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Summary

Female urinary incontinence has a significant impact on a woman’s quality of life 
and her overall health. Incontinence puts women at risk for urinary tract infections 
and limits their activities of daily living such as work, exercise, and intimacy. This 
problem also has substantial economic impact for a woman, with expensive pads or 
other protective devices and contributes significantly to healthcare expenditures.

Unfortunately, incontinence in women is infrequently discussed in medical visits 
despite most women wanting to address their leakage. There have been substantial 
shifts in the diagnosis and treatment of women with incontinence in the past 5 years. 
There are new medical therapies (beta three agonists), new minimally invasive ther-
apies such as PTNS, dramatic shifts in the utilization of mesh products, and count-
less new therapies in human trials.

This book will be a comprehensive review of the: etiology, anatomy, diagnosis 
(including an in depth review of urodynamics), treatments from conservative to the 
most complex surgery, and future directions of care of female incontinence. There 
are several guidelines on female incontinence such as the AUA/SUFU guidelines on 
stress incontinence and overactive bladder that will be references in treatment algo-
rithms. In this book, we will also focus on incontinence in poorly understood popu-
lations such as older children, the elderly, women post-reconstruction, and trans 
women. For completeness, we will include parts on non-standard causes of inconti-
nence that are often neglected in these reviews such as fistulas and urethral 
diverticulum.

The book will be structured as follows. It will begin with an in depth review of 
the etiology and diagnosis of incontinence. This will include a review of the cost of 
incontinence, a detailed chapter on diagnosis, and a separate chapter on urodynam-
ics given the paucity of good references on this topic. This chapter will include 
detailed visual examples for the reader. Along with a chapter covering anatomy of 
the bladder and urethra/pelvic floor, a historical review of treatments of the past will 
be included since so many women have undergone these therapies and have altered 
anatomy.
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Conservative treatments will be discussed in detail in Part II, including patient 
and provider handouts on behavioral modification and how to perform pelvic floor 
exercises.

Part III will cover medical therapy, minimally invasive treatments all the way 
through radical surgical approaches with a chapter focusing on the little-known 
subject of management of treatment failures. Part IV will be centered on the treat-
ment of stress incontinence with chapters progressing from least invasive to most 
invasive therapies and a chapter on mesh complications and treatment failures which 
is a controversial topic.

Many other pelvic floor disorders can result in incontinence although they are 
not typically discussed in works focusing on female incontinence. Given the impor-
tance of other pelvic floor anomalies in the differential diagnosis of incontinence, I 
have included chapters in Part V on the intersection of prolapse with female incon-
tinence, incontinence diagnosis and management following major reconstruction 
such as neobladder or penile inversion vaginoplasty, and incontinence due to more 
rare conditions such as fistulas.

Part VI will focus on special populations with incontinence who have different 
treatment paradigms and cautions such as pediatric patients, the elderly, and women 
with neurogenic lower urinary tract dysfunction. I have included a chapter on fecal 
incontinence and its intersection with urinary incontinence since so few practitio-
ners address both problems simultaneously, but should. The concluding chapter will 
focus on research needs and the ever expanding horizon of new developments in the 
field of incontinence in women.

This book will serve as a comprehensive text directed towards primary care pro-
viders, gynecologists, urologists, learners, and those trained in female pelvic medi-
cine and reconstructive surgery (FPMRS). It will, when appropriate, contain patient 
or provider handouts and treatment flow charts which are excellent reference tools 
for clinical care.

Given the topic of incontinence specifically in women and the burgeoning rise of 
women in the field of FPMRS, I propose an all-female author list to provide the 
opportunity for these women to showcase their knowledge. I am a board member of 
the Society of Women in Urology and SUFU with many superb contacts and have 
many of these gifted women, all experts in the field in mind for chapter authors (see 
outline below). They are comprised of an international group of female urologists 
and urogynecologist who were each picked for chapters based on their particular 
expertise.

Audience Primary care providers, urologists, gynecologists, female urologists, 
pediatric urologists, urogynecologist, functional gastroenterologist, basic and trans-
lational scientists, medical students entering any of these fields, urology and gyne-
cology residents, and fellows.

Summary
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Chapter 1
Epidemiology, Definitions, and Cost 
of Incontinence in Women

Cynthia S. Fok, Rachael Gotlieb, and Nissrine Nakib

 Introduction

Pelvic floor disorders in women are common. Pelvic floor disorders include pelvic 
organ prolapse, urinary incontinence, and anal incontinence. This chapter focuses 
specifically on the epidemiology of urinary incontinence (UI). In this chapter, we 
discuss (1) definitions of urinary incontinence, (2) rates of urinary incontinence, (3) 
risk factors for urinary incontinence, (4) costs of urinary incontinence, and (5) 
social disparities in female urinary incontinence.

 Definitions of Urinary Incontinence in Women

In women, urinary incontinence, defined as involuntary loss of urine, is a common 
bothersome complaint [1]. Urinary incontinence can manifest in many ways and 
can come from many etiologies. Characterizing and defining the symptom of uri-
nary incontinence can help in a woman’s evaluation and treatment.

In 2010, the International Urogynecological Association (IUGA) and the 
International Continence Society (ICS) convened a joint task force to report on the 
terminology of female pelvic floor dysfunction. This document has provided much 
of the terminology on female urinary incontinence [1]. Please see the summary of 
the definitions listed in Table 1.1.

C. S. Fok (*) · N. Nakib 
Department of Urology, University of Minnesota, Minneapolis, MN, USA
e-mail: csfok@umn.edu; naki0003@umn.edu 

R. Gotlieb 
Medical School, University of Minnesota, Minneapolis, MN, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84352-6_1&domain=pdf
https://doi.org/10.1007/978-3-030-84352-6_1#DOI
mailto:csfok@umn.edu
mailto:naki0003@umn.edu


4

Functional incontinence is urinary incontinence that is associated with a separate 
physiologic or pathologic process. This is important as these causes may be revers-
ible. Common causes of functional incontinence can be remembered by the mne-
monic DIAPPERS [2]

• Drugs (e.g., bethanechol)
• Infection (e.g., urinary tract infection)
• Atrophy (e.g., menopause)
• Psychological disorders (e.g., delirium, depression, dementia)
• Pharmacological (e.g., diuretics, narcotics, sedatives)
• Endocrine (e.g., hyperglycemia, hypercalcemia)
• Restricted mobility
• Stool impaction

Overactive bladder, although not a disease itself, is a condition that is often 
included in the discussions of urinary incontinence. Overactive bladder syndrome is 
“urinary urgency, usually accompanied by frequency and nocturia, with or without 
urgency urinary incontinence, in the absence of urinary tract infection or other obvi-
ous pathology [1].”

 Rates of Urinary Incontinence

In discussing rates of urinary incontinence, we first must define prevalence and 
incidence. Prevalence is defined as all cases in a given population at a specific time 
divided by the number of individuals at risk for disease in that population. Incidence 

Table 1.1 Definitions of urinary incontinence

Type of urinary 
incontinence Definition

Stress incontinence Complaint of involuntary loss of urine on the effort of physical exertion, 
or on sneezing or coughing

Urgency 
incontinence

Complaint of involuntary loss of urine associated with urgency

Postural 
incontinence

Complaint of involuntary loss of urine associated with the change of body 
position

Nocturnal enuresis Complaint of involuntary urinary loss of urine which occurs during sleep
Mixed incontinence Complaint of involuntary loss of urine associated with urgency and also 

with effort or physical exertion or on sneezing or coughing
Continuous 
incontinence

Complaint of continuous involuntary loss of urine

Insensible 
incontinence

Complaint of urinary incontinence where the woman has been unaware of 
how it occurs

Coital incontinence Complaint of involuntary loss of urine with coitus
Functional 
incontinence

Complaint of involuntary loss of urine that is associated with a separate 
physiologic or pathologic process

C. S. Fok et al.
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is the number of new cases in a population over a period of time divided by the total 
number of individuals followed in that time period.

Urinary incontinence in women is common. For the subsequent data described, 
we will be focusing primarily on prevalence rates of urinary incontinence in the 
United States. The reported prevalence of urinary incontinence in the literature is a 
variable based on how the question was asked and in what population. The reported 
prevalence of any type of urinary incontinence ranges from 5% to 64% in large 
epidemiological studies. Please see a summary of the large epidemiological studies 
in female urinary incontinence listed in Table 1.2.

Table 1.2 Summary of large epidemiological studies in female urinary incontinence

Study

Prevalence 
urinary 
incontinence by 
type Total incontinence

Women’s Health Initiative 
n = 23,296 postmenopausal 
women 50–79 years old

SUI: 51%
UUI: 49%
MUI: 14%

Highest reported prevalence with 64% of 
women reported having any experience 
of an episode of UI [3]

National Health and Nutrition 
Examination Survey (NHANES) 
(2005–2016)
Cross-sectional survey of US 
women 20 years and older
2001–2004 cohort n = 4229
2005–2016 cohort n = 15,003

SUI: 26%
UUI: 10%
MUI: 16%

49.6% reported any UI [4]
53% reported any UI [5]
30% reported moderate to severe urinary 
incontinence in the 2005–2016 cohort 
which is an increase from the 17.1% in 
the 2005–2010 cohort [5, 6]

Group Health Cooperative 
n = 3536 women 30–90 years old

SUI: 14%
UUI: 5%
MUI: 21%

45% of reported urinary incontinence 
defined as “leakage of any amount that 
occurred at least monthly” [7]

Nurses’ Health Study 
Female registered nurses 
30–55 years enrolled in 1976. UI 
questions were first asked in 1996
Incidence of new UI in this cohort 
was assessed from 2000 to 2002 
[9]

Incidence of:
SUI: 2%
UUI 0.7%
MUI 0.9%

34.1% at least one episode of urine 
leakage monthly during the previous 
12 months [8]
9.2% reported at least monthly episodes 
of UI during the prior 12 months
27.6% reported new UI during the prior 
12 months [9]

Epidemiology of Lower Urinary 
Tract Symptoms (EpiLUTS) [10]
Adults 40 years and older
n = 15,861 women

SUI: 31.8%
UUI: 24.4%

Kaiser Permanente Continence 
Associated Risks Epidemiologic 
Study (KP CARES) [11]
25–84 years old women

SUI: 15%

Reproductive Risks for 
Incontinence Study at Kaiser 
(RRISK) [12]
Women between 40 and 69 years

28.6% reported at least one episode of 
urinary incontinence weekly

1 Epidemiology, Definitions, and Cost of Incontinence in Women
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 Rates of Urinary Incontinence by Age

The prevalence of urinary incontinence has been found to increase with age. The 
Group Health Cooperative found 28% of women 30–39 years old reported urinary 
incontinence, whereas 55% of women 80–90 years old reported urinary inconti-
nence. In women 30–39  years of age, 45% reported stress incontinence, 10% 
reported urgency incontinence, 41% reported mixed incontinence, and 8% reported 
severe urinary incontinence. This is in contrast to women 80-90 years of age where 
only 16% reported stress incontinence, 20% reported urgency incontinence, 53% 
reported mixed incontinence, and 33% reported severe urinary incontinence [7]. 
The Nurse’s Health Study showed that as age increases the incidence of stress 
incontinence decreases, while the incidence of urgency incontinence increases with 
age [9]. Although the EPIC study is not a population-based study of US adults, this 
is a study of adults 18 years and older from Canada, Germany, Italy, Sweden, and 
the United Kingdom. This study also demonstrates a strong relationship between 
urinary incontinence and age in women. The prevalence rates were 7.3% for women 
39 years and younger, 13.7% for women 40–59 years, and 19.3% for women over 
60 years [13].

The NHANES cohort showed the stress incontinence is most common in women 
40–59 years (32%) but urgency incontinence and mixed incontinence were higher 
in those over 60 years (19% and 25%, respectively). Furthermore, women less than 
40 years were less likely to be bothered by their symptoms, and older women were 
more likely to report moderate or severe/very severe symptoms [5]. The Health, 
Aging, and Body Composition Study shows that 21% of women 70–79 years old 
report at least weekly urinary incontinence. In this cohort, the rates of predomi-
nantly urgency incontinence were similar stress incontinence (42% urgency incon-
tinence, 40% stress incontinence) [14].

 Rates of Urinary Incontinence by Race or Ethnicity

NHANES data from 2001 to 2004 showed that the odds of stress urinary inconti-
nence were approximately 2.5 times higher in white and Mexican-American women 
than African American women when controlling for age, parity, BMI, and activity 
level with different prevalence of urinary incontinence based on race/ethnicity [4]. 
Updated NHANES 2005–2016 again reported that non-Hispanic Black women had 
the highest prevalence of urgency incontinence at 18% compared to 9% for other 
groups. This group also had the lowest prevalence of stress incontinence at 16% 
compared to 28% for other groups [5].

Reproductive Risks for Incontinence Study at Kaiser also reported that African 
American and Asian American women were less likely than Caucasian women to 
report urinary incontinence [10]. Studies also show that Caucasian women (41%) 
are more likely to report urinary incontinence than African American (31%) or 

C. S. Fok et al.
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Latina women (30%) but Latina women (9%) are less likely to report mixed incon-
tinence than African American (14%) or Caucasian (15%) women [15]. This differ-
ence in incontinence rates continues as women age with the Health, Aging, and 
Body Composition Study showing that in women 70–79  years old Caucasian 
women are twice as likely to report weekly incontinence than African American 
women (27% versus 14%) [14].

The Establishing the Prevalence of Incontinence (EPI) study from 2002 to 2004 
showed the overall prevalence of urinary incontinence in women in southeastern 
Michigan was 14.6% for African American women and 33.1% for Caucasian 
women. Although the number of leakage episodes did not differ between the groups, 
the quantity of urine loss was significantly higher in African American women. Half 
of the Caucasian women (50.1%) reporting incontinence reported losing a few 
drops, whereas half of African American women (50.6%) reporting incontinence 
reported losing urine to the point of wetting their underwear or pad. There was fur-
thermore a difference seen in the rates of stress incontinence and urgency inconti-
nence between the two groups but no difference in mixed urinary incontinence. 
Approximately 39.2% of Caucasian women reported stress incontinence compared 
to 25% of African American Women; in contrast, 23.8% of African American 
women reported urgency incontinence compared to 11% of Caucasian women [16].

The Hispanic Established Populations for the Epidemiologic Study of the Elderly 
(Hispanic EPESE) showed that 15% of Mexican American Women reported any 
symptoms of urinary incontinence within the last month. Those with incontinence 
did tend to be older, completed less formal education, and had higher acculturation 
rates. The women experiencing incontinence also tended to have more impact on 
their daily lives, prior use of estrogen, prior pregnancies, and more deliveries. In this 
population experiencing urinary incontinence, mixed urinary incontinence was 
most common (41.8%), followed by urgency incontinence (33.1%), and then stress 
incontinence (10%) [17].

Huang et al. reported that 70% of Asian American Women reported any urinary 
incontinence symptoms in the past 12  months. Approximately 27% report daily 
symptoms and 38% report weekly symptoms. Of those that report urinary inconti-
nence, there is an even number that report stress (27%) and urgency (25%) inconti-
nence [18].

 Risk Factors for Urinary Incontinence

There are multiple risk factors that may predispose a woman to urinary inconti-
nence. Risks factors such as age, race/ethnicity, pregnancy/delivery, family history, 
physical activity, smoking, and obesity are commonly implicated. Urinary inconti-
nence is also associated with pelvic floor disorders including prolapse, irritable 
bowel syndrome, prior pelvic surgery including hysterectomy, neurological ill-
nesses including multiple sclerosis, Parkinson’s illness, dementia, and other ill-
nesses such as diabetes and urinary tract infections.

1 Epidemiology, Definitions, and Cost of Incontinence in Women
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 Age

As noted above in the prevalence section, increasing age is a well-established and 
unfortunately non-modifiable risk factor for urinary incontinence. Age is associated 
with a higher prevalence of any urinary incontinence. Older women are also more 
likely to report more bothersome urinary incontinence, more severe urinary incon-
tinence, and urgency or mixed urinary incontinence symptoms [5, 7].

 Parity and Mode of Delivery

Blomquist et al. derived data from the Mother’s Outcome after Delivery (MOAD) 
study, a longitudinal cohort study of parous women, from October 2008 to December 
2013. Participants were recruited from a community hospital 5–10 years after their 
first delivery (index birth) and followed up annually for up to 9 years. Follow-up 
ended in April 2017. Among 1528 women (778 in the cesarean birth group, 565 in 
the spontaneous vaginal birth group, and 185 in the operative vaginal birth group), 
the median age at first delivery was 30.6 years, 1092 women (72%) were multipa-
rous at enrollment (2887 total deliveries), and the median age at enrollment was 
38.3 years. For spontaneous vaginal delivery, the 15-year cumulative incidences of 
SUI were 34.3% (95% CI, 29.9–38.6%) and OAB 21.8% (95% CI, 17.8–25.7%). 
Compared with spontaneous vaginal delivery, cesarean delivery was associated with 
a significantly lower hazard of SUI and OAB [19].

 Family History

Women with UI, including stress, urgency, and mixed UI, show familial aggrega-
tion. Studies of twins using a Danish population-based twin registry suggest that 
urgency and mixed UI have a significant genetic component [20]. Furthermore, a 
Swedish twin registry revealed the presence of a strong genetic risk for stress UI 
[21]. Genetic loci have been suggested for both urgency UI [22] and stress UI [23].

The Pelvic Floor Disorders Network published a genome-wide association study 
(GWAS) of 2241 cases of urgency UI and 776 controls from the Women’s Health 
Initiative that identified six loci associated with urgency UI [24]. Penney et al. per-
formed a GWAS using the Nurses’ Health Study (NHS) to identify genetic variants 
associated with the risk of UI [25]. They identified eight single nucleotide polymor-
phisms (SNPs) located on two loci, chromosome 8q23.3 and 1p32.2, that were sig-
nificantly associated with UI. For the UI subtypes, no SNP reached genome-wide 
significance. This GWAS provides initial evidence of genetic associations for UI 
and merits further research.

C. S. Fok et al.
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 Physical Activity

High-impact exercising is associated with an increased risk of urinary incontinence. 
This association is seen even in younger nulliparous women. The prevalence of 
urinary incontinence in nulliparous women who participate in high-impact exercis-
ing is 38.6% compared to women who do not, 19.9%, but is likely due to the increase 
in activity rather than causative and women should not be advised to avoid physical 
activity [26].

 Smoking

In the Nurses’ Health II Study (NHS II), current smoking appeared to increase fre-
quent or severe leaking urine by 20% and 34%, respectively [27]. Other studies have 
shown similar results. The SWAN study reported a 38% increased risk of moderate/
severe incontinence among current smokers relative to never smokers [28]. 
According to the Norwegian Epidemiology of Incontinence (EPINCONT) study, 
there was a 40% increased risk of severe incontinence in current smokers relative to 
never smokers among 27,936 women aged 20–64 years [29]. There are several rea-
sons why this might be the case. One may be the decrease in collagen production 
associated with smoking which in turn may weaken supporting structures and liga-
ments in the pelvic floor. Another may be the direct effects of a smoker’s cough 
which may damage the urethral sphincter. There are also other direct and indirect 
effects on the bladder and urethral function from other smoking-related comorbidi-
ties, including vascular disease, asthma, and COPD [30]. All women who smoke 
should be advised to quit given the negative impact on continence and multiple 
other health risks.

 Pelvic Surgery

Pelvic surgery impacts the pelvic floor in many different ways. Most epidemiologic 
studies use prior hysterectomy as proxy for prior pelvic surgery. There is not a clear 
relationship between urinary incontinence and prior hysterectomy. The Group 
Health Cooperative found that history of hysterectomy was associated with 
increased odds of not only having urinary incontinence (odds ratio 1.33, p = 0.004) 
but also having severe urinary incontinence (odds ratio 1.55, p = 0.002) [7]. This is 
contrasted to the Nurse’s Health study which did not find any relationship between 
the history of hysterectomy and urinary incontinence [9].

1 Epidemiology, Definitions, and Cost of Incontinence in Women
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 Comorbid Conditions

There are many comorbid conditions that may be associated with an increased risk 
of urinary incontinence.

 Obesity

It is well-established that obesity confers an increased risk of urinary incontinence 
[31]. Obesity is defined as ≥30 kg/m2, and the World Health Organization (WHO) 
estimates that 1.9 billion and 600 million adults >18 years of age are overweight and 
obese, respectively, throughout the world [32]. Etiologically, four factors associated 
with obesity are hypothesized to increase the risk of UI: increased abdominal fat, 
which increases intravesical pressure; urethral hypermobility and increased abdom-
inal pressure, which cause detrusor instability; and intervertebral disk herniation, 
which affects innervation of the bladder [33]. Urodynamic studies support the exis-
tence of these processes, having found that weight loss leads to a decrease of intra-
vesical pressure and an increase of cystometric capacity. In a study by Bulbuller 
et al., 120 obese females undergoing laparoscopic sleeve gastrectomy (LSG) were 
asked to complete the International Consultation on Incontinence Questionnaire- 
Urinary Incontinence-Short Form (ICIQ-UI-SF) and Incontinence Impact 
Questionnaire (IIQ-7) prior to surgery and 6 months after the surgery [34]. They 
found that of the 120 patients, 72 (60%) complained of UI preoperatively. Among 
these 72 patients, 23 (31.95%) described urge incontinence, 18 (25%) stress incon-
tinence, and 31 (43.05%) mixed-type incontinence. At 6 months postoperatively, the 
percentage of excess weight loss was 70.33% (SD =14.84%). For all three UI sub-
types, the 6-month postoperative ICIQ-UI-SF and IIQ-7 scores decreased signifi-
cantly compared to the preoperative scores (P < 0.05). Scores for the preoperative 
and postoperative ICIQ-UI-SF questionnaire are as follows: For UI, it was 8.76 and 
2.64; SI 8.77 and 2.57; and MI 10.58 and 3.74. Scores for the IIQ-7 questionnaire 
showed the following: For UI, it was 6.73 and 2.53; SI 7.10 and 2.27; and MI 7.68 
and 3.16. Hence, women who are overweight or obese can be counselled that weight 
loss will improve their UUI or SUI and should be encouraged to make this effort.

