable continence devices and artificial urinary
sphincters remain underutilized despite their efficacy
in appropriately selected patients, particularly women
with refractory stress incontinence or intrinsic
sphincter deficiency. These options should be
discussed during counseling alongside more
conventional procedures so patients are aware of all
available treatments. Innovations such as disposable,
self-inserted intravaginal pessaries currently in
clinical trials have shown promising results, with
more than 87% of users reporting at least a 50%
reduction in leakage and no serious adverse effects,
suggesting a potential future role in conservative
management of stress incontinence.[182] For
nocturnal enuresis and nighttime leakage in women,
low-pressure external vacuum wick incontinence
systems can help maintain skin dryness, minimize
irritation, and improve comfort, even though they do
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not correct the underlying pathology.[118][119]
Similar devices, including male-specific pads or
appropriately secured condom catheters, can be used
in men.[118][119][183] These supportive products,
used in conjunction with medical or surgical
therapies, contribute significantly to symptom
management and quality of life. Overall, a flexible,
patient-centered approach that incorporates both
established and emerging options is crucial in
optimizing care.
Enhancing Healthcare Team Outcomes

Effective management of mixed urinary
incontinence requires coordinated efforts from an
interprofessional healthcare team. Because MUI is
common in primary care settings, primary clinicians
play a pivotal role in initial recognition, evaluation,
and early management. A thorough history and
physical examination provide the foundation for an
accurate differential diagnosis, after which clinicians
can initiate conservative treatments such as
behavioral therapy, pelvic floor exercises, and first-
line pharmacologic agents. It is essential to
communicate clearly that not all treatment options
result in complete resolution and that success is
measured primarily by improvement in symptoms
and quality of life, rather than absolute elimination of
leakage. Ethically, clinicians are obligated to explain
and offer the least invasive, evidence-based options
before recommending surgical interventions. This
includes lifestyle modification, bladder training,
pelvic floor rehabilitation, and medications. When
more complex therapy is required, referral to
urogynecologists, urologists, physiatrists, or pelvic
floor physical therapists becomes crucial. Advanced
practice providers, including nurse practitioners and
physician assistants, can assist in longitudinal
monitoring, reinforcing  behavioral  strategies,
managing medications, and providing patient
education. Nurses are integral to every stage of care.
They often conduct initial screenings, teach pelvic
floor exercises, help patients maintain voiding
diaries, and provide ongoing counseling. Pharmacists
contribute by reviewing medication regimens for
potential interactions or agents that may exacerbate
incontinence, recommend appropriate pharmacologic
options, and advising on side effect management.
When neuromodulation, botulinum toxin injections,
pessary fitting, or surgical procedures are considered,
close communication between specialties is vital to
ensure continuity of care and consistent messaging.
Patient safety and satisfaction are optimized when all
team members present a unified, patient-centered
message, explaining the rationale for each
intervention, expected outcomes, and possible
alternatives. Regular multidisciplinary meetings or
case conferences can help align treatment plans,
particularly for complex or refractory cases. By
fostering collaboration among physicians, advanced
practitioners, nurses, pharmacists, physical therapists,
and support staff, the healthcare team can deliver
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comprehensive, coordinated care that enhances

clinical outcomes, reduces complications, and

improves the overall experience for patients living

with mixed urinary incontinence [180][181][183].

Conclusion:

In conclusion, mixed urinary incontinence is

a complex but manageable condition requiring a
systematic and patient-tailored approach. Successful
management hinges on accurately diagnosing the
relative contributions of stress and urge components
through a thorough clinical evaluation. Initial
treatment should always prioritize conservative, non-
invasive strategies, including structured bladder
training, pelvic floor muscle rehabilitation (such as
the Knack technique), and lifestyle modifications.
Pharmacologic therapy primarily targets the urge
component. When conservative measures are
insufficient, particularly for the stress element,
surgical options like the mid-urethral sling offer high
success rates, though patients must be counseled that
residual urgency may persist. Ultimately, optimal
outcomes are achieved through a collaborative,
interprofessional model of care that sets realistic
goals, prioritizes patient education, and individualizes
the treatment plan to improve quality of life and
functional independence.
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