 Constipation

According to a meta-analysis of 16 observational studies with 35,629 participants 
and 6054 urinary incontinence patients, constipation is significantly associated with 
urinary incontinence risk in women, OR 2.46 (95% CI 1.79–3.38). However, further 
prospective studies are needed to clarify the causality [35]. Since constipation is a 
bothersome problem in and of itself providing women with advice to regulate their 
stool consistency will be of benefit.

C. S. Fok et al.
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 Pelvic Pain

Based on our clinical impression, one may expect to see a significant correlation 
between pelvic floor muscle pain (PFMP) and “irritative” voiding symptoms. 
However, in a study by Meister et al. which is an analysis of association between 
PFMP and urinary frequency as well urgency incontinence, there did not seem to be 
a correlation after controlling for postmenopausal status [36]. They hypothesized 
that further study with a longer urinary distress index questionnaire, which includes 
additional irritative symptoms, may be necessary to better address a correlation.

 Chronic Respiratory Disease

The presence of chronic lung disease (CLD) in women has been shown to be associ-
ated with urinary incontinence. This is even more pronounced in older women and 
is associated with more distress than their age-matched peers without CLD. A study 
by Button et al. prospectively observed women with cystic fibrosis (CF, n = 38), 
chronic obstructive pulmonary disease (COPD, n  =  27), and 69 healthy women 
without CLD [37]. The majority of women in all three groups reported episodes of 
incontinence (CF 71%; COPD 70%; healthy women 55%). Compared to age- 
matched healthy controls, women with CF reported more episodes of incontinence, 
more commonly stress incontinence. Furthermore, women with CLD were twice as 
likely to develop incontinence than healthy women.

 Diabetes Mellitus (DM)

The Group Health Cooperative found that DM is not a risk factor for urinary incon-
tinence but is a risk factor for having severe urinary incontinence (odds ratio 1.83, 
p = 0.01) [7].

The pathophysiology of how DM is related to urinary incontinence is that DM 
may increase the risk of UI as a result of detrusor overactivity [38].

 The Cost of Urinary Incontinence

Urinary incontinence can be costly to both an individual woman and society. There 
are direct costs and indirect costs. Direct costs are the costs directly related to man-
agement or treatment of a condition, such as in self-care products (e.g., inconti-
nence pads), medical care (e.g., diagnosis, treatment, testing, physical therapy), 
medication costs, and treatment of urinary incontinence associated complications 
(e.g., skin breakdown, falls). Indirect costs are the lost productivity and wages 
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associated with seeking care and treatment. In addition to the economic costs, many 
women also may experience pain, suffering, and decreased quality of life secondary 
to their urinary incontinence.

 Any Urinary Incontinence

Urinary incontinence is a common and expensive condition. The annual costs of 
urinary incontinence in the United States have been quoted as high as $19.5 billion 
a year. Of that cost, $4.2 billion a year for community-dwelling adults and $5.3 bil-
lion for institutionalized elderly [39]. United States’ expenditures for female uri-
nary incontinence in 2004 were estimated to be over $206 million and increased to 
$246 million in 2013 [40]. At one point, the national costs of urinary urgency incon-
tinence in the United States were estimated to be $65.9 in 2007 and were predicted 
to rise to $82.6 billion in 2020 [41]. The fact that the US adult incontinence market 
was estimated to be a $7.2 billion industry in 2015 has prompted the development 
and sales of many newer and reusable incontinence products [42].

The Diagnostic Aspects of Incontinence Study (DAISy) group reported in 2006 
that women with severe urinary incontinence may pay $900 annually for routine 
care. Costs include things such as incontinence products, toilet paper, paper towels, 
and laundry. This mean annual care for all women with incontinence of $494.12 a 
year is particularly significant as the reported annual income for most women in this 
survey was less than $100,000, with 53% under $40,000 [43].

Reproductive Risks for Incontinence Study at Kaiser found women were paying 
on average over $250 annually in out-of-pocket costs for urinary incontinence. 
Weekly costs ranged from $0.93 per week to $7.82 per week as the severity of 
incontinence went from moderate to severe. Costs increased for women who expe-
rienced mixed urinary incontinence, had more severe urinary incontinence, had 
higher body mass index, and were African-American [44].

 Stress Incontinence

Looking at nonsurgical treatments for stress incontinence, there was a cost- 
effectiveness analysis comparing pelvic floor therapy, a disposable incontinence 
tampon, a self-fitting pessary, or a provider-fitted incontinence pessary. This study 
found the most cost-effective nonsurgical treatment to be pelvic floor therapy [45].

The Stress Incontinence Surgical Efficacy (SISTEr) Trial from the Urinary 
Incontinence Treatment Network (UITN) looked at the cost of self-management 
strategies for women with stress incontinence and found women spent nearly $750 
annually in out-of-pocket costs for stress incontinence management. They also 
found that women were willing to pay $118 +/− $132 per month for complete reso-
lution of symptoms. Women with higher household incomes or more episodes of 
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urinary incontinence were willing to spend more [46]. Furthermore, the SISTEr 
Trial showed that on average the costs of self-management decrease by 72% ($625 
per woman per year) at 2 years after stress incontinence surgery [47].

 Urgency Incontinence

After behavioral modification and pelvic floor therapy, anticholinergic and beta- 
agonists are the next line in the treatment of urinary urgency incontinence. There are 
multiple medications available including generic medications. One study looking at 
the costs of medications to Medicare beneficiaries showed that from 2000 to 2015, 
women spent on average $168 a year on medications [48].

Urgency incontinence medication costs were compared to costs for percutaneous 
tibial nerve stimulation (PTNS), intravesical botulinum toxin injection, and sacral 
neuromodulation over a 24-month period. During this time frame, costs for patients 
that were started on medications and stayed on the medications were on average 
$1787. The mean costs rose to $6626 for those treated to PTNS, $7032 for those 
who went to combination mirabegron/antimuscarinics, $10,183 for onabotulinum-
toxinA, and $39, 952 for those who underwent sacral neuromodulation [49].

ROSETTA showed that for sacral neuromodulation the cumulative per person 
cost during the 2-year study period was $35,680 as compared to $7460 for intravesi-
cal botulinum toxin injection [50].

 Social Disparities in Female Pelvic Floor Disorders

When reading the existing literature on female pelvic floor disorders, one must be 
mindful of the social disparities that exist. There are differences in knowledge, 
health care access, and health care-seeking behaviors based on factors such as age, 
race/ethnicity, socioeconomic status, and location of residence. These disparities 
may impact the generalizability of some of the existing literature on female pelvic 
floor disorders.

The current literature shows that there are disparities in the knowledge, care- 
seeking behaviors, and treatment of women with pelvic floor disorders including 
urinary incontinence.

Several studies have shown that there are racial disparities that exist in women’s 
knowledge regarding risk factors and treatment options for urinary incontinence. 
One analysis of responses of community-dwelling adult women in Connecticut to 
the Prolapse and Incontinence Knowledge Questionnaire show that African 
American women were significantly less likely to recognize childbirth as a risk fac-
tor for urinary incontinence. Women of color were also significantly less likely to 
know about risk factors, preventative strategies, and curative treatment options for 
urinary incontinence [51].
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Study of Women’s Health Across the Nation (SWAN) study did not find racial or 
ethnic, socioeconomic, and education status as factors preventing midlife women 
from seeking treatment of urinary incontinence. In this study, the duration of symp-
toms and having regular medical care were the factors that were more significantly 
associated with seeking treatment [52].

Analysis of the NHANES data from 2005 to 2016 showed that the odds of self- 
reported urgency incontinence symptoms increased with lower socioeconomic sta-
tus [53].

A retrospective study examining pelvic floor therapy attendance rates at an urban 
tertiary care center showed that Latina women tended to be less likely to initiate or 
complete pelvic floor therapy than those who did not identify as Latina [54].

One study looked at the use of sacral neuromodulation among Medicare benefi-
ciaries from 2001 through 2010 and found that during this period those that under-
went implantation were more likely female, White, under the age of 65, and lived 
outside the western United States [55].

Anger et al. found that in female Medicare beneficiaries, there are differences in 
the diagnosis of stress incontinence, likelihood of undergoing sling surgery, and 
postoperative complications of sling surgery based on race. From 1999 to 2001, 
Caucasian women were more likely to be given a diagnosis of stress incontinence 
than non-Caucasian women. During this time, Caucasian and Latina women were 
much more likely to undergo sling surgery than African American or Asian American 
women; however, non-Caucasian women were twice as likely to have postoperative 
complications after sling surgery. Non-Caucasian women were statistically more 
likely to have non-urologic complications, pelvic organ prolapse, and urinary 
obstruction than Caucasian women during the first year after sling surgery. This 
trend was also seen in the diagnosis of urgency incontinence or repeat incontinence 
procedure but did not reach statistical significance [56]. Stanford University looked 
at complication rates of women who underwent outpatient urethral sling placement 
from 2005 to 2011. This study found that women who had at least one unplanned 
hospital visit during the first 30 days after surgery were more likely to be African 
American and have Medicaid insurance [57].

 Conclusion

Urinary incontinence is a common problem that many women experience. The 
prevalence of urinary incontinence is influenced by many factors including age, 
race/ethnicity, family history, and other comorbidities. The costs of urinary inconti-
nence for each individual woman may be variable, but there is a significantly high 
overall societal cost. Health disparities influence the treatment and care of women 
who suffer from urinary incontinence.
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• To describe the normal anatomy of the female pelvis and perineum
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 Introduction

It is essential to have accurate working knowledge and understanding of the normal 
anatomy and physiology of the lower urogenital tract and female pelvis. This sup-
ports the diagnosis, differential diagnosis, formulation of a management plan, and 
understanding of conditions affecting the female genitourinary tract and pelvic floor 
that contribute to urinary incontinence. McGuire recognised that not all stress uri-
nary incontinence was related to problems with urethral support (hypermobility 
incontinence) and described the Valsalva leak point pressure in urodynamic evalua-
tion to aid differentiation between hypermobility and intrinsic sphincter deficiency 
[1]. His work surrounding the loss of the urethro-vesical angle in women with 
hypermobility stress incontinence also aided this differentiation. Measurement of 
intraurethral pressure and abdominal pressure during coughing helped to under-
stand that one of the mechanisms of hypermobility stress urinary incontinence was 
urinary leakage when raised intraabdominal pressure was transferred to the urethra 
as well as the bladder due to this loss of normal urethro-vesical angle [2]. 
Incontinence in women can be stress and/or urgency or continuous from fistula, 
congenital ectopic ureters, or overflow. Causes can be divided into anatomical 
causes, neurological causes, idiopathic, iatrogenic (post-surgery and/or post- 
radiotherapy) and obstetric. The integral theory of Petros encompasses the ham-
mock theory from Delancey and others to explain the multifactorial causes for 
urinary incontinence in women [3]. The integral theory states that ‘prolapse and 
most pelvic floor symptoms such as urinary stress leakage, urge leakage, abnormal 
bowel, and bladder emptying mainly arise from laxity in the vagina and its support-
ing ligaments’ [3]. Ligamentous strength is reliant on oestrogen and postmeno-
pausal women may suffer from ligamentous laxity that responds to hormone 
replacement therapy. Hormonal changes during pregnancy are also important. From 
3 months gestation, hormonal changes affect the type and amount of collagen pro-
duced with a resultant increase in ligament laxity and weakness. Although the hor-
monal changes of pregnancy resolve post-partum, the ligamentous weakness and 
laxity remain. Because the pelvic floor muscles are interlinked with the ligaments of 
the pelvis, laxity in the pelvic ligaments also adversely affects muscular strength 
and coaptation and can result in reduced urinary or faecal continence [3]. The 
importance of the uterus as a central anchoring point must also not be underesti-
mated, and loss of this central support following hysterectomy often leads to pelvic 
floor weakness with subsequent development of urinary incontinence or pelvic 
organ prolapse. The perineal body, despite measuring only 4 cm, provides strength 
and central support between the posterior vagina and rectum. It is often stretched 
and weakened during vaginal delivery. Whilst Caesarean section eliminates the 
physical musculoskeletal stretching and trauma of vaginal childbirth on the pelvic 
floor, the hormonal changes that lead to connective tissue weakness during preg-
nancy and after birth remain and will still influence continence and pelvic floor 
support. Maximal urethral closure pressure has been found to be 42% lower in 
women with stress incontinence compared to those without [4].

This chapter is presented in sections: the physiology of voiding, the bony pelvis 
and ligaments, the pelvic sidewall, the perineum, the pelvic floor, the lower urinary 
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tract and reproductive organs, the levels of uterine support, and the blood supply, 
lymphatics, and nerve supply of the female pelvis. Urinary continence relies on 
intact and co-ordinated interrelationships between all the above. Where possible, 
the clinical relevance of anatomical and/or physiological pathology leading to uri-
nary incontinence has been emphasised to aid understanding of both the patho-
physiology and management.

 Definitions

 1. The perineum is the diamond-shaped area below the pelvis. The urethra, the 
vagina, the rectum, and the anus in women pass through it to their sites of 
termination.

 2. The pelvis is a basin-shaped bony structure below the abdomen and above the 
perineum and lower limbs that connects the spine to the lower limbs. The pelvic 
organs, muscles, nerves, lymphatics, and vasculature are contained within it.

 3. The pelvic floor is a funnel-like sheet of muscle made up of four main muscles 
that aids directly with pelvic organ support and indirectly with abdominal organ 
support. It is pierced by, and aids in the control of the rectum, vagina, and ure-
thra. It separates the pelvic cavity from the perineum.

 4. The superficial perineal pouch is the space inferior to the perineal membrane and 
superior to the superficial perineal fascia (of Colles). It contains the ischiocaver-
nosus, bulbospongiosus and superficial transverse perineal muscles.

 5. The deep perineal pouch is the space inferior to the deep pelvic floor fascia and 
superior to the perineal membrane. It contains the deep transverse perineal mus-
cles and the compressor urethrae.

 6. A modified Martius labial fat pad flap (MMLFPF) is an interposition flap loosely 
based upon the bulbospongiosus flap described by Martius. It is harvested on a 
vascular pedicle from the fatty tissue within the labia majora and used to aug-
ment healing and improve local tissue quality following vaginal and urethral 
surgery.

 7. The fistula is an abnormal connection between two epithelial surfaces most com-
monly between the vagina and the bladder, i.e. a vesico-vaginal fistula.

 8. The stress urinary incontinence (SUI) classification (as defined by Blaivas and 
Olsson) is based on videourodynamic (VUDS) findings and assesses the position 
of the bladder neck at rest and with cough relative to the inferior margin of the 
pubic symphysis (IMPS).

Type 0 – a history of SUI but no SUI demonstrated on VUDS
Type I  – less than 2  cm descent of bladder neck on cough or strain with 

SUI. Well supported bladder neck at rest
Type IIa – >2 cm descent of the bladder neck on cough or strain with SUI 

Well supported bladder neck at rest
Type IIb – abnormally low resting position of the bladder neck (below the 

level of the IMPS) with SUI demonstrated on cough or strain
Type III – normal resting position of the bladder neck with an open bladder 

neck and SUI at rest (intrinsic sphincter deficiency) [5]
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 Physiology of Voiding

Normal voiding is defined as a ‘voluntary continuous detrusor contraction that leads 
to complete bladder emptying within a normal time span, in the absence of obstruc-
tion’ [6]. During voiding, it has been demonstrated that there is a fall in urethral 
pressure through active relaxation of the urethra prior to any rise in detrusor pres-
sure, which allows for a coordinated void.

The normal bladder stores urine at low pressure and empties volitionally when 
socially acceptable. This involves a complex and delicate interplay between the 
autonomic nervous system and higher control centres.

During the storage phase, sympathetic stimulation from the thoracolumbar spine 
causes relaxation of the detrusor muscle via B3 receptor mediation and co-ordinated 
bladder neck contraction via alpha-1 receptors mediation, with noradrenaline as the 
neurotransmitter.

During the voiding phase, preganglionic parasympathetic nerves originating 
from the S2-S4 segments of the spinal cord cause contraction of the detrusor muscle 
consequent to release of acetylcholine from postganglionic parasympathetic neu-
rons via the activation of M3 muscarinic channels (which are G-coupled receptors 
resulting in increased calcium, calmodulin interaction, and consequent increases in 
myosin light chain kinase). Parasympathetic stimulation additionally reduces ure-
thral sphincter tone via nitric oxide release.

Somatic innervation, via Onuf’s nucleus (located in the anterior horn of the 
sacral spinal cord), from the pudendal nerve stimulates contraction of the external 
urethral sphincter via nicotinic receptors with acetylcholine as the 
neurotransmitter.

At a higher level, the pontine micturition centre is responsible for the coordina-
tion of micturition, receiving signals when the bladder is full via stretch receptors in 
the bladder and sending stimulatory signals via the parasympathetic system to the 
bladder and inhibitory signals via the somatic system to the external urethral sphinc-
ter to stimulate a coordinated void. The pontine micturition centre also receives 
signals from the prefrontal cortex, the thalamus, the pons, and the medulla.

In neurological conditions, such as following a cerebrovascular accident (CVA 
or stroke), affecting the frontal cortex, social incontinence may occur due to disin-
hibition and inability to override the need to void and defer until a socially conve-
nient time. In spinal cord lesions, depending on the level, reflex voiding can occur 
if the distal autonomous spinal cord remains intact. In a complete spinal injury, this 
can lead to discoordination of voiding with resultant detrusor sphincter dyssynergia 
such that the bladder contracts against a closed urethral sphincter leading to high 
bladder pressure and a risk of renal failure consequent to impaired ureteric drainage 
and transmission of the high bladder pressures to the kidneys. Other neurological 
conditions such as multiple sclerosis and Parkinson’s disease can present with a 
spectrum of bladder and bowel dysfunction, but most commonly present with neu-
rogenic detrusor overactivity associated urgency incontinence. Detrusor overactiv-
ity is the urodynamic finding of contraction of the detrusor during the bladder filling 
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phase in association with symptoms of urgency and /or urgency incontinence. 
Where the generated detrusor pressure is greater than the urethral sphincter tone and 
pressure, there will be urinary leakage.

 Bony Pelvis and Pelvic Ligaments

Loss of urethral and bladder neck support was first hypothesised as a cause for 
stress urinary incontinence in 1922 by Bonney [7]. There is a need for physical sup-
port of the pelvic organs, and the importance of the uterus to provide an anchoring 
point for ligaments has been highlighted. The hormonal changes of pregnancy and 
following menopause adversely affect collagen composition and strength of liga-
ments, which in turn reduces the effectiveness of muscular contraction against the 
ligaments. Bony pelvis dimensions may also impact continence, with women with 
stress incontinence reported having sub-pubic angles 2.3–3 degrees wider than age- 
matched continent women [8].

 The Pelvic Bones

The bones of the female pelvis are lighter and thinner than those of the male pelvis 
(Figs. 2.1 and 2.2). The fused innominate bones: the ischium, the ilium, and the 
pubis form the acetabulum and the anterolateral bony pelvis, whilst the sacrum and 
coccyx bones form the posterior aspect of the bony pelvis (Figs. 2.1 and 2.2). In the 
female pelvis, there is a wider angle of the pubic arch and a shallower sacral curve 
than in the male pelvis, which produce a larger pelvic inlet and outlet to facilitate 
vaginal childbirth. It is possible to palpate the iliac crest, pubic tubercle, and ischial 
tuberosity during clinical examination of the vagina and perineum (Fig. 2.4).

When standing, the pelvic inlet is tilted anteriorly and is bounded by the superior 
border of the pubic symphysis, the posterior border of the pubic crest, the arcuate 
line of the ilium, the anterior border of the ala of the sacrum, and the sacral promon-
tory (Fig. 2.1). The pelvic outlet boundaries are the tip of the coccyx, the ischial 
tuberosity and the sacrotuberous ligaments, the inferior ramus of the pubis, and the 
inferior margin of the pubic symphysis. (Figs. 2.1, 2.2, and 2.4). Five fused verte-
brae form the sacrum which contains eight foramina (four on each side) for the 
paired sacral nerves (S1, 2, 3, and 4) (Fig. 2.9).

The pubic symphysis is a cartilaginous joint cranial to the external genitalia and 
is the site of articulation of the two pubic bones. The superior ramus of each pubic 
bone forms the superior aspect of the obturator foramen. The inferior aspect of the 
obturator foramen is formed by the union of the inferior ramus of the pubic bone 
and ischial bone to form the ischiopubic ramus.

The bony pelvis is divided into the greater pelvis (or ‘false pelvis’ so termed as 
it is part of abdominal cavity) and the lesser pelvis (or true pelvis). The greater pel-
vis is incomplete anteriorly, bounded laterally by the ilium and posteriorly by the 
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base of the sacrum. The lesser (true) pelvis contains the pelvic inlet and sits behind 
the pelvic brim. It is bounded by the sacrum and coccyx posteriorly, the inner sur-
faces of the ilium and the ischium anterolaterally, and the pubic symphysis anteri-
orly (Figs. 2.1, 2.2, and 2.4).

 Pelvic Ligaments Figs. 2.1 and 2.4

Ligaments are bands of connective tissue that hold bones together to allow joint 
articulation or support internal organs. The ligaments of the pelvis include:

 1. The Sacrospinous ligaments which attach the sacrum to the ischial spine 
bilaterally.

 2. The Sacrotuberous ligaments which attach the sacrum to the ischial tuberosity 
bilaterally.
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 3. The Inguinal ligaments (Poupart’s ligaments) which extend from the anterior 
superior iliac spine to the pubic tubercle bilaterally and mark the transition from 
the pelvis into the lower limb.

 4. The Lacunar ligaments which are moon shaped and extend from the medial 
inguinal ligament to the pubic tubercle on each side.

 5. The Sacroiliac ligaments which have an anterior and posterior part and extend 
from the sacrum to the iliac bone across the sacroiliac joints on each side.

 6. The Obturator ligaments which cross superior to the obturator membrane 
bilaterally.

The collagen-based connective tissue of these ligaments responds to changes in 
oestrogen and progesterone. Oestrogen maintains the strength of ligamentous col-
lagen, and hence, ligamentous weakness can be seen in postmenopausal women. 
Ligamentous weakness can also be seen (although less commonly) in nulliparous 
women due to congenital connective tissue weakness and collagen disorders [3]. 
Hysterectomy as well as causing loss of central physical support may also reduce 
the blood supply to the cardinal and uterosacral ligaments, causing additional liga-
mentous weakness consequent to ischaemic change.

The greater and lesser sciatic notches are on the posterior aspect of the ischium 
separated by the ischial spine. The sacrotuberous and sacrospinous ligaments tra-
verse these notches to create the greater and lesser sciatic foramina. The sacrospi-
nous ligament can be palpated vaginally, and in sacrospinous fixation operations for 
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the treatment of vaginal prolapse, the vaginal wall is sutured to this ligament to 
provide support (Fig. 2.4).

The arcus tendinous fascia pelvis is a strong band of connective tissue attaching 
the ischium above the ischial spine to the lower part of the pubic bone.

 Pelvic Foramina

The greater sciatic notch is a notch in the posterior aspect of the bony pelvis inferior 
to the posterior superior iliac spine and the superior to the ischial spine. The notch 
is converted to the greater sciatic foramen by the crossing sacrospinous and sacro-
tuberous ligaments. All neurovascular structures travelling into and out of the pelvis 
must pass through it. It contains the piriformis muscle. The superior gluteal nerve 
(from L4-S1 nerve roots of the sacral plexus) and vessels exit the pelvis into the 
gluteal region above the piriformis muscle through the greater sciatic foramen. The 
inferior gluteal nerve (from L5-S2 nerve roots of the sacral plexus) and vessels, the 
sciatic nerve (from nerve roots L4-S3), the posterior femoral cutaneous nerve (from 
nerve roots S1-3), and the nerve to quadratus femoris (from nerve roots L4-S1) exit 
the pelvis into the gluteal region or the lower limb, below the piriformis muscle, 
through the greater sciatic foramen (Fig. 2.2). The nerve to obturator internus (from 
nerve roots L5-S2) and the pudendal nerve (from nerve roots S2-4) and internal 
pudendal vessels also exit the pelvis through the greater sciatic foramen to curl 
around the sacrospinous ligament at the level of the ischial spine and enter the 
perineum via the lesser sciatic foramen.

The lesser sciatic notch is a small notch inferior to the ischial spine on the poste-
rior aspect of the bony pelvis (Fig. 2.2). It is converted into the lesser sciatic fora-
men by the crossed paths of the sacrospinous and sacrotuberous ligaments. It 
contains the tendon of the obturator internus muscle and is the entry and exit point 
to the perineum. The nerve to the obturator internus muscle (from nerve roots L5 to 
S2) along with the internal pudendal vessels and the pudendal nerve (from the nerve 
roots S2-S4) enter the perineum via the lesser sciatic foramen.

The pudendal nerve passes between the piriformis and coccygeus muscles 
(Figs.  2.2, 2.4, and 2.9) into the pelvis via the greater sciatic foramen and then 
crosses around the sacrospinous ligament to enter the perineum via the lesser sciatic 
foramen. It travels in Alcock’s (pudendal) canal anteriorly along the lateral wall of 
the ischiorectal fossa alongside the internal pudendal artery and vein. Alcock’s 
canal is a sheath of thickened obturator internus fascia. Immediately before entering 
or on entering Alcock’s canal, the pudendal nerve branches to give off the inferior 
rectal nerve (from nerve roots S2-4) (Fig.  2.4). It then branches at the posterior 
border of the perineal membrane into the perineal nerve and the dorsal nerve of the 
clitoris. The perineal nerve branches to form a superficial (cutaneous) and a deep 
(muscular) perineal nerve which innervate the striated muscles of the superficial and 
deep perineal pouches, the lower vagina, and the labia. The dorsal nerve of the cli-
toris provides sensory innervation and is essential for normal sexual function 
(Fig. 2.4).
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The pudendal nerve and the internal pudendal vessels are the main perineal neu-
rovascular supply (described further in the section on the female perineum). The 
pudendal nerve innervates the external striated (voluntary) urethral sphincter, and 
pudendal nerve damage can lead to sensory loss in the labia and clitoris as well as 
faecal and urinary incontinence. The pudendal nerve is particularly at-risk during 
vaginal childbirth and, less commonly, in professional cycling. It is possible to per-
form a pudendal nerve block with transvaginal local anaesthetic injection into the 
region of the ischial spine during labour if needed for pain relief.

The obturator nerve (from nerve roots L2-4) and vessels exit the pelvis into the 
medial compartment of the thigh via the obturator canal which is situated in the 
superomedial aspect of the obturator foramen. An accessory obturator nerve (nerve 
roots L3 and L4) exits the pelvis via the mid-lateral aspect of the obturator foramen 
in 25% of people. The obturator foramen is the site of trocar passage when perform-
ing a transobturator mid-urethral sling for SUI. Care should be taken to puncture the 
obturator membrane as medial as possible to avoid the obturator nerve and vessels 
and the accessory obturator nerve. The obturator nerve is also at risk of inadvertent 
stimulation during endoscopic bladder tumour resection, especially with lateral wall 
tumours. Stimulation can cause an unexpected powerful thigh adduction (the obtu-
rator kick) which risks inadvertent bladder perforation (Fig. 2.8).

 Pelvic Side Walls

 The Muscles of the Pelvic Side Wall (Table 2.1)

The body and rami of the pubic bones along with the pubic symphysis form the 
anterior pelvic wall. The obturator internus muscle and the lesser sciatic foramen 
form the lateral pelvic wall. The sacrum, the ilium, and the sacroiliac joints form the 
posterior pelvic wall. The piriformis muscle lies posterolaterally and exits the pelvis 
via the greater sciatic foramen to insert into the femur. The sacral plexus and the 
internal iliac vessels pass medial to the piriformis muscle. The piriformis muscle 
originates on the anterior surface of the sacrum and the gluteal surface of the ilium 
and inserts into the greater trochanter of the femur. It acts as a lateral (external) rota-
tor of the extended hip and an abductor of the flexed hip. Its innervation is by the 
nerve to piriformis (sacral plexus roots S1-2). The obturator internus muscle origi-
nates on the inner (pelvic) aspect of the obturator membrane and the adjacent infe-
rior margin of the superior pubic ramus and inserts into the greater trochanter of the 
femur. Its tendon exits the perineum into the thigh via the lesser sciatic foramen. It 
acts as a lateral rotator of the extended hip and abductor of the flexed hip. Its inner-
vation is from the nerve to the obturator internus (nerve roots L5, S1, and S2). The 
coccygeus muscle originates on the ischial spine and inserts into the inferior sacrum 
and the coccyx. It acts to support the pelvic organs and flex the coccyx. Its innerva-
tion is from the anterior roots of the S4 and S5.
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The endopelvic fascia covers the internal aspect of the pelvic side wall. It forms 
a strong fascial sheet that blankets both the piriformis and obturator internus mus-
cles. Internal to this fascia are the pelvis vessels, and external to it are the spinal 
nerves. The sacral plexus overlies the piriformis muscle (and is discussed in more 
detail in the section on nerve supply).

 The Pelvic Floor

The pelvic floor (also known as the pelvic diaphragm) is the funnel-shaped muscu-
lar floor of the pelvic cavity. It is composed of the levator ani muscles (nerve supply 
anterior root of S4 and branches from the pudendal nerve S2, 3, and 4), the coccyg-
eus muscles (nerve supply from the anterior roots of S3 and S4), the perineal mem-
brane, and deep transverse perineal muscles within the deep perineal pouch.

Table 2.1 Muscles of the pelvic floor and walls

Muscle Origin Insertion Action
Nerve 
supply Blood supply

Obturator 
internus

Obturator 
membrane and 
ipsilateral 
inferior ramus 
of the pubis and 
the ischium

Medial surface 
of greater 
trochanter of 
femur

Lateral 
femoral 
rotation at the 
hip

Nerve to 
obturator 
internus, 
L5, S1

Superior gluteal 
artery

Piriformis Anterior sacrum Medial superior 
border greater 
trochanter of 
femur

Lateral 
femoral 
rotation at the 
hip

L5, S1, S2 Superior and 
inferior gluteal 
and internal 
pudendal arteries 
with 
corresponding 
veins.

Levator ani Ischial spine
Body of pubis
Obturator 
internus 
fascia – 
tendineus arch

Perineal body, 
perineal 
membrane
Anococcygeal 
body
Walls of vagina, 
rectum and anal 
canal

Pelvic organ 
support, 
sphincter to 
anorectal 
junction and 
vagina
Counteracts 
increased 
abdominal 
pressure

Pudendal 
nerve 
(S2-4)
4th sacral 
nerve

Inferior gluteal 
artery, inferior 
vesical artery, 
pudendal artery. 
Corresponding 
veins and 
lymphatics

Coccygeus Ischial spine
Sacrospinous 
ligament

Inferior sacrum 
and coccyx

Pelvic organ 
support
Coccygeal 
flexion

4th and 
5th sacral 
nerves

Inferior vesical, 
inferior gluteal 
and pudendal 
arteries with 
corresponding 
veins and 
lymphatics
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 The Pelvic Diaphragm Muscles (Figs. 2.2 and 2.4)

The pelvic diaphragm forms the floor of the pelvic cavity and the roof of the 
perineum. It is composed of the levator ani muscles anteriorly and the coccygeus 
muscle posteriorly. Levator ani has three parts: (1) puborectalis, which is a U-shaped 
sling of muscle originating and inserting into the pubic bones that passes around the 
anorectal junction; (2) pubococcygeus, which originates from the inner aspect of the 
pubic bones and inserts into the coccyx; and (3) iliococcygeus, which arises from 
the arcus tendineus of the obturator fascia and inserts into the coccyx.

The pelvic diaphragm is attached proximally to the body of the pubic bone, the 
arcus tendineus of the obturator fascia, and the ischial spine. Distally, it is attached 
to the perineal body (a midline fibromuscular raphe), the anococcygeal body, the 
coccyx, the anococcygeal ligament, the walls of the vagina, the walls of the rectum, 
and the walls of the anal canal. The levator ani mainly acts to support and stabilises 
the pelvic (and by default the abdominal) organs. It does have a secondary sphinc-
teric action by maintaining the angle of the anorectal junction and of the angulation 
of the proximal vagina and urethra relative to the mid and distal vagina and urethra. 
This action is particularly important at times of increased abdominal pressure or 
straining such as during vaginal childbirth or defecation.

The perineal body is a pyramidal midline fibromuscular structure sited at the 
junction between the posterior anorectal perineal triangle and the anterior urogenital 
perineal triangle (Refer to the section on the Perineum). It provides a central attach-
ment for the muscles and supports of the pelvic floor and perineum. Damage to the 
perineal body, particularly a risk during vaginal childbirth, may contribute to pelvic 
organ prolapse (POP), urinary, and faecal incontinence. The pelvic ligaments are 
only able to provide unaided pelvic organ support for short periods. Long-term pel-
vic organ support is dependent upon the interaction between the pelvic musculature 
and the ligamentous attachments.

The levator ani is covered by a tough sheet of fascia  – the endopelvic fascia 
which is composed of a mesh-like group of collagen fibres interlaced with elastin, 
smooth muscle cells, and blood vessels. This is contiguous with the transversalis 
fascia of the abdominal wall. The endopelvic fascia lies immediately above the leva-
tor ani and attaches to the ischial spine, the arcus tendineus, the ileopectineal 
(Cooper’s) ligament, and the arcuate line (from the sacral promontory to the pectin-
eal line on the pubic bone).

The area of the endopelvic fascia that attaches the uterus to the pelvic side wall 
is the parametrium. The intermediate layer of the parametrium is condensed at the 
level of the cervix to form the cardinal and uterosacral ligaments. The endopelvic 
fascia continues down to form a sheet attaching the proximal vagina to the pelvic 
sidewalls – the paracolpium [9]. Delancey described three levels of utero-vaginal 
support [1].

Level I is the support from the parametrium, the cardinal ligaments, the uterosac-
ral ligaments, the pubocervical ligaments, and the paracolpium, which suspend the 
cervix and superior vagina to the pelvic walls.
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Level II is the support from the paracolpium, which suspends and fixes the mid 
vagina directly to pelvic side walls laterally and to the levator ani muscles posteri-
orly. The pubocervical fascia supports the bladder and merges with the endopelvic 
fascia and the anterior vaginal wall. The posterior vaginal wall merges with the 
endopelvic fascia to support the rectum and aids in the prevention of posterior vagi-
nal wall prolapse.

Level III support is from the attachment of the distal vagina laterally to the leva-
tor ani, anteriorly to the urethra and posteriorly to the perineal body. The perineal 
body, in turn, is connected to the perineal membrane laterally on both sides of the 
pelvis and aids in support and stabilisation of the distal vagina [9].

The fascia of the pelvis is in continuity with the retroperitoneal fascia and has 
three layers referred to as strata; the endopelvic fascia represents the outer strata. 
The intermediate strata contain neurovascular elements within a fatty layer and 
require definitive mobilisation to access the pelvic organs. The intermediate strata 
of the fascia of the pelvis condense to form stronger ligamentous attachments to 
support the pelvic organs. These include the posterior and lateral vesical, the utero-
sacral, and the cardinal ligaments. The inner stratum of the pelvic fascia lies deep to 
the peritoneum and covers the bladder dome and anterior rectum. The urethra and 
vagina pass through the levator ani at the urogenital hiatus, which is the weakest 
area of the anterior pelvic diaphragm, and then pass through the deep perineal pouch 
before exiting into the perineum (Figs. 2.2, 2.4, and 2.5). The urogenital hiatus is 
supported anteriorly by the levator ani and the pubic bones and posteriorly by the 
external anal sphincter and perineal body [9]. The resting levator ani muscle tone in 
normal situations maintains closure of the urogenital hiatus by pulling the urethra, 
vagina, and rectum towards the pubic bone. If levator muscle damage and weakness 
occur (such as after vaginal childbirth), it is no longer possible to close the urogeni-
tal hiatus in this manner, and the connective tissue of the supportive fascia eventu-
ally fails and prolapses, and/or urinary or faecal incontinence develops [9].

 Uterine Support (Figs. 2.1 and 2.3)

Uterine supports not only need to be strong to maintain the position of the uterus 
but also require the ability to expand during pregnancy. There are several levels of 
uterine support, and it follows that after a hysterectomy and disruption of this sup-
port, there is a risk of vaginal vault prolapse. Connective tissue surrounds all the 
pelvic organs, and in some areas, this has increased in density to form additional 
fibromuscular ligaments for support. This connective tissue is continuous with the 
extraperitoneal components of the abdominal wall but is separated from the ischio-
rectal fossa below by the levator ani muscles and pelvic fascia.

The broad ligament is a double layer of the peritoneum and folds as a sheet over 
the body of the uterus running laterally to attach the uterus to the pelvic sidewall. 
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The fallopian tubes run in the upper border of the fold of the broad ligament. The 
broad ligament is a protective layer for the female pelvic organs. Between the layers 
of the broad ligament (the parametrium) lie the suspensory ligaments of the ovaries, 
the round ligament of the uterus, uterine and ovarian vessels, and lymphatics. The 
suspensory ligament of the ovary attaches the medial aspect of the ovary to the 
uterus at the junction between the uterus and the fallopian tube. It contains the ovar-
ian vessels and lymphatics.

The round ligament of the uterus is a continuation of the ovarian ligament. It runs 
from the ovary and uterus to the pelvic brim, enters the deep inguinal ring at the 
midpoint of the inguinal ligament, travels through the inguinal canal, and terminates 
in the subcutaneous tissues of the labia majora. It is the gubernacular remnant.

Most of the support for the uterus comes from three sets of ligaments, the cardi-
nal, the pubocervical, and the uterosacral ligaments. The cardinal (or transverse 
cervical) ligaments are fan-shaped fibro-muscular ligaments that run from the cer-
vix and vaginal vault to the lateral walls of the pelvis. They are found within the 
inferior section of the broad ligament providing lateral support to the cervix. The 
uterosacral ligaments pass posteriorly from the sides of the cervix to the middle of 
the sacrum and the fascia overlying piriformis. They provide posterior tension and 
are palpable on rectal examination as they run either side of the rectum. When 
standing erect they are vertical in position. The pubocervical ligaments are attached 
between the pubic symphysis to the cervix and bladder anteriorly. Laterally, the 
bladder is supported by the visceral pelvic fascia.
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Fig. 2.3 Cross section a pelvis demonstrating three levels of vaginal and uterine support
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 The Perineum

The perineum lies below the pelvis and is divided into two unequal triangles by a 
transverse line joining the anterior aspects of the tips of the ischial tuberosities, the 
larger posterior anal triangle and the smaller anterior urogenital triangle. The anal 
triangle contains the anus whilst the urogenital triangle contains the external genita-
lia in women (Fig. 2.4 and Box 2.1).

Deep Anterior

Pubic symphysis

Superficial

Clitoris

Urethra

Perineal
membrane

Vagina

Ischiocavernosus
muscle

Labia – minora – inner
majora – outer

Fourchette

Posterior commissure

Superficial transverse
perineal muscle

External anal sphincter

Ischioanal fossa

Levator ani

Sacrospinous
ligament

Perineal body

Anus

Coccyx

Posterior

Piriformis

Coccygeus

Anal triangle
Levator ani

Inferior rectal
nerve

Deep transverse
perineal muscle

Pudendal nerve

Bulb of vestibule

Bulbospongiosus

Perineal nerve

Ischiocavenosus

Crus of clitoris

Urogenital
triangle

Dorsal nerve of
clitoris

Fig. 2.4 Transverse diagram of female pelvis with deep (left) and superficial (right) structures

Box 2.1: The Muscles of the Female Perineum Fig. 2.4
The muscles of the female urogenital triangle are all innervated by the peri-
neal branch of the pudendal nerve (S2, 3, and 4) and obtain their blood supply 
from the internal pudendal artery, a branch of the anterior division of the 
internal iliac artery:

 1. The superficial transverse perineal muscles lie below (or superficial) to 
the perineal membrane. They originate from the ischial tuberosity on each 
side and insert onto and support the perineal body.

 2. The deep transverse perineal muscles lie above (or deep) to the perineal 
membrane. They originate on the ischial tuberosity and ramus and insert 
into the perineal body providing additional support.

 3. The bulbospongiosus muscles act as the vaginal sphincter and support 
erection of the clitoris (dorsal arterial branch to clitoris). They originate 
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 The Deep Perineal Pouch, the Perineal Membrane, and the Perineal Body 
(Figs. 2.2 and 2.4)

The deep perineal pouch (DPP) lies inferior to the pelvic floor and superior to the 
perineal membrane. The vagina and the urethra perforate and pass through the 
DPP. It contains the muscles that support and close the urethra – the external sphinc-
ter muscle, the sphincter urethrovaginalis (which surrounds and supports the urethra 
and the vagina), and the compressor urethrae. Immediately inferior to it is the peri-
neal membrane, which is a triangular-shaped thickened fascia which covers the uro-
genital triangle at the level of the hymen, and which is attached laterally to the pubic 
arch. It is an important support structure for the pelvic floor and has a hiatus through 
which the urethra and vagina pass into the perineum. It also provides support for the 
attachment of the external genitalia and the muscles of the superficial perineal 
pouch (SPP). The perineal membrane attaches the ‘urethra, vagina, and perineal 
body to the ischiopubic rami’ [9]. The perineal membrane has a posterior free edge 
at the level of a line between the ischial tuberosities. The perineal body (PB) is sited 
midway along this posterior free edge. The deep transverse perineal muscles are 
small paired muscles which originate from the ischial tuberosities (above the peri-
neal membrane) and run horizontally within the DPP to insert into the perineal 
body. Their action is to stabilise the perineal body (see Box 2.1). The perineal body 
sits at the junction between the anterior urogenital triangle and the posterior anal 
triangle and is the site of insertion of many of the muscles of the pelvic floor and 
perineum and is thus a significant pelvic floor and perineal support structure. 
Damage to and consequent laxity of the perineal body and associated supports fol-
lowing vaginal childbirth can lead to pelvic organ prolapse.

 Superficial Perineal Pouch (Figs. 2.2, 2.4, and 2.5)

The superficial perineal pouch lies inferior to the perineal membrane and superior 
to the superficial perineal fascia (of Colles). It contains the superficial transverse 
perineal muscles, the bulbospongiosus muscles, and the ischiocavernosus mus-
cles. The superficial perineal muscles are small paired muscles originating from 

from the perineal body in women and inserts into the fascia of the bulbs of 
the vestibule and the aponeurosis of the crura of the cavernosum.

 4. The ischiocavernosus muscles originate from the ischial tuberosity and 
ramus and travel forward to encompass the corpora and inserts into the 
aponeurotic fascia over the corpus cavernosum of the clitoris. They aid 
with erection of the clitoris.

 5. The sphincter urethrae originates on the pubic arch and inserts around the 
urethra. It allows voluntary urethral sphincter contraction.
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the ischial tuberosity and running horizontally inferior to the perineal membrane 
to insert into the perineal body. Their action is to stabilise the perineal body (see 
Box 2.1), and their nerve supply is from the deep branch of the perineal nerve 
(nerve roots S2, S3, and S4). The bulbospongiosus muscles are paired small mus-
cles that arise from the perineal body and run forwards covering the bulb of the 
vestibule to insert into an aponeurosis attached to the undersurface of the crura of 
the clitoris. Their nerve supply is from the perineal branch of the pudendal nerve 
(nerve roots S2, S3, and S4), and they act to aid clitoral erection, vaginal contrac-
tions at orgasm, and closure of the vagina. The ischiocavernosus muscles are small 
paired muscles originating from the ischium and underside of the inferior pubic 
rami to run forwards and cover the crura of the clitoris. They insert into an apo-
neurosis attached to the undersurface of the clitoris and the bulbs of the vestibule. 
Their innervation is from the perineal branch of the pudendal nerve (nerve roots 
S2, S3, and S4) and their function is to aid clitoral erection and stabilise the vagina 
during orgasm.

The superficial perineal pouch also contains the two corpora cavernosa (which 
contain erectile tissue) of the clitoris. The crura of the corpora cavernosa originate 
in the region and are attached to the pubic arch. The distal free ends of the corpora 
travel anteriorly and medially and fuse to form the body of the clitoris. The bulbs of 
the vestibule contain additional erectile tissue and are situated around the vaginal 
introitus. They are attached to the perineal membrane and are covered with the bul-
bospongiosus muscle. The bulbs of the vestibule join anteriorly to form the glans 
clitoris in the midline, anterior to the urethral opening. The crura of the clitoris are 
covered by the ischiocavernosus muscles. The greater vestibular glands sit posterior 
to the bulb of the vestibule.

 Features of Female External Genitalia (Fig. 2.4)

From anterior to posterior, the female perineum contains the mons pubis, the cli-
toris and clitoral hood, the external urethral meatus, the vaginal orifice, the poste-
rior vaginal commissure (or fourchette), the perineum and perineal body, and most 
posteriorly the anus. The anterior vagina wall is very closely related to the urethra. 
The posterior vaginal wall is separated from the rectum by the perineal body. The 
vaginal orifice is also called the vestibule of the vagina and may be partially 
occluded by the thin membrane of the hymen in females who have never had sex-
ual intercourse or used a tampon. The paired hairless labia minora enclose the 
clitoris and surround the vaginal vestibule. The paired labia majora (with an inner 
hairless and an outer hair-bearing surface) surround the labia minora laterally and 
fuse anteriorly with the mons pubis. Within the labia majora is a deep fat pad 
which has a dual blood supply from the internal pudendal artery posterolaterally 
and the external pudendal artery anteromedially. This dual blood supply allows the 
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labial fat pad to be mobilised as a vascularised flap used in reconstruction as a 
modified Martius labial fat pad interposition flap, for example, following vesico-
vaginal fistula closure, where it is placed between the closed bladder and the vagi-
nal closure.

 The Ischioanal Fossae (Fig. 2.4)

The ischioanal fossae are large fascial lined spaces filled with fat and loose connec-
tive tissue between the skin of the anal triangle region and the pelvic diaphragm. 
They communicate above the anococcygeal ligament which is located between the 
anal canal and tip of the coccyx. Laterally, they are bound by the ischium and obtu-
rator internus, medially by the anal canal, posteriorly by the sacrotuberous ligament 
and gluteus maximus, and anteriorly by the base of the urogenital diaphragm (the 
fibromuscular structures of the deep perineal pouch of the perineum).

 Female Pelvic Organs

Ureter

Peritoneal cavity
(bowel removed)

Suspensory
ligament of ovary

Fallopian tube

Ovary

Peritoneum

Deep inguinal ring

Inguinal canal
Bladder

Superficial inguinal
ring

Round ligament

Pubic symphysis

Extra peritoneal

Urethra
Glans clitoris

Perineal membrane

Crus of clitoris

Labium majorus

Bulb of vestibule

Greater
vestibular gland

Anal canal
Levator ani

Vagina

Rectum

Uterus

Uterosacral
ligament

Sacrum

Fig. 2.5 Saggital section a female pelvis and lower abdomen
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 Reproductive Organs

Uterus and Cervix

The uterus is a thick-walled, pear-shaped organ formed predominantly from smooth 
muscle which sits in the pelvis posterior to the bladder and anterior to the rectum. 
The uterus has three parts, the fundus, the body, and the cervix. The fundus is supe-
rior to the body of the uterus. The body of the uterus forms the upper two-thirds of 
the organ. The fallopian tubes are connected to the uterine fundus superolateral and 
communicate with the uterine cavity. The peritoneum that passes over the uterus 
becomes the broad ligament laterally. The peritoneum that covers the fallopian 
tubes and suspends them from the is known as the mesosalpinx. The lowest third of 
the uterus is the cervix – which is the narrowest section of the uterus. The internal 
cervical opening (os) is continuous with the uterine cavity and the external cervical 
os opens into the upper vagina. The vaginal section of the cervix is within the vagi-
nal fornix. The cervical canal is lined by columnar epithelium which transitions to 
the stratified squamous epithelium in the vagina. This cervical canal and the adja-
cent transition zone are the areas from where cervical smears are taken to screen for 
premalignant and malignant changes.

The peritoneum covers the fundus of the uterus, the posterior aspect of the 
uterus, and the anterior aspect of the rectum, and this area is known as the pouch of 
Douglas (rectouterine pouch). Fluid can collect in the pouch of Douglas conse-
quent to any inflammation within the abdominal cavity such as following appendi-
citis, a ruptured ovarian cyst, or a tubo-ovarian abscess. Peritoneum also covers the 
anterior aspect of the uterine body and the posterior aspect of the upper part of the 
bladder and in so doing forms the vesicouterine pouch. The uterine artery crosses 
above the ureter as it traverses the round ligament very near to the cervix. Due to 
this close anatomical relationship, the distal ureter is at-risk of injury during hyster-
ectomy. The pubocervical, cardinal, and uterosacral ligaments support the cervix 
and uterus.

Fallopian Tubes

The fallopian tubes are approximately 10 cm long and divided into three parts. The 
infundibulum is the fimbriated lateral part that curls over the top of the ovary on 
each side, in the midsection is the dilated ampulla, and the narrow isthmus joins the 
fallopian tube medially to the uterus and uterine cavity. The fallopian tubes allow 
the passage of eggs from the ovaries to the uterus for reproduction. Fertilisation usu-
ally occurs within the fallopian tubes whilst implantation usually occurs in the 
uterus. If implantation occurs within the fallopian tube, an ectopic pregnancy ensues 
which may cause a life-threatening emergency if the ectopic pregnancy causes fal-
lopian tube rupture with associated bleeding.
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Ovaries

There are two ovaries each sited laterally in the pelvis within the ovarian fossa. The 
obturator nerve, the internal, and external iliac vessels are in close proximity to the 
ovary, and care should be taken when performing oophorectomy not to damage 
these structures. The ovary is attached to the broad ligament by the mesovarium and 
the uterus by the suspensory ligament of the ovary, which is contiguous with the 
round ligament. The round ligament originates on the anterior superior aspect of the 
uterus in the parametrium and passes inferolaterally to exit the pelvis through the 
internal inguinal ring to insert into the subcutaneous tissues of the labia majora and 
the mons pubis.

 Lower Urinary Tract Organs

Urinary Bladder

The urinary bladder is a hollow pear-shaped organ composed predominantly of 
smooth muscle. It allows low-pressure storage of urine without leakage and permits 
volitional emptying of the bladder when socially acceptable. The bladder has a 
dome superiorly, two lateral walls, an anterior wall, and a base. The urachus, which 
is the remnant of the foetal allantois, arises from the apex of the anterior wall of the 
bladder and travels to the umbilicus within the median umbilical ligament. The 
bladder base is densely attached by the pelvic fascia to the upper cervix and vaginal. 
This is a not uncommon site for fistula formation in patients who have had previous 
pelvic surgery or radiotherapy. Affected patients may present with a continuous 
form of urinary incontinence due to urine escaping continuously from the bladder 
into the vagina.

The bladder wall is composed of four layers, the fatty layer of the adventitia 
externally, the detrusor smooth muscle, the lamina propria (connective tissue), and 
the urothelium (transitional urothelial cells) internally. The trigone is a triangular 
flattened area on the posterior bladder wall at the base of the bladder adjacent to the 
bladder neck. Its superolateral margins are defined by the ureteric orifices, between 
which there is an inter-ureteric bar. The ureters enter the bladder through an oblique 
intramural tunnel, which prevents reflux of urine back up the ureters to the kidneys. 
If this antireflux tunnel is deficient, vesicoureteric reflux (VUR) can occur resulting 
in varying degrees of dilatation of the ureters, renal pelvis, and calyces (hydrone-
phrosis). If VUR is associated with urinary tract infection or high bladder pressures, 
it can lead to pyelonephritis and/or loss of renal function. The bladder neck smooth 
muscle is continuous with the smooth muscle of the urethra and is thought to acts 
physiologically as an involuntary smooth muscle sphincter. This autonomic sphinc-
ter helps to maintain closure of the upper urethra and bladder neck during bladder 
filling. The bladder and bladder neck are supported posteriorly by the endopelvic 
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fascia. The retropubic space of Retzius is bounded by the transversalis fascia ante-
riorly and the peritoneum posteriorly. The urachus traverses this space within the 
median umbilical ligament. The urachus is the obliterated remnant of the foetal 
allantois which drains urine in utero from the bladder via the umbilical cord. Cysts 
very rarely adenocarcinoma may form within the urachal remnant and present as 
discharge from the umbilicus. The urachus can be used to aid dissection to the blad-
der and is generally identified, mobilised, tied, and divided during a cystectomy 
(removal of the bladder).

The peritoneum covers the anterolateral aspects of the rectum and the upper 
aspects of the posterior wall, dome, and anterior wall of the bladder. As the bladder 
fills and increases in size, the peritoneum covering its upper aspect and intraperito-
neal contents such as bowel loops are pushed cranially by the enlarging dome of the 
bladder. In a patient with no previous abdominal surgery or peritoneal breach, this 
creates a peritoneal cavity free space that allows direct access to the bladder. The 
exposed bladder can be palpated two finger breadths cranially to the pubic symphy-
sis and the direct access utilised to aspirate the bladder or place a percutaneous 
suprapubic catheter for bladder drainage in either an emergency setting for acute 
urinary retention, where it is not possible to catheterise the bladder urethrally or 
electively for the management of urinary incontinence in selected patients.

Urethra (Figs. 2.2, 2.4, 2.6, and 2.7)

The urethra in women is approximately 3.5 cm in length. It is a hollow tubular struc-
ture with an innermost urothelium lining with a rich submucosal vascular plexus 
surrounded by smooth then striated muscle fibres. The smooth muscle consists of an 
inner longitudinal and an outer circular layer which aid with urethral closure by 
autonomic unconscious constriction. The external urethral sphincter encircles the 
urethra at its midpoint. It is composed of two types of fibres, slow twitch, which is 
constantly active and slow to fatigue allowing for tone and contraction to be main-
tained over long periods, and the fast twitch fibres under somatic voluntary (the 
rhabdosphincter) control in the proximal part of the sphincter complex. This layer-
ing creates urethral wall tension and compression which aid in the maintenance of 
continence. The widest area of the rhabdosphincter is over the middle third of the 
urethra with the bulk of the fibres anterior to the urethra – giving it a horseshoe or 
omega shape. Distally, the sphincter muscle fibres insert into the vaginal wall under 
the pubic arch and merge with the perineal membrane. Urinary continence in 
females relies on the quality of this sphincter. Posterior to the urethra, there is an 
abundance of connective tissue with the striated sphincter being described as a 
horseshoe shape. Continence within the urethra is achieved by coaptation of the 
urethral lumen (active and passive), external compression from the wall, the ability 
to manage changes in pressure transmitted from the abdomen, neurovascular stimu-
lation, and fascial and ligamentous support. The striated external urethral sphincter 
is said to contribute one-third of the urethral resting tone [9]. The pubourethral liga-
ment runs from the proximal urethra to the pubis, lateral to the symphysis to aid 
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urethral support. Hypermobility of the urethra (and bladder neck) due to ligamen-
tous damage or connective tissue weakness or deficiency of the external urethral 
sphincter can lead to stress urinary incontinence (urinary leak with cough, sneeze, 
or exertion). The urethra has additional support from the endopelvic fascia and the 
muscles of the pelvic floor. In terms of contribution to urethral support, Rud reported 
that the striated muscle contributed 33% of the pressure, vascular factors contrib-
uted 28%, and the remaining 39% of support was from muscular and connective 
tissue support [10]. Once older than 25 years of age, there is an annual reduction in 
striated muscle cells causing progressive sphincter dysfunction with an estimated 
15% reduction in maximum urethral closure pressure (MUCP) per decade [11]. 
However, in younger age groups vaginal delivery, sphincter dysfunction, and prob-
lems of urethral support are more equal contributors to stress incontinence. The 
contribution of the vascular plexus remains poorly understood; however, it is promi-
nent and likely to aid in sealing the urethra. Urethral support appears to not be as 
important as previously believed in relation to urinary incontinence [1]. There are 
multiple submucosal glands which are located primarily in the distal and middle 
third of the urethra coinciding with the site of most urethral diverticula. The proxi-
mal urethra and bladder neck are seen to be mobile on fluoroscopic screening as 
opposed to the distal urethra which is seen to remain in a more fixed location [12].

The urethral closure pressure is the difference between the intravesical and intra-
urethral pressure. When intraurethral pressure is higher than intravesical pressure, 
then continence should be maintained. Urethral pressure profiles have been mea-
sured since 1967 when Toews, Brown, and Wickham (1969) described measuring 
pressures along the urethral length utilising catheters with side holes. The catheter 
position transducer was introduced in 1970 (Harrison and Constable) allowing con-
secutive readings to be superimposed. Prior to this, in 1948, pressure was measure 
with a vertical manometer (Bors) followed by balloon techniques which only mea-
sured over a finite length. In 1972, Malvern and Edwards described a mechanical 
withdrawal device to measure intraurethral pressure. From this measurement, the 
intravesical pressure was recorded, as well as the maximum urethral pressure (mid- 
urethral zone), urethral length, and maximal sphincter pressure [13].

The urethra has both fascial supports, which connect the anterior vaginal wall 
and periurethral tissues to the arcus tendinous, and muscular supports, connecting 
periurethral tissues to the levator ani on its medial border [9]. This support main-
tains the level of the bladder neck but allows for responsive dynamic movement 
during the micturition cycle. As abdominal pressure increases, for example, during 
coughing, the urethral support allows the urethra to be compressed against the ante-
rior vaginal wall to facilitate urethral coaptation and maintain continence. Where 
there is weakness of the muscular and/or ligamentous support, there can be stress 
incontinence.

Surgery to treat stress urinary incontinence aims to provide support to the urethra 
and/or bladder neck by elevating the bladder neck via suture suspension of the lat-
eral vaginal tissues to the iliopectineal ligaments of the superior pubic rami (Burch 
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colposuspension) or a back plate for the urethra by placing a natural tissue or syn-
thetic sling under the mid-portion of the urethra, passing it through the retropubic or 
transobturator space.

Ureters (Figs. 2.3 and 2.5)

Knowledge of the course of the ureters is important to avoid inadvertent injury dur-
ing pelvic surgery. The ureters are hollow tubular structures that are approximately 
25 cm long. They originate as the funnel-shaped renal pelvis and lie on the psoas 
muscle in the line of the vertebral transverse processes as they travel inferiorly to the 
bladder. They cross the genitofemoral nerve during this journey and in turn are 
crossed by the uterine artery distally as they pass under the round ligament close to 
the lateral border of the cervix (water under the bridge is a good aide memoir) and 
by the sigmoid arteries on the left side of the pelvis. They pass over the pelvic brim 
to enter the pelvis at the bifurcation of the common iliac artery, travel laterally 
around the pelvic side wall to enter the bladder medially via an intramural tunnel 
and exit as the ureteric orifices. Ureters move urine antegradely to the bladder using 
peristaltic (or bolus) muscular action. The narrowest points of the ureter are the 
pelvi-ureteric junction (PUJ), the pelvic brim, and the vesico-ureteric junction 
(VUJ). These are also the commonest locations for obstruction by ureteric stones.

 Other Pelvic Organs

Rectum and Anus (Figs. 2.1, 2.2, 2.4, and 2.5)

The rectum is the penultimate part of the large intestine. It lies anterior to the 
sacrum. It has a distal distensible part called the ampulla that permits temporary 
storage of bowel contents (faeces) until it is appropriate and socially acceptable to 
volitionally defecate. The rectum begins at the level of the S3 vertebra and is in 
continuity with the sigmoid colon above and the anal canal below. It has a sacral 
flexure and an anorectal flexure which is formed by the puborectalis muscle, and 
which contributes to faecal continence. The rectum receives its arterial blood supply 
from the superior, middle, and inferior rectal arteries (which are branches of the 
inferior mesenteric, the internal iliac, and the internal pudendal arteries, respec-
tively). Its venous drainage is via corresponding veins that follow the arteries. The 
upper third of the rectum is covered by the peritoneum on its anterior and lateral 
aspects, the mid rectum is covered by the peritoneum only on its anterior, and the 
lower third is below the level of the peritoneum and is not covered by any perito-
neum at all. The peritoneum is continuous between the rectum and uterus and forms 
the rectouterine pouch (of Douglas).
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The rectal ampulla becomes the anal canal at the level of the puborectalis muscle 
within the pelvic floor muscles (the anorectal junction). The anal canal is approxi-
mately 4 cm long and is located within the anal triangle of the perineum. At rest, it 
is empty, and the continence of faeces and flatus is maintained by the internal anal 
sphincter. The internal anal sphincter is composed of involuntary circular smooth 
muscle whilst the external anal sphincter is composed of striated muscle. Damage 
to the muscle or nerves of the anal sphincter can result in faecal incontinence. 
Damage may be consequent to pelvic radiotherapy, neurological conditions such as 
diabetes, multiple sclerosis or spinal cord injury, and vaginal childbirth. The mucosa 
lining the anus forms longitudinal folds called anal columns which coalesce distally 
at the pectinate line to form a circle of anal valves around the anal canal. The pecti-
nate line is at the level of the anococcygeus membrane. The arterial supply above 
the pectineal line is from the superior (anastomosing with the middle) rectal arter-
ies. The arterial blood supply below the pectineal line is from the inferior (anasto-
mosing with the middle) rectal arteries. Below the pectineal line, the anal canal is 
lined by non-keratinised squamous epithelium (anal pecten) which terminates dis-
tally at the anocutaneous line (white line) and transitions into true skin at the exter-
nal anal orifice.

 Pelvic Blood Supply

Fig. 2.8 Saggital view of 
right side internal female 
pelvis with organs removed 
demonstrating 
neurovascular supply to 
pelvis
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 Arteries

The common iliac arteries take origin from the bifurcation of the abdominal aorta 
which occurs at the level of the T10 vertebra. Each common iliac artery is only 
approximately 3 cm long and almost immediately bifurcates at the sacroiliac joint 
(at the level of the L5/S1 vertebrae) into the internal and external iliac arteries. The 
female pelvis and perineum are both supplied by the internal iliac artery. The pelvic 
cavity venous system drains entirely into the internal iliac veins (Fig. 2.8).

 Internal Iliac Artery

The internal iliac artery almost immediately divides into an anterior and posterior 
division The posterior division further branches into three muscular arteries, the 
iliolumbar, the lateral sacral, and the superior gluteal arteries. The iliolumbar artery 
is the first branch of the posterior division and ascends towards the sacroiliac joint. 
It supplies the iliacus, the psoas major, and the quadratus lumborum muscles and 
the cauda equina. The cauda equina (horse’s tail) contains the nerve roots from the 
lumbosacral spine, and the coccygeal nerve after the spinal cord has terminated at 
the level of L1/L2 vertebra. The second branch of the posterior division is the lateral 
sacral artery which runs over the superficial aspect of piriformis to supply the piri-
formis muscle and the vertebral canal. The third branch of the posterior division is 
the superior gluteal artery which travels posteriorly to exit the pelvis above the piri-
formis muscle via the greater sciatic foramen to supply the muscles of the glu-
teal region.

The anterior division of the internal iliac artery gives seven branches which are 
in order of origin.

 1. The obliterated umbilical artery, which may give rise to the superior vesical 
artery proximally whilst becoming obliterated distally. It lies within the medial 
umbilical ligament and is not always obliterated.

 2. The superior vesical artery supplies the superior aspect of the urinary bladder.
 3. The vaginal artery, which is the equivalent of the inferior vesical artery in men. 

It supplies the vagina, the inferior aspect of the bladder, and the rectum.
 4. The obturator artery runs antero-inferiorly on the pelvic side wall to supply the 

ilium and femoral head.
 5. The middle rectal artery supplies the rectum via extensive anastomoses with the 

superior rectal and the inferior rectal arteries.
 6. The internal pudendal artery exits the pelvis through the greater sciatic foramen, 

turns around the sacrospinous ligament to enter the perineum through the infe-
rior sciatic foramen, and supplies all the structures of the perineum.

 7. The uterine artery runs medially on the surface of the levator ani, crosses above 
the ureter distally in the broad ligament, and supplies the uterus, with contribu-
tions to the vagina and ovary.
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 Arterial Blood Supply to Specific Structures and Organs in the Pelvis 
and Perineum

Ovary

The ovarian (gonadal) artery originates from the abdominal aorta at the level of the 
L1 vertebra, inferior to the renal artery. It crosses the external iliac vessels at the 
pelvic brim to enter the suspensory ligament of the ovary. It continues in the broad 
ligament and medially anastomoses with the uterine artery on the lateral wall of the 
uterus. It gives branches to the uterus and the fallopian tubes.

Vagina

The superior part of the vaginal is supplied by the uterine artery, whilst the remain-
der of the vagina is supplied by the middle rectal and pudendal arteries.

Urethra

The urethra is supplied by the internal pudendal artery.

Rectum and Anus

Rectal blood supply is from the superior rectal artery (a continuation of the inferior 
mesenteric artery), the middle rectal artery (a branch of the anterior division of the 
iliac artery), and the inferior rectal artery (a branch of the internal pudendal artery). 
The anal canal receives contributions from the inferior rectal vessels, which become 
superficial to supply the external anal sphincter and perianal skin.

 Veins

The internal iliac vein carries venous blood from the pelvic organs, pelvic walls, 
perineum, and the external genitalia as well as from the lower limbs and the gluteal 
region. It is formed at the level of the greater sciatic notch in the pelvis, passes out of 
the pelvis over the pelvic brim to join with the external iliac vein on each side (which 
drains the lower limb), and becomes the common iliac vein which in turn join to 
form the inferior vena cava. The internal iliac vein runs posterior to the internal iliac 
artery on the psoas major muscle. The pelvic veins are paired with the branches of 
the internal iliac artery except for the iliolumbar artery and umbilical artery.

The rectum and uterus have surrounding venous plexus which, along with the 
lateral sacral veins, drain into the internal iliac vein. The venous plexuses are inter-
connected and surround the pelvic organs. The rectal venous plexus is a site of the 
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portal-systemic venous system communication. The other sites are the distal 
oesophagus and the umbilicus. In clinical states causing portal hypertension such as 
chronic hepatic dysfunction, the portal hypertension results in back pressure into 
these collateral vessels at the sites of anastomoses. This causes venous dilation and 
clinically can be present with bleeding from oesophageal or anorectal varices. 
‘Caput medusae’ may also be seen as dilated veins under the skin encircling the 
umbilicus.

The clitoris drains via a deep dorsal vein which enters the pelvis between the 
arcuate pubic ligament and the perineal membrane to join the vesical plexus. The 
clitoral skin venous drainage is into the great saphenous vein via the external puden-
dal veins.

The ovarian veins begin as a pampiniform plexus within the broad ligament. 
Initially, there are two ovarian veins on each side which merge into a single vein and 
follow the ovarian arteries retroperitoneally. The left ovarian (gonadal) vein drains 
into the left renal vein which then drains into the inferior vena cava. The right ovar-
ian vein drains directly into the inferior vena cava. It is possible with renal tumours 
that extend down the renal veins especially on the left side and into the inferior vena 
cava to see ovarian varices on cross sectional imaging depending on severity of 
spread and/or labial varices.

 Pelvic Plexuses and the Nerve Supply of the Pelvis 
and Perineum

Sympathetic trunk (T1 – L3)

Superior hypogastric
plexus
(parasympathetic)

Hypogastric
nerve

Sciatic nerve

Ganglion Impar

Pudendal nerve (S2 – 4)

Bladder

Urethra

Urethral sphincter

Levator ani

Coccygeus

Inferior hypogastric
plexus

(parasympathetic)

Sciatic nerve

Piriformis

Superior gluteal
nerve

Sacral
splanchnic nerves

Fig. 2.9 Pelvis nerves anterior to sanctum – coronal view
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 Sacral Plexus, Coccygeal Plexus, and Somatic Nerves

The sacral plexus consists of motor and sensory nerves from the anterior rami of 
L4,5 and S1,2,3,4 spinal nerves. The sacral plexus is found on the surface of the 
piriformis muscle covered in fascia. The sacral sympathetic trunk has four ganglia 
(originating from T10-L2 segments of the spinal cord) and forms the ganglion impar 
on the anterior border of the coccyx. The nerves function to coordinate the control 
of voiding, defaecation, and orgasm. Branches of the sacral plexus include the sci-
atic nerve, the gluteal nerves to the lower limb, and the pudendal nerve. Other 
branches include motor nerves to the pelvic floor, the gluteal muscles, and the cuta-
neous sensory supply to the thigh. Somatic nerves are part of the peripheral nervous 
system and allow voluntary skeletal muscle control. Pelvic splanchnic nerves carry 
both fibres originating from the sympathetic nervous system and parasympathetic 
fibres. Pelvic splanchnic nerves are unique in that all others splanchnic nerves carry 
only sympathetic fibres.

The coccygeal plexus is formed mainly from the S5 nerve and the coccygeal 
nerve with some S4 nerve contribution. It provides cutaneous nerve supply to the 
coccygeal region.

 Innervation of the Lower Urinary Tract: Visceral Plexuses

The lower urinary tract is supplied by somatic, parasympathetic, and sympathetic 
nerves. Function is coordinated by higher and local spinal centres allowing coordi-
nation of voiding and storage as well as voiding when socially acceptable.

The thoracolumbar spinal cord (T10-L2) gives rise to the sympathetic nerves 
which form the superior hypogastric plexus on the anterior aspect of L3-S1 verte-
bra. Stimulation of sympathetic nerves facilitates storage of urine by causing con-
traction of the smooth muscle within the urethra and the base of the bladder and 
inhibiting parasympathetic stimulation of detrusor contraction. This allows the 
bladder to fill and store urine under low pressure. Sympathetic nerve fibres are also 
responsible for smooth muscle contraction in the reproductive tract (ejaculation in 
particular), the internal urethral sphincter in males, and the internal anal sphincter in 
both sexes. The superior hypogastric plexus divides at the level of S1 to form the left 
and right hypogastric nerves.

The two hypogastric nerves enter the pelvis and travel laterally to form the pre-
vertebral plexus carrying sympathetic, parasympathetic, and afferent fibres. The 
hypogastric nerves are joined by the pelvic splanchnic nerves carrying parasympa-
thetic nerves (from S2-4) to form the inferior hypogastric plexus bilaterally in the 
retroperitoneal space either side of the rectum. This then progresses to creates three 
further plexuses: rectal, uterovaginal, and vesical. The erectile tissue of the clitoris 
is supplied by a terminal branch of the inferior hypogastric plexus after it enters and 
travels through the deep perineal pouch.

The sacral spinal cord (from segments S2-4) gives rise to parasympathetic nerves 
which travel in the pelvic nerves and when stimulated cause contraction of the 
detrusor to facilitate voiding. This is a type of local coordination centre known as 
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the spinal micturition centre. The main control centre for bladder function is the 
pontine micturition centre in the brainstem. The parasympathetic nerves also stimu-
late erection and modulate the enteric nervous system.

The rectum has a sympathetic nerve supply from the hypogastric plexus and 
parasympathetic from the pelvic splanchnic nerves.

Somatic nerves from the sacral cord (Onuf’s nucleus) run in the pudendal nerve 
(S2,3,4) to supply the striated urethral sphincter and cause sphincteric contraction 
when stimulated. The levator ani is supplied by direct sacral nerve fibres from 
branches of S4 and the pudendal nerve. The coccygeus muscle is supplied from S4 
and S5. The piriformis muscle nerve supply originates from the ventral rami of 
nerve roots S1 and S2.

 Other Important Nerves

Pudendal Nerve (Figs. 2.4 and 2.9)

The lateral walls of the ischioanal fossae contain the pudendal nerve which arises 
from S2,3,4 nerve roots. The pudendal nerve exits the pelvis via the greater sciatic 
foramen to enter the gluteal region. It then curves around the sacrospinous ligament 
at the ischial spine to enter the perineum via the lesser sciatic foramen. Once in the 
perineum, it enters Alcock’s canal – which is a condensation of the obturator inter-
nus fascia and travels anteriorly along the lateral edge of the ischiorectal fossa in 
this canal. On exiting the pudendal canal, it branches to give the inferior rectal nerve 
which supplies the perianal skin and the external anal sphincter. At the posterior 
border of the perineal membrane, the pudendal nerve divides to form the perineal 
nerve which provides sensory supply to the vulva, the motor nerve supply to levator 
ani (mostly from S3 and S4 fibres) and the superficial perineal striated musculature, 
and a further branch – the dorsal nerve of the clitoris, to supply the clitoris.

Obturator Nerve

The obturator nerve (from nerve roots L2-4) is a branch of the lumbar plexus, which 
runs from the psoas muscle, along the pelvic side wall into the obturator canal on 
the superolateral border of the obturator foramen. It supplies the adductor compart-
ment of the medial thigh.

Sensory Nerves

Sensory fibres that run back to L1 from the mons pubis and labia do so via the geni-
tofemoral and ilioinguinal nerves. Sensation from the perineum runs via the small 
sciatic nerve to S1,2,3 via the posterior femoral cutaneous nerve. Sensory afferent 
nerves are important for detecting pain, temperature, and stretch within the blad-
der wall.
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 Lymphatics of the Female Pelvis

It is important to have knowledge of the lymphatic drainage sites from all pelvic 
organs particularly in relation to infection and malignancy. The main lymphatic 
drainage of the pelvic organs is to the internal and external iliac lymph nodes; how-
ever, there are also other lymphatics involved. From the iliac lymphatics, there is 
drainage via the common iliac nodes, para-aortic or lumbar nodes to the thoracic 
duct. The thoracic duct is found at the level of the 12th thoracic vertebra (T12). 
From there, it extends to the neck and drains into the venous system at the junction 
of left subclavian vein with the left internal jugular vein. The thoracic duct on the 
left drains most of the lymph from the body with exception of that from the right 
thorax, the right arm, the head, and neck, which drain to the right lymphatic duct. 
The right lymphatic duct drains into the venous system at the junction between right 
subclavian vein and the right internal jugular vein. Lymphadenopathy or lymphad-
enectomy can result in distal lymphoedema, seen most commonly in limbs.

 Urinary Tract

The bladder lymphatics drain to the internal and external iliac lymph nodes. 
Removal of theses lymph nodes and vessels during lymphadenectomy performed 
for bladder (urothelial) cancer treatment at the time of radical cystectomy can result 
in the formation of a lymphocele due to leak from open lymphatics after removal of 
these nodes.

The urethral lymphatic drainage is to the internal iliac nodes and the superficial 
inguinal nodes. Primary urethral cancer is rare, however in a female patient with 
obstructive voiding symptoms and a ‘woody’ feeling urethra, urgent biopsy is 
essential. Radical surgery should include inguinal node as well as iliac node 
excision.

 Reproductive Organs

The uterus and fallopian tube lymphatic drainage is into the external and internal 
iliac nodes plus the sacral nodes. The lower third of the vagina follows the vulval 
and urethra and drains into the superficial inguinal nodes. The upper two-thirds 
drain into the external and internal iliac nodes.

The ovarian lymphatic drainage is into the para-aortic regional lymph nodes con-
sequent to the embryological origin of the ovaries. This means that metastatic lym-
phatic spread from an ovarian tumour is difficult to detect clinically unless huge and 
palpable abdominally.

The vulva and perineum on the medial aspect of the labiocrural skin fold drain 
upwards to the mons pubis and to superficial inguinal and femoral lymph nodes.
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 Rectum and Anus

The lymphatic drainage of the rectum follows the blood vessels back to the pre- 
aortic nodes surrounding the origin of the inferior mesenteric vessels. The lower 
anal canal drains to the superficial inguinal nodes along with the vagina and urethra. 
The remaining rectum drains to the inferior mesenteric nodes, the internal iliac 
nodes (middle rectal artery), the pararectal nodes, and the preaortic nodes.

 Conclusions

The aim of this chapter has been to discuss normal female pelvic anatomy and 
physiology and relate to this to the possible causes of urinary incontinence and/or 
prolapse. This will allow a good foundation of understanding with regard to diagno-
sis of these conditions, help direct clinical examination and investigation, and high-
light surgical landmarks. This chapter is important to help understanding throughout 
the rest of this book.

 Take-Home Message

Pelvic organs are supported by muscles and ligaments. Any weakness in either can 
lead to pelvic organ prolapse or stress urinary incontinence. Pregnancy and vaginal 
delivery have significant effects on pelvic anatomy. History can point to a likely 
cause for the urinary incontinence and should include symptoms, duration, previous 
surgery, and/or treatment such as radiotherapy alongside a thorough, chaperoned, 
examination. In patients with continual urinary incontinence, overflow, congenital 
ectopic ureters, and fistula involving the urinary tract should be considered.

The levator ani consists of three muscles, and the main blood supply to the pelvic 
organs arises from the internal iliac artery.
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Chapter 3
Diagnosis of Urinary Incontinence 
in Women

Elizabeth Dray and Haritha Pavuluri

 Introduction

Urinary incontinence is a widely prevalent disorder in women which negatively 
impacts patient quality of life and leads to significant societal and personal costs [8]. 
On average, a symptomatic woman will spend $750 per year out of pocket on incon-
tinence management [20]. This burden can be substantially reduced by treatment of 
a patient’s incontinence [21]. In order to effectively treat, a clinician must first accu-
rately diagnose. In this chapter, we will review the differential diagnosis of inconti-
nence in women and how history and physical exam findings can help discriminate 
between these etiologies. We will review noninvasive tests that can strengthen this 
data. We will then identify when it is appropriate to pursue more invasive or 
resource-intensive studies for the characterization of incontinence.

 Differential Diagnosis

The first step in determining the cause of urinary incontinence is establishing that 
the perceived wetness is, in fact, urine. Non-urinary causes of wetness include phys-
iologic or pathologic vaginal discharge and peritoneal fluid or dialysate. The quan-
tity and quality of normal vaginal discharge can vary widely amongst women. 
Increased vaginal discharge can be caused by infection or malignancy, and vaginal 
wet prep, STD testing, and imaging if indicated can be used to differentiate between 
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these sources. Some individuals may find normal discharge distressing, and, once 
infectious or other pathologic etiologies are ruled out, can be educated and reas-
sured. In the setting of prior pelvic surgery, radiation, or malignancy, peritoneovagi-
nal fistulae can form, leading to continuous leakage of peritoneal fluid per vagina. 
Rarely, patients may develop fistulae between the fallopian tube and the vagina as 
well. Ascites or the use of peritoneal dialysis should also raise suspicion for a non- 
urinary cause of wetness in the setting of continuous leakage.

An ectopic ureter beyond the continence mechanism or other congenital ana-
tomic abnormality should be investigated in the setting of lifelong incontinence, 
specifically continuous urinary incontinence.

Transient causes of incontinence should always be considered in a patient’s 
workup. Causes of transient incontinence can be remembered by the mnemonic 
DIAPPERS (Delirium, Infection, Atrophic vaginitis, Psychologic, Pharmacologic, 
Excess urine production, Restricted mobility, Stool impaction) [14]. History taking 
specifically correlating incontinence onset with other health events or new medica-
tions is integral in making these diagnoses. Often, these conditions do not require 
urologic intervention, but rather deductive reasoning and interspecialty communica-
tion (i.e., referral to endocrinology, stool disimpaction, etc.). Functional inconti-
nence, while not always transient, is a prime example of a situation where a urologist 
can easily overtreat to a patient’s detriment. Functional incontinence is when an 
individual has a normal urologic function but may experience incontinence due to 
decreased ability to access a bathroom in a timely fashion. This is typically second-
ary to underlying comorbidity, such as dementia or Parkinson’s disease. The “treat-
ment” may be as straightforward as providing the patient with a bedside commode 
or having them work with physical therapy to improve mobility.

Urinary incontinence should be classified as urgency urinary incontinence (UUI), 
stress urinary incontinence (SUI), or mixed incontinence (MUI). Overflow inconti-
nence is the presence of incontinence in an overfull bladder [3]. Continuous leakage 
of urine, coital incontinence, and post-void dribbling are not in and of themselves 
discrete forms of incontinence but instead manifestations of urgency or stress incon-
tinence, urinary retention, or anatomic abnormalities such as urologic fistula or ure-
thral stricture/stenosis. All forms of incontinence require evaluation beyond history 
taking, and in the view of many experts, the leakage should be directly observed 
prior to the patient undergoing invasive therapies.

 History and Physical Exam

When evaluating urinary incontinence in a female, taking a complete history is 
essential. Past medical history should include surgical history (specifically prior 
pelvic, obstetric, or back surgeries), medical history (neurologic conditions, endo-
crine dysfunction, connective tissue disorders, radiation, trauma), and gynecologic 
and obstetric history, including parity and pre- or postmenopausal status. Current 
medications, as well as any prior pharmacotherapies for incontinence, should be 
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assessed. Exogenous hormones, sympathomimetics, sympatholytics, anticholiner-
gics, and diuretics may all contribute to symptoms of urinary incontinence. When 
assessing the history of present illness, incontinence can be subjectively character-
ized by asking whether the patient leaks with activity or cough/sneeze, with urgency, 
or both. If the answer is both, the patient should be asked which is more bothersome 
to them. An attempt should be made to evaluate the severity and frequency of a 
patient’s leakage, which can be determined by the number of pads or briefs a patient 
uses per day or the number of times they change clothes due to incontinence. It is 
important to ask the degree of saturation of a patient’s briefs or pads as some patients 
may be bothered by relatively small amounts of urine loss and change pads fre-
quently even if they are not saturated. Voiding frequency, both during the day and at 
night should be assessed, as well as the presence or absence of dysuria, pelvic pain, 
urinary tract infections, and hematuria. The patient should be evaluated for obstruc-
tive lower urinary tract symptoms (straining, subjective incomplete emptying, weak 
stream), gastrointestinal symptoms (i.e., fecal incontinence or constipation), and 
prolapse complaints, as pelvic floor disorders frequently coexist [9]. Patients should 
be asked about neurologic symptoms, particularly, if there is new-onset urge urinary 
incontinence in a young woman, as urinary incontinence may be the harbinger of a 
neurologic condition such as multiple sclerosis. Lastly, it is extremely important to 
assess the impact that incontinence has on a patient’s quality of life. In the vast 
majority of cases, incontinence is not life-threatening and therefore should only be 
intervened on if it is bothersome to the patient.

The characteristics of a patient’s urinary incontinence can also be assessed using 
a variety of validated questionnaires. Commonly used metrics include the Urogenital 
Distress Inventory short form [UDI-6], the Incontinence Impact Questionnaire short 
form [IIQ-7], the International Consultation on Incontinence Questionnaire Urinary 
Incontinence short form [ICIQ-SF], the King’s Health Questionnaire [KHQ], 
Patient Global Impression of Severity Scale [PGI-S], and the Michigan Incontinence 
Symptoms Index (M-ISI). These questionnaires assess SUI, UUI, severity, and 
quality of life and appear to be mostly well-correlated [10]. In addition to inconti-
nence symptoms, prolapse and colorectal symptoms can be assessed using the pel-
vic floor distress inventory (PFDI).

History alone is not entirely reliable in evaluating urinary incontinence, and a 
physical exam should always be performed. Age, weight, and debility should be 
evaluated, as these factors are correlated with incontinence and may affect whether 
the patient is an operative candidate [24]. An abdominal exam can provide impor-
tant information, such as the presence of incisions and suprapubic fullness or ten-
derness. Every patient undergoing an initial evaluation of incontinence should have 
a pelvic exam. This should assess the external genitalia (including estrogenic sta-
tus), urethra, uterus, and adnexa, and the presence or absence of pelvic organ pro-
lapse (POP). The supine cough stress test (CST) is the gold standard for the diagnosis 
of stress urinary incontinence in women. This is performed with the patient in lithot-
omy position and the bladder filled to a comfortable degree and is considered posi-
tive if incontinence is shown with cough or Valsalva. If incontinence cannot be 
demonstrated in the supine position, the test can be repeated standing. The 
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correlation of a positive CST with urodynamic-proven SUI is >90% [6]. Urethral 
position and mobility may be evaluated at rest and with straining and coughing to 
assess for urethral hypermobility. Mobility beyond 30° is generally considered 
abnormal. This may be aided by the “Q-tip test,” where a lubricated Q-tip is placed 
in the urethra prior to Valsalva, which is only needed if there is uncertainty on the 
physical exam. While the presence of urethral hypermobility may help determine 
whether a patient is a good candidate for a specific surgical intervention, such as a 
midurethral sling, it does not appear to have any significant predictive value in diag-
nosing the presence of stress incontinence [5]. POP should be evaluated using a split 
speculum exam and documented using a standardized and reproducible classifica-
tion technique, such as the Baden-Walker or Pelvic Organ Prolapse Quantification 
(POP-Q) system. If there is a known or suspected history of a neurologic condition, 
a brief neurologic exam can be performed to assess rectal sphincter tone and the 
presence or absence of the bulbocavernosus reflex (Table 3.1).

 Noninvasive Testing

A variety of noninvasive tests can be used to gain further information and rule out 
potential causes of urinary incontinence. Urinalysis is usually the first lab test that 
is ordered in a patient with urinary incontinence. An abnormal urinalysis, such as 
the presence of blood, glucose, or leukocyte esterase (LE), can indicate secondary 
causes of incontinence. If unexplained hematuria is noted (≥3 rbc/hpf), cystoscopy 
should be pursued (AUA Guideline on hematuria). Glucosuria should prompt endo-
crine or internal medicine referral for diabetes workup if this has not yet been diag-
nosed or communication with the primary care provider regarding blood glucose 
control if this is known comorbidity. A urine culture should be sent if LE or nitrites 
are found, as a urinary tract infection may be the source of a patient’s incontinence 
or an exacerbating factor in their symptoms.

A postvoid residual (PVR) should be obtained to rule out incomplete bladder 
emptying and to assess the appropriateness of interventions (i.e., urinary antispas-
modics or sling). PVR may be obtained by noninvasive ultrasound or sterile in and 
out catheterization, as they are considered equivalent [22]. There is no universal 
definition of elevated PVR; however, the vast majority of women have a PVR 
<100 cc [22]. While PVRs greater than or equal to 300 cc may be acceptable in 
asymptomatic individuals without high-risk features, incontinence is, by definition, 
a symptom [18]. The author would therefore suggest that a PVR > 100 cc prompt a 
more invasive workup prior to irreversible interventions.

Bladder diaries, or frequency volume charts, are useful methods of both charac-
terizing incontinence and revealing nonadaptive patient behaviors. These can be 
kept for 24–72  h. There is significant recall bias in patient-reported urinary fre-
quency, nocturia, and incontinence, with patients often overestimating the severity 
of their symptoms [19]. Voiding diaries give objective evidence of excessive fluid or 
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bladder irritant consumption, allowing the clinician to provide a patient with per-
sonalized action items for behavioral intervention.

The role of pad weight tests is controversial and is largely used in academic set-
tings for research purposes. Twenty-four-hour pad tests are more clinically relevant 
than one-hour pad tests and, while definitions vary, are typically considered positive 
if there is greater than 1.3 g of urine loss over that time period [2]. It should be 
noted, however, that studies have shown little difference between pad weight tests 
in self-reported “continent” and “incontinent” groups [15]. A more commonly used 
surrogate for the severity of incontinence is pads per day, which can be assessed 
through patient history. It is important to elicit the degree of pad saturation, as indi-
viduals may change their pads every time they urinate, even if they are relatively dry.

Dye testing is another useful test in assessing leakage—particularly in determin-
ing whether leakage is urine versus another fluid or in identifying the site of a fis-
tula. In order to identify whether urine is the source of wetness, a patient can take 
200 mg of oral Pyridium and wear a pad for several hours. If the fluid is urine, it will 
be orange in color. Sweat, peritoneal fluid, or vaginal discharge will remain clear. 
When looking for a fistula, a tampon is inserted, and dye, such as methylene blue, 
is instilled intravesically. Staining at the proximal aspect of the tampon is suggestive 
of a vesicovaginal fistula while distal staining may indicate urethral leakage. If there 
is concern for a ureterovaginal fistula, a double dye test is performed. In this case, 
the bladder is filled with a methylene blue solution, and oral Pyridium is concomi-
tant. Orange staining of the tampon is pathognomonic of a ureterovaginal fistula 
while blue staining may be secondary to a vesicovaginal fistula or urethral inconti-
nence [17].

Imaging has a limited role in the evaluation of urinary incontinence in women. If 
there is clinical suspicion for a urethral diverticulum or ectopic ureter, MRI pelvis 
is a sensitive, if potentially cost-prohibitive, means of definitive diagnosis. Renal 
ultrasonography is sensitive and specific for diagnosing hydronephrosis and should 
be obtained if high-risk features for upper tract deterioration are present. Translabial 
or transvaginal ultrasonography may be useful to visualize mesh that was previ-
ously placed for pelvic floor reconstruction if there is concern that this is a contrib-
uting factor in the patient’s incontinence [16].

 Advanced Testing

When the etiology of a patient’s incontinence is unclear, two advanced testing 
modalities can be considered: a cystoscopy and urodynamic studies (UDS). Neither 
is indicated for the initial workup of the index patient (uncomplicated SUI or UUI 
AUA guidelines Gormley OAB Kobashi SUI). However, there are many circum-
stances in which one or both may be necessary to safely and thoroughly evaluate 
more complex presentations.

The role of cystoscopy is to directly visualize the patient’s bladder and urethra, 
thus ruling out pathologies that may be causing or exacerbating the patient’s 
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symptoms. While routine cystoscopy does not appear to affect outcomes for most 
patients, there are clearly situations where cystoscopy is a commonsense adjunct to 
a patient’s workup. For example, a lifelong smoker with urge urinary incontinence 
and dysuria with negative urine cultures should likely undergo a cystoscopy to rule 
out bladder cancer as the source of her irritative lower urinary tract symptoms. 
Furthermore, incontinence in the setting of prior transvaginal mesh, especially if 
there is a history of recurrent UTIs, should prompt a cystoscopy to exclude the diag-
nosis of mesh erosion. Cystoscopy and appropriate upper tract imaging should also 
be performed if the patient meets the diagnostic criteria for hematuria (AUA guide-
line hematuria).

Multichannel urodynamics (UDS) is the study of bladder storage and emptying. 
They consist of cystometry, which assesses pressure and volume during filling, and 
pressure-flow studies, which evaluate bladder pressure and urine flow rate during 
voiding. Multichannel UDS differs from uroflowmetry and simple cystometrics in 
that it objectively measures bladder pressures. Typically, it is accompanied by elec-
tromyography (EMG), which measures the activity of the striated urinary sphincter 
and pelvic floor musculature via a patch or needle electrode. In studies performed 
for the investigation of urinary incontinence, the primary goal is often the identifica-
tion of urgency or stress incontinence. However, it is important to keep in mind that 
reduced compliance or incomplete bladder emptying can also contribute to leakage. 
Urgency urinary incontinence is often associated with detrusor overactivity (DO) on 
UDS. DO is a urodynamic observation of an involuntary detrusor contraction during 
bladder filling which may or may not be accompanied by incontinence. In the set-
ting of a known neurologic condition, this is termed neurogenic DO [1]. It is impor-
tant to keep in mind that up to 50% of individuals with urge urinary incontinence 
may not have DO on UDS. Furthermore, ~15% of patients without urge urinary 
incontinence can have “test-induced” DO [23]. Urodynamic findings do not out-
weigh a convincing history. Stress urinary incontinence is defined by the presence 
of an abdominal leak point pressure (ALPP) on UDS. ALPP is the intravesical pres-
sure at which urine leakage occurs due to increased abdominal pressure in the 
absence of a detrusor contraction [1]. Patients without SUI do not have urinary 
incontinence at any abdominal pressure, and therefore do not have an ALPP.  A 
lower ALPP is associated with worsening severity of SUI. By convention, an ALPP 
of <60  cm H2O is considered to be indicative of intrinsic sphincter deficiency. 
However, this does not take into account the presence or absence of urethral hyper-
mobility on the exam and should therefore be interpreted with caution [11] 
(Table 3.2).

Patient selection and timing of UDS remains a controversial topic. Many experts 
have formerly advocated routine UDS prior to invasive or irreversible treatments for 
incontinence. This changed with the publication of the VALUE trial, a large, multi-
centered randomized control trial which showed no difference in outcomes between 
women with uncomplicated SUI who received UDS prior to sling placement and 
those who did not [13]. While similarly robust data does not exist for urge urinary 
incontinence, a recent meta-analysis did not show a clear benefit from UDS prior to 
third-line therapies for OAB [4]. Most experts would agree that UDS are indicated 
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before proceeding with invasive interventions in the setting of prior anti-inconti-
nence or prolapse surgery, severe incontinence, poorly defined incontinence symp-
toms, elevated PVR or significant obstructive symptoms, neurologic lower urinary 
tract dysfunction, or inability to elicit SUI on a cough stress test or simple cystomet-
rics [7].

 Conclusions

At least one-quarter of women suffer from some degree of urinary incontinence 
[12]. All urologists and urogynecologists should be adept at evaluating these condi-
tions. Workup should include a consideration of non-urologic sources of wetness 
and causes of transient incontinence, as well as an assessment of prior pelvic radia-
tion or surgeries and gynecologic or obstetric history. Incontinence should be char-
acterized by identifying the duration of symptoms, inciting and exacerbating factors, 
severity, and coexisting obstructive symptoms. All patients should undergo a pelvic 
and abdominal exam. At a minimum, a urinalysis should be performed and PVR 

Table 3.2 Findings on UDS as defined by the International Continence Society

ICS definition

DO Phasic contractions of detrusor muscle occurring during filling 
cystometry
Waveform seen on cystometrogram

NDO In patients with a clinically relevant neurologic disorder, phasic 
contractions of detrusor muscle occurring during filling cystometry
Waveform seen on cystometrogram

Reduced compliance 
storage dysfunction 
(RCSD)

Non-phasic rise in detrusor pressure during filling cystometry
Reduction in capacity/compliance

Reduced filling sensation Perceived reduction in sensation during filling cystometry
Detrusor leak point 
pressure (DLPP)

Lowest pressure at which urinary leakage occurs in the absence of 
detrusor contraction or increased abdominal pressure
>40 cm H2O in females results in increased risk for morbidity

Abdominal leak point 
pressure (ALPP)

Absence of detrusor contraction, the lowest value of increased 
intrabdominal pressure that results in urine leakage at fixed bladder 
volume (200–300 mL)
Valsalva (VLPP)

    <60 cm H2O – Severe
    60–90 cm H2O – Moderate
    >90 cm H2O – Mild
Cough (CLPP)

ICS Glossary. International Continence Society
McGuire EJ, Woodside JR, Borden TA, et al. Prognostic value of urodynamic testing in myelodys-
plastic patients. J Urol. 1981;126:205–9
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assessed. Imaging and more invasive diagnostic tests should be obtained on an indi-
vidualized basis.
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Chapter 4
Urodynamic Testing of Female 
Incontinence

Anne P. Cameron

 Principles of Urodynamics

Pressure flow urodynamics (UDS) is one of the many tools that the continence care 
provider can employ to make a more precise diagnosis of a woman’s urinary symp-
toms. They are not a substitute for a good history and physical exam, and their 
results in isolation without clinical context are difficult to interpret. In general, uro-
dynamics should be used when the clinical diagnosis is unclear with a more basic 
assessment, and the results will change patient management.

A simple decision aid in determining if the urodynamics need to be performed is 
assessing the uncertainty in the diagnosis and multiplying this by the risk of the 
decision being made, either the risk of a missed important diagnosis or the risk of 
the procedure.

Uncertainty of diagnosis
Risk of procedure or

missed diagnosis
Need for urodynamics

 

For example, if a patient has mixed incontinence on history (uncertainty of stress 
urinary incontinence (SU)I vs. urgency urinary incontinence (UUI) is high) and 
chooses pelvic floor physical therapy (risk is zero since this will help either condi-
tion), then the need for UDS is zero (high × 0 = 0) because it is not important to 
know if she indeed has SUI or UUI to proceed with her care since PFPT can treat 
both conditions. Another example would be a woman with urinary retention imme-
diately after a sling procedure that has persisted for months who had no voiding 
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symptoms and a low residual prior to the sling. In this case, the uncertainty of the 
diagnosis is zero even though the risk of the needed surgical procedure is high 
(0 × high = 0) and UDS are not needed.

Instances where the need for UDS has been well investigated are in the care of 
index cases of stress incontinence in women. The Value trial [1] randomized women 
with uncomplicated SUI undergoing sling placement to UDS or standard clinic 
assessment prior to surgery. The results of the UDS did not change management plans 
or the surgical outcome; hence, in this population, it is not needed. Studies on UDS 
testing trends have shown that the rate of preoperative testing has decreased since this 
study has been published [2]. A review of a 5% sample of Medicare beneficiaries with 
mixed incontinence found that regardless of the surgical approach in these women, 
preoperative UDS did not change the risk of re-intervention following surgery, further 
emphasizing that good clinical decision-making can be done without UDS, but with 
a good history and physical exam and potentially noninvasive testing [3].

The utility of urodynamics was assessed in a more complex population of 
patients, none of which were index cases of SUI, and among the 285 studies per-
formed, the treatment plan changed in 43% of cases as a result of the UDS results, 
with 35% having a change in the surgical plan [4]. Fluoroscopy was used in most 
studies with helpful findings in 29.5% of cases.

Several studies have sought to assess the prognostic ability of UDS in predicting 
surgical outcomes for other incontinence procedures. Nobrega et al. assessed sev-
eral urodynamic parameters in 99 patients with detrusor overactivity (DO) undergo-
ing sacral neuromodulation and unfortunately did not find any urodynamics 
parameters that predicted the success of the staged procedure [5]. Similarly, the 
urodynamic diagnosis of DO prior to botulinum toxin injection did not alter patient- 
reported outcomes compared to those patients without DO [6]. In a series of male 
patients, however, higher BOOI (and elevated PVR) did predict a higher risk of 
urinary retention requiring self-catheterization [7].

Urodynamics, however, are often a cornerstone of urological diagnosis with 
many clinical scenarios where they are essential. Examples include assessments for 
safety compliance in neurogenic lower urinary tract dysfunction (NGLUTD) or dif-
ferentiating between outlet obstruction or detrusor underactivity (DU) in a woman 
with retention. The AUA Guidelines discuss the use of UDS, and both the female 
stress incontinence and OAB guidelines state that UDS should not be used in the 
initial workup of the uncomplicated patient but recommend their use for diagnostic 
purposes and complex patients [8, 9]. In this chapter, the International Continence 
Society’s (ICS) good urodynamic practices and terms will be referenced as the stan-
dard terminology [10].

 Urodynamics Testing Alternatives

There are several noninvasive and cost-effective testing modalities that can be 
employed before or instead of formal pressure flow urodynamic studies.
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A post-void residual (PVR) with either a bladder scanner (ultrasound) or a cath-
eterized measurement of residual intravesical urine volume is an excellent screening 
tool to assess for incomplete bladder emptying or retention. This measurement is 
particularly helpful when it is very high or when there is a baseline value for that 
woman for comparison, such as a woman who had a residual of 0 ml before an 
incontinence procedure but now has a residual of 200 ml. There is no established 
“normal” value for residual urine [11]; a good rule of thumb in the context of 
expected deterioration of bladder contractility with age is that residual urine is 
totally normal if less than one’s age. The method of collection should be specified 
since there are both false positives and negatives associated with each. Examples of 
a false-positive result with the ultrasound method include ascites, peritoneal dialy-
sis, pregnancy, or an ovarian cyst where fluid outside the bladder is mistakenly 
measured. A false negative can result if the scanner is not directed towards the blad-
der or if the catheter used for collection is not placed completely within the lumen 
of the bladder or is withdrawn too soon.

A uroflowmetry (simple uroflow) measures the flow rate of the urine stream as a 
volume in milliliters per second and when combined with a post-void residual pro-
vides information on voiding dysfunction. This has the added benefit of physiologi-
cal voiding in a private setting and should be performed in the patient’s usual voiding 
position. A uroflowmetry is considered part of the ICS standard urodynamic test 
[10] where it is performed immediately before the study to obtain unintubated uro-
flow and residual urine results. Patients should arrive for the test with a comfortably 
full bladder and wait for their usual urge to void to be felt. A pitfall in uroflowmetry 
is having a woman void before her bladder is full often resulting in low voided vol-
ume (<150  cc) which is difficult to interpret since low volume voids are slower 
inflow and the male nomograms exclude these measurements. Conversely, uroflow-
metry may be abnormal if voiding was postponed for too long before the test, with 
an overdistended bladder [10].

Measured values include the maximum flow rate (Qmax), average flow rate 
(Qave), and voided volume. The values for uroflowmetry in normal women vary 
considerably by voided volume, unlike in men where flow rates also decrease with 
age [12]. There is actually little data on normal uroflowmetry in women, unlike men 
where this measure has been widely utilized in the diagnosis of bladder outflow 
obstruction (BOO) from prostatic obstruction with clear normative values [13]. 
Women often void with very high flow (>30 ml/s = hyperflow), and the curve is 
bell- shaped, but voiding time is shorter than in men. Qave ranges from 17 to 24 ml/s 
in normal women and Qmax from 23 to 33 ml/s, with voided volume ranges between 
250 and 550 ml and residual urine typically less than 15 ml [12]. The curve can be 
described as bell-shaped (normal), flat (very slow), flat peaked (evidence of obstruc-
tion), hyperflow (normal in women), and a straining pattern (use of abdominal mus-
cle for voiding with sawtooth pattern) (Fig. 4.1).

Voiding diaries can give excellent physiologic information about bladder 
behavior outside of the testing environment where results can be altered by anxi-
ety, discomfort, and a non-physiologic filling rate. Most measure fluid intake vol-
ume and fluid type as well as voided volume, sensation of urgency, and leakage 
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episodes during a set period of time. These provide an objective measure of day-
time and nighttime frequency as well as more accurate bladder capacity that tends 
to be higher than in the testing environment. These results can serve to tailor 
conservative recommendations surrounding fluid intake [14] and can be used to 
measure the nocturnal polyuria index which is critical in diagnosing causes of 
nocturia.

Pad tests are a simple way of quantifying urine loss over a period of time. They 
are calculated by measuring the wet pad(s) minus the weight of the same number of 
dry products. In non-menstruating women, the pad net gain is mostly urine, but 
perspiration and vaginal discharge can contribute to the volume as well.

Short-term pad tests can be accomplished by drinking 500 ml of fluids in 15 min 
then wearing a pad in the office for 1 h accomplishing several prescribed physical 
activities such as walking and climbing stairs. Any value over 1 g is considered 
positive for urinary incontinence. A long-term pad test involves collecting all pads 
worn for 24–48 h. A net gain of 8 g in 24 h or 2 g on any individual pad is considered 
incontinence [12].
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Fig. 4.1 (a–c) Uroflow tracings from the same female patient with (a) obstructing stricture with 
peak flow 3 ml/s, (b) after stricture dilation with the normal flow of 22 ml/s, (c) 1 year later after 
stricture recurrence max flow 15 ml/s with flat top flow pattern, and (d) hyperflow of a woman with 
SUI 45 ml/s
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A simple cystometric test, also called “eyeball urodynamics,” involves placement 
of a catheter and drainage of the urine content for a measured post-void residual 
followed by filling of the bladder with sterile saline using a cone tipped syringe and 
observing the fluid column. Any rise in the column accompanied by urgency is con-
sidered an episode of DO. Sensations are recorded similarly to a standard urody-
namics study with first sensation, any urgency, and maximum capacity recorded. 
The catheter is then removed and a supine cough and Valsalva stress test performed 
with direct visualization of any leakage. If negative, the patient can be placed in a 
standing position and perform maneuvers (jumping/squats) and coughs with an 
absorbent paper towel on the perineum. Advantages of this approach are a much 
faster study than pressure flow UDS, and patients can perform more maneuvers than 
are possible when connected to UDS catheters. This test is well suited to the woman 
in whom you suspect SUI but require significant activity to provoke it. In a woman 
with prolapse in whom you want to assess for occult SUI, this is an ideal test to 
perform with both the prolapse reduced and not reduced since the presence of SUI 
with the prolapse reduced is helpful in counselling regarding the need for a prophy-
lactic sling during the POP repair. If this test does not demonstrate SUI in a woman 
undergoing prolapse surgery, formal UDS are an excellent method if suspicion is 
high [15]. Simple cystometric testing does not provide any information on voiding 
pressures or robust information on DO, but is well suited to diagnose SUI.

 Urodynamics Testing and Interpretation

If one is going to perform a test, you need a question that needs to be answered. The 
urodynamics testing can be best optimized if the technician performing the testing 
is aware of the question at hand. In general, most urodynamics are performed to 
answer one or more of the following questions [16]:

 1. Is this incontinence stress, urgency, or both?
 2. In a woman with persistent incontinence post sling or other procedure, does she 

have SUI, UUI, or obstruction?
 3. In a woman with NGLUTD, is her urinary tract safe? (reflux, poor compliance, 

adequate capacity, DO)
 4. In a woman with elevated residual urine, is it atonic bladder, voiding dysfunc-

tion, or obstruction?

If one frames the testing environment around answering one or more of these 
questions, it makes interpreting the test much easier and allows the technician to 
tailor testing accordingly. For example, in a woman with a question of incontinence 
who does not leak during the study, the technician can perform more Valsalva and 
cough maneuvers or change the woman’s position to standing to try to elicit SUI, or 
in a woman with retention, you may allow to fill to higher volumes to give her the 
best possible chance of eliciting voiding. This simplified diagnostic organization 
also makes interpretation easy since your goal in interpretation surrounds answering 
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the clinical question at hand and allows you to potentially ignore findings that are 
perhaps simply artifacts of the study such as incomplete bladder emptying during 
the pressure flow study on a woman with incontinence who has a normal pre- 
study PVR.

 Antibiotics and Patient Preparation for UDS

Preparation for a urodynamic study should be straightforward. Patients should be 
encouraged to hydrate, take all prescribed medications, and eat regular meals on the 
day of testing. All patients should be asked about signs and symptoms of a UTI and 
at a minimum have a urinalysis performed on the day of the procedure to screen for 
urinary tract infection. The definition of a UTI varies across many studies but can be 
best defined as a positive urinalysis/dipstick plus symptoms suggestive of a UTI and 
a positive urine culture [17]. Dipstick urinalysis is the most readily available and is 
therefore most widely used [18]. A dipstick negative for blood, leucocyte esterase, 
nitrites and protein has a 98% predictive value [19]. However, it is not rare for 
women with LUTS to present with a positive LE or nitrites on a dipstick. A urine 
culture requires laboratory assessment, and results will not be available the same 
day; hence, urine microscopy could be performed in this situation (if available) to 
assess for bacteriuria. Symptom assessment is critical in these situations since bac-
teriuria alone is not a contraindication to urodynamics. A positive urine culture 
without symptoms is simply bacteriuria, not a UTI, and does not require treatment, 
nor should it alter the UDS results. If bacteriuria is suspected based on dipstick or 
microscopy, then the study can proceed, but with antibiotic prophylaxis [18]. In the 
event that a woman does present with symptoms of a UTI and a positive dipstick, 
she very likely has a UTI; hence, a culture should be sent, and the urodynamics 
should be delayed until she is treated [18].

A best practice policy statement on urodynamic antibiotic prophylaxis was pub-
lished in 2017, and based on the available evidence, women with normal genitouri-
nary anatomy and without risk factors do not require antibiotics at the time of UDS 
to prevent UTI. This comprises a large percentage of urodynamics patients, and 
avoidance of antibiotics in this population is a way that we can contribute to antibi-
otic stewardship and avoid the cost and side effects of these drugs. Risk factors 
where antibiotics are recommended either because of increased risk of UTI post- 
procedure or that their medical condition would result in a more serious complica-
tion should they get a UTI include patients with neurogenic lower urinary tract 
dysfunction, bladder outlet obstruction, or elevated post-void residual, age over 70, 
presence of current bacteriuria (known or suspected based on dipstick), immuno-
suppression/corticosteroid use and immune deficiency, chronic catheter use, and 
those patients who have recent total joint implants.

The antibiotic of choice should depend on your local antibiogram generated 
from regional resistance patterns, but in general, a single dose of double strength 
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trimethoprim-sulfamethoxazole is the first choice. Other factors to consider include 
patient allergies and tolerance to antibiotics and prior urine cultures, particularly in 
those women who have recurrent UTIs or known bacteriuria where prior cultures 
can guide antibiotic selection. See the table for a list of antibiotics and risk factors 
requiring antibiotics which can be posted in your urodynamics suite as an easy ref-
erence guide (see Table 4.1) [18].

Other risks of urodynamics studies include urethral trauma from catheter inser-
tion, which can be minimized with good technique and experience; dysuria, which 
can be managed with Pyridium or acetaminophen/ibuprofen as needed; transient 
urinary retention in those patients at risk for retention; and patient physical or emo-
tional discomfort, which can be significantly mitigated with supportive staff.

The anxiety surrounding a UDS test for a patient and the impact of this emotional 
distress and physical discomfort on the test results are real. In a high anxiety state, 
it is more difficult to void, and patient satisfaction with your care will suffer. In an 
academic setting with a dedicated urodynamics nurse that surveyed 314 patients 
about their experience, 50.7% did not find the study either emotionally or physically 
uncomfortable, 55% of patients thought the study experience was better than 
expected, and 37% felt the study was as expected. However, 29% felt the physical 
component was the most uncomfortable with the urethral catheter being the worst 
part. Emotional discomfort was the worst part for 12% of patients with anxiety 

Table 4.1 Antibiotics and risk factors for UTI after urodynamics

Need for peri-procedure antibiotics for urodynamics

Yes No
Antibiotic of choice in order of safety 
and efficacy

Neurogenic lower urinary 
tract dysfunction

Patients without 
genitourinary 
anomalies

1. Trimethoprim sulfamethoxazole DS 
PO

Elevated post-void residual Diabetes 2. Cefalexin 500 mg PO or amoxicillin/
clavulanate 875 mg PO

Asymptomatic bacteriuria Prior genitourinary 
surgery

3. Levofloxacin 500 mg PO or 
ciprofloxacin 500 mg PO or gentamicin 
80 mg IM

Immunosuppression Recently hospitalized 
patients

External urine collection 
device (condom catheter)

History of recurrent 
UTI (not current)

Any form of indwelling 
catheter

Post-menopausal 
women

Intermittent catheterization Nutritional 
deficiencies/obesity

Age over 70 Cardiac valvular 
disease

Total joint wrisk factor or <2 
years

Pins, plates or screws
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being the most commonly reported component (27%), followed by embarrassment 
(18%). Patient factors that predicted less physical discomfort were not surprisingly 
older age and the presence of a neurological condition [20]. Interventions to decrease 
pain and anxiety such as music and informational videos in a randomized trial did 
not decrease these symptoms compared to usual care [21]; however, satisfaction 
with the study has been associated with confidence in the technical ability of the 
provider and the maintenance of privacy [22].

 Systematic Interpretation of a UDS Study

There are many references on standards in urodynamics that discuss the detailed 
nuance of study performance [10, 23–25] that are beyond the scope of this chapter 
but are nonetheless essential reading in good urodynamic performance. Like any 
other complex diagnostic study, having a systematic method of reading the test is 
important for quality control and to ensure findings are not missed.

The cystometrogram involves continuous fluid filling of the bladder with abdom-
inal and intravesical pressure measurements. Cystometry ends with the permission 
to void or with incontinence of total bladder volume [10]. The filling solution and 
rate should be specified. There are two rates of filling possible. One is the maximum 
physiologic filling rate estimated by body weight in kilograms divided by four 
which is typically 20–30 ml/min. However, filling is often faster than this physio-
logic rate for convenience purposes. Also, the patient continues to produce urine 
during the test (up to 25% of the volume); hence, the cystometric capacity is the 
filling volume plus any urine produced. In women, the abdominal pressure can be 
measured with a rectal catheter or a vaginally placed catheter with no difference in 
discomfort or patient acceptability; however, vaginally placed catheters are more 
often lost or expelled [10] and are less reliable.

An easy-to-remember mnemonic for the cystometrogram portion is the 4Cs 
(capacity, compliance, contractions, coughs) and 2Ss (sensation, Sphincter func-
tion), followed by the pressure flow portion of the study.

The pressure flow study begins immediately after permission to void and ends 
when the detrusor pressure returns to baseline or the patient considers voiding com-
plete. It is important to note that the values analyzed are only valid for a voluntary 
void and not a leak generated by an incontinence episode/DO. Values should be 
measured for maximum urine flow in ml/s (Qmax) and the detrusor pressure at the 
maximum flow (PdetQmax) as well as any abdominal straining during voiding 
detected in Pabd, the shape of the voiding curve, and sphincter relaxation noted as 
relaxation on electromyography (EMG). Pressure flows are often plotted with the 
flow on the x-axis and pressure on the y-axis in a time-based graph. The shape of the 
flow curve can be a smooth arc, flat, or fluctuating [26]. See Table 4.2 and Fig. 4.2 
for examples of systematic reading of a UDS study.
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Table 4.2 Systematic urodynamics reading guide

Systematic 
reading 
mnemonic Measurement Units Normal value

Cystometrogram
Capacity Maximum cystometric capacity 

(MCC)
ml, only accurate 
within 10 ml

Approx. 500 ml in 
women

Compliance Δvolume/Δpressure ml/cmH2O >20 associated with 
upper tract 
deterioration, but 
typically much higher

Contractions Presence of DO during CMG 
portion of the study (can also be 
seen as an aftercontraction in 
PFS)

Present or absent
Duration (seconds), 
amplitude Pdet 
(cmH2O), and 
concomitant leaks 
reported

Absent

Coughs Both Valsalva leak point pressure 
(VLPP) and Cough leak point 
pressure (CLPP) maneuvers. 
Collectively, these are called 
abdominal leak point pressure 
ALPP

cmH2O Absent

Sensation Record:
First sensation of filling (FSF)
First desire to void (FDV)
Strong desire to void (SDV) and 
any urgency episodes

ml No specified values 
but identified as 
normal, absent, 
reduced, and 
increased
Expect FSF at 30% of 
capacity and FDV at 
60%

Sphincter 
function

Does EMG rise with maneuvers? EMG measured 
with two surface 
electrodes on the 
perineum

EMG should rise with 
maneuvers

Pressure flow:
PDetQmax Detrusor pressure at maximum 

flow
cmH2O Tends to be lower in 

women, and can be 
0 in normal women

Qmax Maximum flow Ml/s Can be very high in 
women, no upper 
limit of normal

Straining Abdominal pressure rise and 
vesical pressure rise

Present or absent Not always 
pathological, as some 
people augment 
voiding with 
abdominal contraction

Sphincter 
relaxation

EMG reading Should decrease with 
void
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 Urodynamic Diagnoses

In reality, there are only a handful of diagnoses that can be made with pressure flow 
urodynamics. These include SUI, DO, detrusor underactivity/atonic bladder, blad-
der outlet obstruction (functional or anatomic), and poor bladder compliance. The 
addition of fluoroscopy during the study can increase diagnostic information, but is 
not typically needed unless anatomic anomalies are suggested. During urodynamic 
interpretation, if one keeps this list of possible diagnoses in mind, it simplifies read-
ing studies.

 Stress Urinary Incontinence

Stress urinary incontinence is defined as “the complaint of involuntary loss of urine 
on effort or physical exertion or sneezing or coughing” [27]. It is diagnosed on uro-
dynamics either with urine leakage demonstrated during cough maneuvers or 
Valsalva in the absence of a detrusor contraction. During the cystometrogram, a 
Valsalva and a series of three progressively stronger coughs are performed at 200 ml 
filling and again at bladder capacity. If there is leakage in the absence of detrusor 
overactivity, then SUI is diagnosed. If leakage is observed, a value is recorded as the 
cough leak point pressure (CLPP) or a Valsalva leak point pressure (VLPP), with 
the lowest recorded value being the abdominal leak point pressure (ALPP). There is 

Compliance: 170/9= 19

Contractions? no

Sphincter: N

Sensation: early

Capacity 170 ml

Cough: no leak

PdetQmax= 50cmH2O

Qmax=9 ml/sec

Straining: no

Fig. 4.2 Systematic reading of a urodynamic study. Female with new-onset urgency post sling. 
Diagnosis: small bladder capacity, borderline normal compliance, no DO, no SUI, early urgency, 
normal sphincter guarding with cough, and relaxation with void. With a flow of 9  ml/s and 
PdetQmax of 50 cmH2O, a diagnosis of BOO is made based on all definitions and fluoroscopic 
images show urine pooling in the urethra (Fig. 4.8b)
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no standard pressure recording that is universally accepted with some recording, the 
abdominal pressure reading (Pabd), and others utilizing the vesical pressure record-
ing (Pves). Cough LPP tend to have higher pressures than Valsalva [28], and the 
CLPP or VLPP pressure is recorded at the exact moment where the leakage is 
observed. A cough is so brief that this can be difficult to pinpoint. It has been 
observed that both of these values decrease with increased bladder volumes during 
the study and that those women with worse urinary incontinence tend to have lower 
recorded abdominal leak point pressures [28]. If clinical suspicion is very high for 
SUI and no leakage is observed, it is appropriate to repeat maneuvers at maximum 
cystometric capacity (see Fig. 4.3) and to have the woman do extra maneuvers such 
as going from sitting to standing or jumping if that is what causes her to leak 
at home.

A potential error in the diagnosis of SUI on urodynamics can occur if the maneu-
vers are performed with the urodynamics catheter in place. Even though it is of a 
small caliber (7F) and most women with SUI (>90%) will leak with the catheter in 
place, there are women with SUI on physical exam who fail to leak during UDS, 
and removing the catheter will “unmask” SUI.  Up to 50% of women with SUI 
symptoms, but no leakage during UDS, will demonstrate SUI once the catheter is 
removed [29]. These women do not necessarily have high leak point pressures with 
the mean VLPP in this study being only 67 cmH2O. Hence, if a woman has SUI on 
history or this is seen on bedside examination, but not reproduced during UDS, the 

Fig. 4.3 SUI: Woman with symptoms of SUI not demonstrated on full bladder exam hence uro-
dynamics performed. SUI was not demonstrated at 200c; hence, maneuvers were repeated at 250, 
300, and 390 ml. Small volume leak not recorded on flow (black arrow), but a leak on fluoroscopy 
seen at 390 ml with cough
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catheter should be removed and maneuvers repeated. To avoid the need for a new 
urodynamics catheter during the pressure flow portion of the procedure, the voiding 
portion of the test can be completed and then the bladder refilled and the catheter 
removed for stress maneuvers [9]. Attention should be paid to patient positioning; a 
woman who only leaks standing is not going to leak supine and will be unlikely to 
leak sitting. Hence, maneuvers should be repeated in the position she leaks.

Intrinsic sphincter deficiency is clinically important to diagnose prior to inconti-
nence surgery since procedure success is diminished, particularly for transobturator 
synthetic slings [30]. This can be diagnosed with maximum urethral closure pres-
sure, which is difficult to interpret due to varying measurement techniques and dif-
ferent reference values depending on the catheter type used [30]. As such, ALPP is 
more commonly utilized to diagnose ISD. ISD was most often cited with a cutoff 
value of <60 cm H20 [30], but the most recent definition of ISD has now evolved to 
an imprecise subjective diagnosis. The International Continence Society now 
defines ISD as a “very weakened urethral closure mechanism.” [31]

 Detrusor Overactivity

Detrusor overactivity is defined as a non-volitional rise in detrusor pressure during 
filling either spontaneous or provoked. Provocative maneuvers include a supraphys-
iologic filling rate, a change of position, cough, laugh, or handwashing/water run-
ning. It can be accompanied by a sensation of urgency, or the patient may be unaware 
(see Fig. 4.4).

The pressure rise can result in urine loss during the contraction. There is no mini-
mum threshold of detrusor pressure considered diagnostic of DO (low amplitude 
DO example in Fig. 4.6), but the higher amplitude and longer duration of contrac-
tions imply worse disease and can predict renal deterioration in NGLUTD [32]. DO 
is considered idiopathic in patients without neurological disease and considered 
neurogenic DO in those with a clinical history of these conditions [31]. There is no 
visible difference between these two conditions on the tracing, and urodynamics 
cannot be utilized to diagnose a neurological disease. An “after contraction” is a 
continued or new detrusor pressure that rises immediately after the flow has ended 
[10] and is also diagnostic of DO. There is also a known phenomenon of “cough- 
associated detrusor overactivity,” which is an onset of DO that occurs immediately 
following the cough maneuvers and can be mistaken by patients as SUI, but will be 
evident as DO on UDS [10]. See Fig. 4.5.

Common artifacts that can be confused with DO are rectal vault contractions or 
passage of gas during maneuvers that can cause a transient drop in Pabd [23]. Also, 
similarly to SUI, DO is more likely to occur in the upright position, so a woman 
should be at least in the seated position for the study [10].
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 Detrusor Underactivity or Atonic Bladder

Incomplete bladder emptying, straining to void, slow flow, or total urinary retention 
in women can be a result of bladder outlet obstruction or poor bladder contractility. 
These diagnoses are difficult to differentiate with anything but a pressure flow study 
during UDS. Further complicating this diagnostic dilemma is that some women will 
not be able to generate a bladder contraction or void during the UDS study due to 
anxiety or discomfort, and in these cases, a definitive diagnosis cannot be made. 
This is defined as “situational inability to void as usual” and should be discussed 
with the patient if they express that this voiding episode has not been representa-
tive [10].

Detrusor underactivity is a urodynamic diagnosis defined as a contraction of 
reduced strength and/or duration, resulting in prolonged bladder emptying and/or a 
failure to achieve complete bladder emptying within a normal time span. It is impor-
tant to remember that many women void volitionally without any difficulty, with a 
very low detrusor contraction, or with augmented abdominal straining, and this is 
not pathological. There are varying criteria used to diagnose DU in women. Groutz 
defined it as a Qmax<12 ml/s with a void of at least 100 ml or a PVR of 150 ml on 
two or more free uroflow readings [33]. Abarbanel and Marcus use the criteria of 

Fig. 4.4 Detrusor overactivity and functional obstruction: A woman with incontinence and pelvic 
pain. DO of high amplitude 80 cmH2O at 38 ml, no SUI, small bladder capacity 131 ml with a 
painful void with evidence of obstruction with PdetQmax of 56 and evidence of significant EMG 
firing. (Fig. 4.8e of spinning top appearance of the bladder)
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PdetQmax<30 cmH2O and Qmax<10  ml/s during pressure flow study [34], and 
Gammie et al. [35] used PdetQmax <20 cmH2O and Qmax <15 ml/s voiding less 
than 90% without any clinical obstruction. In men, bladder contractility index has 
been used to define DU with a BCI < 100 being diagnostic [13]. See Fig. 4.6.
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Fig. 4.5 Cough associated DO: episode of DO immediately following cough and Valsalva maneu-
vers “cough associated detrusor overactivity” in a woman with subjective symptoms of SUI based 
on leakage after coughing
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In a large series of 1015 women with non-neurogenic LUTS evaluated urody-
namically, 15% had DU utilizing the Groutz definition, 10% by the Ababarnel cri-
teria, and 6% with the Gammie criteria. The latter two criteria are both deemed 
clinically significant at differentiating between those with and without DU [36]. 
Straining is seen as an increase in both the Pves and Pabd pressure. This can be 
observed during position changes or during attempts to void [10]. See Fig. 4.6.

 Bladder Outflow Obstruction

Bladder outflow obstruction (BOO) is often called bladder outlet obstruction; how-
ever, the new correct terminology is bladder outflow obstruction [10]. The diagnosis 
of BOO in women is more difficult than in men due to a lack of consensus on a 
urodynamic diagnosis [37]. Several nomograms exist but all characterize BOO as 
an increased detrusor pressure and reduced urine flow rate.

Fig. 4.6 Detrusor underactivity and DO: An 84-year-old with incontinence and straining to void 
after radiation treatment for cervical cancer 30  years ago. She has borderline compliance 
194 ml/12 cmH2O = 16. There is a small DO episode black arrow with no leak. During pressure 
flow, PdetQmax = 22 cmH2O, Qmax = 9 ml/s., straining: yes- see red box BCI=PdetQmax+5Qmax =  
22 + 9 * 5 = 67
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Groutz et al. defined urethral obstruction as a persistently low free flow rate of 
less than 12 ml/s combined with a detrusor pressure at maximum flow greater than 
20 cm H2O during the pressure-flow study [33]. Lemack & Zimmern suggested that 
women with voiding detrusor pressure of 25 cm H2O or more, together with a flow 
rate of 12 ml/s or lower, were obstructed [38]. Kuo defined bladder outflow obstruc-
tion as a voiding detrusor pressure of 50 cm H2O or greater together with a narrow 
urethra on voiding cystourethrography [39]. Blaivas and Groutz developed an often 
used obstruction nomogram based on statistical analysis of the maximum detrusor 
pressure during the pressure-flow study of voiding, together with the maximum flow 
rate Qmax in repeated free uroflow studies. Patients with pdetQmax greater than 
57 cm H2O were classified as either moderately or severely obstructed. Those with 
pdet below 57 cm H2O were classified as either mildly obstructed or unobstructed, 
depending on the value of free Qmax. Among a group of 600 consecutive women, 
6% were mildly obstructed, 2% were moderately obstructed, and fewer than 1% 
were severely obstructed [40]. Nitti et al. defined obstruction qualitatively as radio-
graphic evidence of narrowing in the presence of a sustained detrusor contraction. 
For obstructed women, the mean values of pdetQmax and Qmax were 43 cm H2O 
and 9 ml/s, respectively [41].

Akikwala [42] compared the different approaches to diagnosis in a cohort of 91 
women with 25 having likely obstruction and found that the definition proposed by 
Nitti had the greatest concordance [42]. Most recently, Solomon and Greenwell 
[43] created a new nomogram proposing a female BOOI calculated as 
PdetQmax-2.2Qmax. If fBOOI is <0, then there is a less than 10% chance of 
obstruction and if fBOOI>5 then 50% chance of obstruction. This nomogram was 
validated in a patient population of women undergoing surgery for relief of obstruc-
tion where the nomogram was accurate at predicting symptom relief following sur-
gery [44]. See Fig. 4.2 for an example of BOO due to a sling (anatomic) and Fig. 4.4 
for BOO due to voiding dysfunction (functional).

There are only a handful of possible etiologies that could cause BOO in women 
which include fixed anatomical obstructions such as an overtightened urethral sling, 
urethral stricture, pelvic organ prolapse, or malignancy. There is a suggestion that 
UDS are not needed in the case of a suspected obstruction following sling surgery 
since a clinical history of new significant voiding symptoms is essentially diagnos-
tic of obstruction and UDS are only needed in those cases where there are exclu-
sively storage symptoms [45]. The other large category of BOO is functional 
obstructions, which is a failure of the outlet to relax. These functional obstructions 
include dysfunctional voiding, which is “an intermittent and/or fluctuating flow rate 
due to involuntary intermittent contractions of the periurethral striated muscle dur-
ing voiding in neurologically normal individuals,” [27] or detrusor sphincter dys-
synergia, which is “a detrusor contraction concurrent with an involuntary contraction 
of the urethral and/or periurethral striated muscle.” Occasionally, the flow may be 
prevented altogether. The easiest way to differentiate between these conditions is 
clinical history as a person can only have DSD due to a neurological condition with-
out exception.
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The presence of the urodynamics catheter is proposed to possibly impact flow 
rate. Groutz looked at flow rates with a 7F catheter in place compared to a free flow 
study and found a decrease in flow with the catheter in place [46]; however, other 
studies have not found this same impact [47]. It does however seem prudent that if 
the urodynamicist has doubt of the validity of a uroflow during the UDS with a 
catheter in place, a free flow can be performed to ensure the catheter is not causing 
obstruction or discomfort preventing voiding.

 NGB Safety or Poor Compliance

The detrusor leak point pressure (DLPP) is the lowest detrusor pressure at which 
urine leakage occurs in the absence of either a detrusor contraction or increased 
abdominal pressure [48]. Detrusor leak point pressure measurement was introduced 
in myelodysplastic children as an indicator of the risk of upper urinary tract deterio-
ration [48]. In these patients and others with neurogenic lower urinary tract dys-
function, the detrusor leak point pressure is important because a high value is 
correlated with a higher risk of upper urinary tract pathology. The absolute value 
associated with worse risk has historically been 40 cmH2O [48] but may be higher 
in adult populations [32]. Non-neurogenic patients do not have a DLPP, and this 
term is often confused with ALPP or leaking occurring with an episode of DO.

The primary reason for performing UDS studies in patients with NGLUTD is 
that their upper urinary tract can be at risk from their disease and some of these 
urodynamic findings do not have obvious symptoms. In a large systematic review 
[32], those patients with spina bifida and spinal cord injury as their neurological 
diagnosis were at higher risk of upper tract deterioration, specifically hydronephro-
sis, than those with multiple sclerosis. Poor bladder compliance and high DLPP 
both put patients at risk.

Bladder compliance is defined as the change in volume over the rise in detrusor 
pressure during filling cystometry (see Fig. 4.7).

 Compliance volume pressure= ∆ ∆/  

This calculation ignores any episodes of detrusor overactivity, and these can 
make the calculation more difficult. Also, a sustained bladder contraction can mimic 
loss of bladder compliance but will abate if filling cytometry is stopped. This is a 
good way to determine if the pressure rise is DO or loss of compliance. Cutoffs for 
normal compliance vary from <10 to <30 ml/cmH2O, but in most neurologically 
intact individual’s compliance, it is well over 100 ml/cmH2O.

Detrusor overactivity is a common finding in patients with NGLUTD occurring 
in approximately 60% [32] and is a clear explanation for urinary incontinence. The 
Pdetmax of contractions ranges from 35 to 115 cmH2O and pressures above 
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75 cmH2O are an independent risk factor for UUTD [32]. The duration of the con-
traction ranges from 48 to 236  s with higher duration predicting hydronephrosis 
(236 vs 114 s). DSD is seen in up to 44% of patients with NGLUTD and is another 
predictor of UUTD.

 Anatomic Diagnoses Seen on Fluoroscopy

Simultaneous fluoroscopy during UDS utilizing contrast-based bladder filling 
media provides additional anatomical information, with the added burden of fluo-
roscopic equipment and radiation exposure to the patient and urodynamicist. The 
additional information can be of great benefit particularly in the NGLUTD popu-
lation [49] where vesicoureteric reflux and bladder neck abnormalities can be 
clearly visualized. Other populations where fluoroscopy can be of benefit are 
women with retention where the source of obstruction can be seen and assists in 
the diagnosis of sling obstruction location, pelvic organ prolapse as a source of 
obstruction, and the classic spinning top bladder of voiding dysfunction. Other 
findings can include urethral diverticulum, bladder diverticulum, or trabeculations 
(Figs. 4.8 and 4.9).

End of tonus
filling limb

Episodes of
detrusor overactivity

Volume (∆V)

pdet

(∆p)

Fig. 4.7 Compliance calculation: solid yellow area represents best-fit pressure-volume relation-
ship for calculation of compliance. Note only the initial compliance curve is used in the calculation 
and not terminal compliance or episodes of detrusor overactivity
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a b c

d e f

Fig. 4.8 Urethral findings on fluoroscopy: (a) primary bladder neck obstruction seen during void-
ing, (b) contrast held up at the level of a sling with pooling of the contrast, (c) DSD and trabecu-
lated bladder in a woman with MS, (d) severe BOO with sling placed at the distal urethra causing 
massive obstruction and ballooning of urethra with the void, (e) voiding dysfunction with spinning 
top bladder with the void, (f) urethral diverticulum discovered incidentally
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 Conclusion

Urodynamics is a powerful tool in the diagnosis of LUTD in women and are best 
used when less invasive investigations do not yield a diagnosis, and accurate diag-
nosis is important to the treatment of the patient. Urodynamics interpretation is best 
done systematically with a cautious eye for artifacts in the tracing and knowledge of 
the patient’s clinical condition to ensure results are congruent. Urodynamics testing 
is also more useful when a clear and concise diagnostic question is formulated 
before undertaking the test to ensure the most accurate results are achieved. 
Urodynamics can reliably diagnose SUI, DO, DU, BOO, and poor bladder compli-
ance, and the addition of fluoroscopy can further identify anatomical anomalies in 
those select patients where it is needed.

a b

c d

Fig. 4.9 Bladder and ureteral findings seen on fluoroscopy: (a) grade 4 bilateral reflux in a neuro-
genic bladder, (b) large bladder diverticulum, (c) cystocele causing BOO during the void, (d) 
severe bladder trabeculations causing a Christmas tree-shaped bladder associated with poor blad-
der compliance
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Chapter 5
Historical Treatment of SUI and UUI 
in Women

Justina Tam and Una J. Lee

 Introduction

Urinary incontinence in women is highly prevalent, affecting a reported 5–70% of 
the population, with increasing prevalence associated with increasing age [1]. With 
its high prevalence, the desire for effective treatments, and advancements in the 
pathophysiologic understanding of the continence mechanism, procedures for uri-
nary incontinence have evolved over time. These procedures reflect various surgical 
techniques and the contemporaneous anatomic and functional understanding of uri-
nary incontinence. Although many of these historical surgical procedures are no 
longer performed, a foundational understanding of these techniques is important to 
appreciate the current state of urinary incontinence surgery in women. Also, patients 
may have undergone prior anti-incontinence procedures that have resulted in altered 
anatomy or physiology, so an understanding of these procedures is essential to treat-
ing women with prior surgery. The objective of this chapter is to review historical 
treatments of stress urinary incontinence and urgency urinary incontinence 
in women.

The first written sources dealing with urinary incontinence were Egyptian manu-
scripts from the second millennium BC, which described devices for male urine 
collection and pessaries for women [2]. Since then, noninvasive treatments such as 
female urethral plugs, electrotherapy, surgical excision of part of the urethral wall to 
narrow the urethral diameter, and urethrolysis followed by torsion of the urethra are 
among some of the treatments described for the treatment of stress urinary inconti-
nence [2]. Herein, we describe historical techniques for urinary incontinence that 
modern-day urologists may encounter.
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 Native Tissue Plication

The Kelly plication, performed by Howard A. Kelly in 1900, was the first described 
surgical technique used in the management of female stress urinary incontinence 
(SUI) that became a routine clinical procedure. This technique involves anterior 
colporrhaphy, which was first described by Schultz at the end of the nineteenth cen-
tury [3], and plication of the bladder neck using mattress sutures placed in the endo-
pelvic fascia [2, 4], which narrows the posterior urethrovesical angle to improve 
continence [5]. In this procedure, a vertical incision is made in the vaginal wall and 
dissected free laterally, exposing the bladder neck and the paravaginal space [3]. 
The endopelvic fascia is sutured together to create a bridge of tissue in the midline 
to support the bladder neck and proximal urethra (Fig. 5.1).

The anterior colporrhaphy-Kelly plication was utilized and studied throughout 
the 1980s with multiple publications documenting the effectiveness; however, long- 
term outcomes have not been as successful with a 37% 5-year objective success rate 

a b

Fig. 5.1 Anterior colporrhaphy with Kelly plication. (a) The vaginal mucosa is opened, and inter-
rupted sutures are placed under the urethra. (b) Completed colporrhaphy with midline plication 
using interrupted sutures. Preferential support is provided to the proximal urethra over that pro-
vided to the bladder neck. (Figure from Maher and Karram [6])
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[7] and 46.81% rate of objective stress urinary incontinence at 5 years [8]. By the 
2000s, the Kelly plication surgery had been largely replaced by other urinary incon-
tinence surgeries [9, 10] (Table 5.1).

The Ingelman-Sundberg pubococcygeal repair, described in 1947 [11], used 
an arcuate incision below the external urethral meatus in the anterior vaginal wall, 
followed by suturing of bladder ligaments, pubococcygeal muscles, and bulbo-
cavernosus muscles to the midline to support the urethra [12] (Fig. 5.2). Long-
term outcomes at up to 3 years of a follow-up demonstrated a cure rate of 92% 
[14], and at 10–20 years of follow-up, patient-reported cure rates were 56.2–84% 
[12, 15]. There was a high rate (54.9%) of either recurrent rectocele after concur-
rent rectocele repair or development of rectocele during the follow-up period, 
which the author speculates may be due to cutting of the medial portion of the 
levator ani or related underlying insufficiency of the connective tissues [12].

 Autologous Tissue Retropubic Slings

Retropubic slings using autologous tissue were first performed using muscle, with 
the belief that the muscle would contract like a sphincter [5]. The first of these was 
described by Van Giordano in 1907, who used gracilis muscle, followed by Goebell 
in 1910 using pyramidalis muscle, and Frangenheim in 1914 who used the 

Table 5.1 Trends in the surgical management of stress urinary incontinence among female 
Medicare beneficiariesa

Procedure 2002 2003 2004 2005 2006 2007 Total

Pubovaginal sling 25,840 
(5270)

28,580 
(5749)

31,480 
(6269)

31,640 
(6185)

33,300 
(6525)

33,880 
(6693)

184,720

Injectable bulking 
agents

14,100 
(2875)

12,100 
(2434)

11,300 
(2250)

10,160 
(1986)

10,980 
(2151)

11,320 
(2236)

69,960

Urethropexy 4340 
(885)

2480 
(499)

1820 
(362)

1360 
(266)

1080 
(212)

820 
(162)

11,900

Hysterectomy with 
colpo-urethropexy

2900 
(591)

3320 
(668)

2740 
(546)

2280 
(446)

2440 
(478)

3100 
(612)

16,780

Raz-type suspension 1100 
(224)

680 
(137)

480 (96) 320 (63) 220 (43) 100 (20) 2900

Laparoscopic repair 680 
(139)

600 
(121)

540 
(108)

480 (94) 500 (98) 560 
(111)

3360

Pereyra procedure 240 (49) 140 (28) 100 (20) 160 (31) 40 (8) 40 (8) 720
Kelly plication 140 (29) 120 (24) 140 (28) 220 (43) 140 (27) 80 (16) 840
Total 49,340 48,020 48,600 46,620 48,700 49,900 291,180

Table from Rogo-Gupta et al. [10]
aData are presented as counts, which were calculated from unweighted counts multiplied by 20, 
and the data in parenthesis are rates per 100,000 female Medicare beneficiaries with a primary 
diagnosis of urinary incontinence
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pyramidalis muscle and rectus fascia [2, 3, 5]. In 1917, Stoeckel suggested a com-
bination of the pyramidalis muscle–rectus fascia sling with transvaginal muscular 
plication of the bladder neck; this procedure is now known as the Goebell-
Frangenheim- Stoeckel operation [2]. In this procedure, a pedicled strip of vertical 
rectus fascia with attached pyramidalis muscle is split and rotated suburethral to 
encircle the urethra from either side. This technique has a reported 84–88% rate of 
success [16, 17], with a decrease in success at 2 years reported in one study [16] and 
between 91.5% and 96% continence at mean 68-month follow-up in another [17]. 
Moderate to very excellent results were reported by 73% of patients, and poor 
results were reported by 27%. Postprocedural complications for this procedure 
include temporary urinary retention requiring intermittent catheterization (60%), 
irritative symptoms (37.5%), and minor urethral obstruction (12.5%) [17].

a b c

d e f

Pubococcygeus

Pubococcygeus
anterior
portion

Pubococcygeus
anterior
portionPubococcygeus

posterior
portion

Pubococcygeus
posterior
portion

Bulbo-
cavernosus

Pubococcygeus

The bladder
ligaments

Cervix Cervix 

Fig. 5.2 Ingleman-Sundberg pubococcygeal repair. The anterior vaginal mucosa is opened (a, b) 
to allow the identification of bladder ligaments, pubococcygeal muscles, and bulbocavernosus 
muscles, which are then sutured to the midline to support the urethra (c–f). (Figure from Ingelman- 
Sundberg [13])
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A vaginal sling procedure using a strip of vaginal tissue including the vaginal 
epithelium has also been described [18]. This strip of tissue is placed posterior to 
the urethra with the ends of the strips passed to the anterior abdominal wall and 
sutured together, just superior to the pubic symphysis [18] (Fig. 5.3). The author 
reported that 16/19 patients were cured, 2 were improved, and 1 had subsequent 
abdominal trauma resulting in rupture of the sling and recurrence of inconti-
nence [18].

While techniques utilizing muscle tissue and vaginal epithelium are no longer 
commonly in use, modifications of these procedures using fascia alone are currently 
in use, including autologous fascia lata which was described by Price in 1933 as a 
retropubic approach in which the fascia lata strip is passed under the urethra and the 
ends of the strip are secured to the rectus muscle [19], and the Aldridge modification 
described in 1942 which uses transverse strips of anterior rectus fascia that are 
anchored at the midline and passed through a retropubic approach beneath the ure-
thra and sutured together [20, 21]. Rates of cure after an Aldridge-type fascial sling 
have been reported to vary between 78% and 86% [22–24], falling to 71% over a 
16-year period [25]. The long-term outcomes and complications associated with 
retropubic autologous rectus fascia and fascia lata slings, which are currently still in 
use, will be described in Chap. 17.

a b c

Fig. 5.3 Vaginal sling procedure described by Ingelman-Sundberg. (a) Two flaps about 15 mm 
wide are cut through all layers of the vagina. (b) After a catheter has been introduced into the blad-
der, a small incision is made just above the pubic symphysis; a clamp is then passed through the 
space of Retzius to meet the finger placed in the vagina in the tissue lateral to the urethra. The 
procedure is repeated on both sides. (c) Vaginal epithelium flaps are passed to the anterior abdomi-
nal wall, superior to the pubic symphysis, and sutured together. (Figure from Ingelman- 
Sundberg [18])
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 Cystourethropexy

The Marshall-Marchetti-Krantz cystourethropexy (MMK) was described in 1949 
and is a retropubic procedure in which sutures are placed into the periurethral  tissues 
and bladder neck and onto the periosteum of the pubis or cartilage of the pubic 
symphysis to displace the urethra and bladder neck superiorly and anteriorly [26] 
(Fig. 5.4). Additional sutures were also placed into the serosa of the bladder and 
rectus muscles to pull the bladder anteriorly into the space of Retzius, to help ele-
vate the bladder along with the bladder neck during coughing or lifting [26]. 
Subjective continence rates after MMK were reported to be 92% and 84.5% in those 
with prior failed incontinence surgery [27]. Long-term subjective continence rates 
were reported to be 85.7% at 5 years and 75% at 15 years [28]. Reported complica-
tions of the MMK cystourethropexy include a reported 0.74–2.5% rate of osteitis 
pubis [27, 29] and ureteral obstruction secondary to suture placement causing ure-
terovesical junction obstruction [30].

The Burch procedure originated when John C. Burch reported difficulties with 
suture placement secondary to poor visualization and the periosteum of the poste-
rior pubic symphysis not holding sutures in place during the MMK [31]. Initially, in 
the Burch colposuspension, sutures were placed in the paravaginal tissues lateral to 
the bladder neck and proximal urethra, and these tissues were suspended with 
sutures toward the tendinous arch of the fascia pelvis. This was later modified to 
utilize ipsilateral iliopectineal (Cooper’s) ligaments on the pelvic sidewalls [32] 
(Fig. 5.5). Additional sutures could also be placed at the level of the lateral vaginal 
fornix and secured to the iliopectineal ligament to provide support to a lateral or 
paravaginal defect. A Cochrane analysis reported that overall continence with the 
Burch procedure was 85–90% within the first year and 70% after 5 years [34]. This 
procedure may be performed via both an open or a laparoscopic approach, and data 
from a Cochrane analysis suggest that open and laparoscopic colposuspension are 

ba

Fig. 5.4 Marshall-Marchetti-Krantz cystourethropexy (MMK). (a) Sagittal section demonstrating 
location paraurethral sutures on the left. (b) Sutures tied down demonstrating urethra, bladder 
neck, and bladder displaced superiorly and anteriorly. (Figure from Marshall et al. [26])
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equally effective for treating incontinence in the short term [35]. Reported compli-
cations associated with Burch colposuspension include postoperative hematoma or 
transfusion in 2% [36], which is believed to be related to paravaginal vein injury due 
to inadequate tissue exposure prior to suture placement [32], bladder injury (up to 
9.6%, more common with prior pelvic surgery), ureteral kinking (up to 2%), urinary 
tract infection (UTI) (up to 40% depending on how UTI was defined), wound infec-
tion (up to 10.8%), urinary retention (<3%), de novo detrusor instability (up to 8%), 
dyspareunia (up to 4%), and postoperative enterocele or other genital organ pro-
lapses (7.6%–26.7%) [36–40]. With regard to genital organ prolapse related to 
Burch colposuspension, its etiology is unclear; however, this predisposition may be 
due to a mechanical change in the orientation of the vagina [40], may be related to 
the natural history of pelvic organ prolapse [32, 39], or may be due to neurologic 
damage of the pelvic floor muscles related to the procedure [41]. This procedure 
still in use is described in Chap. 15.

 Needle Suspension Procedures

A number of needle suspension procedures have historically been performed, all 
with the goal of correcting SUI by returning the urethra to a well-supported position 
using sutures placed in the paraurethral tissues by passing a needle through small 
lower abdominal and vaginal incisions. In 1959, Pereyra described a technique 
involving the passage of a special needle through a small suprapubic incision 

Fig. 5.5 Burch 
colposuspension. Figure of 
8 sutures were placed on 
each side of the proximal 
urethra and bladder neck 
and brought up through 
ipsilateral iliopectineal 
(Cooper’s) ligaments. 
(Figure from Baggish and 
Karram [33], Fig. 34.4)
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[42–44]. After the vaginal epithelium has been dissected away from the paraurethral 
tissues, the needle is passed behind the pubic bone and lateral to the urethra and 
guided out onto a finger through into the paraurethral tissue (Fig. 5.6). The original 
procedure described the passage of steel wire to support the tissues, resulting in two 
loops of wire, with each wire passing through the abdominal wall, the paraurethral 
tissues, and then back up to the abdominal wall. The wires are then tensioned to 
provide the appropriate elevation of the urethra and bladder neck and tied at the 
level of the rectus fascia. As these wires were expected to cut through the vaginal 
and paraurethral tissues over time, the support was expected to be maintained by the 
development of scar tissue while they were held in this position by the wires. 
Cautery was also applied along the proximal, lateral urethra, to aid in this goal of 

a b

Fig. 5.6 Peyrera needle suspension. (a) The Peyrera cannula consists of an angled tip needle with 
a hollow shaft and a stylet which is inserted through the hollow shaft. Each pointed end is fitted 
with an eye for carrying a suture. (b) The Peyrera cannula is passed above the pubic symphysis and 
into the periurethral tissue lateral to the urethra. The stylet is then passed through the cannula and 
exits at a second point in the periurethral tissue. A similar suture is placed on the opposite side, and 
both sutures are tied over the rectus fascia to suspend the urethra. (Figure from Kursh et al. [43])
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scar tissue development. Cystoscopy was not performed as part of this procedure, 
resulting in potential passage of the wire through the bladder. This procedure was 
eventually modified to include the use of chromic suture rather than steel wire. 
Further modifications to this technique involved exposure of pubourethral liga-
ments, which were then included in the suspension sutures [45, 46], as well as the 
Stamey and the Raz modifications of the procedure, which are described later in this 
chapter. Reported success rates have been variable, with Peyrera and Lebherz 
reporting a 94% cure or marked improvement rate during 12–24-month follow-up 
[44] and longer-term follow-up data demonstrating an 81.6% rate of complete 
absence of SUI in women with uncomplicated recurrent SUI, during a mean follow 
up of 36.3 months [47]. However, other authors reported lower cure rates of <50% 
at 1 year and 53.6% at an average follow-up of 23.2 months [43, 48]. Complications 
associated with the modified Pereyra needle suspension procedure included wound 
infection (5.5%), urinary tract infection (3.7%), vaginal-wall hematoma (3.7%), 
new-onset urge incontinence and de novo detrusor instability (11.1%), postopera-
tive obstructive voiding requiring intermittent self-catheterization (9.3%), entero-
cele (5.6%), and recurrent cystocele or rectocele (5.6%) [47].

In 1973, the Stamey procedure was described, involving a vaginal incision and 
suspension of the urethra and bladder neck accomplished by placement of nylon 
monofilament suture with 1 cm of 5 mm diameter polyethylene terephthalate Dacron 
tube as buttresses on either side of the urethra (Fig. 5.7). The sutures were tied to 
themselves, ipsilaterally, without crossing the midline, with moderate tension [46]. 
Cystoscopic control of this type of procedure was first introduced by Stamey as a 
part of this procedure to assess suture placement and needle passage. Long-term 
follow-up evaluations suggest that the cure rate declines over time, with variable 
rates of success. The reported 10-year cure rate ranges from 33% to 76.4%, [50, 51] 
with a 15-year cure rate of 47.9% [52]. Another study with a mean follow-up of 
66 months demonstrated that 50% of patients remained completely continent for the 
entire follow-up, 11.5% had initial failure, and 38.5% with initial complete conti-
nence developed recurrence 6–90 months after the procedure [53]. Patients were 
also asked about their satisfaction with the results of the procedure, with 35.7% 
reporting being completely cured, 27% with substantial improvement, 12.7% with 
minor improvement, 12.7% with no change, and 11.9% with worse results. Reported 
complications included peritoneal perforation with acute abdomen requiring lapa-
rotomy (1.1%), bleeding/hematoma (2.7%), infection (31.1%), prolonged suprapu-
bic pain (6.5%), and obstruction to urine flow (8.2%) [53].

The Raz procedure, reported in 1981, utilized placement of a suprapubic catheter 
and an inverted U-shaped vaginal incision with perforation of the endopelvic fascia 
and development of the retropubic space through the vaginal incision [54]. 
Nonabsorbable polypropylene sutures are placed bilaterally in a helical fashion to 
include the pubocervical fascia, the medial cut edge of the urethropelvic ligament, 
and the vaginal wall without including vaginal epithelium (Fig. 5.8). A suprapubic 
incision is then made and dissected down to the anterior rectus fascia. A ligature 
carrier needle is passed through the suprapubic incision and into the vagina, and the 
vaginal sutures are then transferred to the suprapubic incision and tied together, 
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Fig. 5.7 Stamey needle 
suspension procedure. 
Sutures are placed 
bilaterally with buttresses 
on either side of the 
urethra. (Figure from 
Hilton and Mayne [49])

a b c

Fig. 5.8 The Raz needle suspension procedure. (a) Placement of bladder neck suspension sutures. 
(b) Use of the double-pronged ligature passer (Raz needle passer) to transfer sutures from the 
vagina to the suprapubic region. Under finger guidance, the tips of the passer are transferred from 
the suprapubic incision to the vaginal incisions. (c) Sutures are transferred through the eyes of the 
Raz needle passer and retracted to the suprapubic region. (Figure from Raz [55], p. 44, 46, 47, 
Fig. 2.13, 2.20, 2.21)
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crossing the midline over the anterior rectus fascia, with minimal tension [46, 54]. 
Cystoscopy was performed as part of this procedure to evaluate for bladder or ure-
teral injury. Short-term results with a mean follow-up of 15 months have demon-
strated 90.3% success, defined as cure or significant improvement in SUI [56]. 
These results were also stratified by severity of incontinence and demonstrated that 
success of the Raz bladder neck suspension depends upon the severity of SUI, as 
>90% success was reported in women mild to moderate SUI and 65% success in 
severe SUI [56]. However, longer-term studies have suggested variable success, 
with 20% of patients reporting no incontinence and 51% reporting SUI with or 
without urge incontinence at a mean follow-up of 9.8 years [57]. Despite recurrent 
or persistent SUI, 71% of patients reported significant improvement in inconti-
nence, and 73% reported being satisfied with the results of the procedure [57]. The 
short-term results only included patients with stress incontinence with or without 
mild (grade 1) cystocele [56] who underwent the Raz procedure, suggesting that 
patient selection may play a role in the rate of success with the procedure. Reported 
complications of the Raz procedure included de novo urgency incontinence in 7.5%, 
secondary pelvic prolapse in 6%, prolonged retention in 2.5%, and suprapubic pain 
in 3% [56].

The Gittes procedure, developed in 1987, which uses no incisions, but only skin 
and vaginal perforations, involves the placement of monofilament suture to obtain 
deep bites of the vaginal wall and paraurethral tissues bilaterally [58]. A needle is 
passed through the anterior rectus fascia and into the vagina, where full-thickness 
bites of the vaginal wall including the epithelium are taken (Fig. 5.9). After the vagi-
nal sutures are placed, the suture is passed back up to the anterior rectus fascia. The 
ipsilateral sutures were tied together and then tied across the midline with minimal 
tension [46]. Reported rates of complete and improved continence have been 
reported to range from 23.1% at 53 months [59], 14% at 5 years [60], 72.6% at 

b

Vaginal
wall

Urethra Perforation
of skin

Monofilament
suture

a

Fig. 5.9 The Gittes needle suspension procedure. (a) No incisions, only skin, and vaginal perfora-
tions. A needle is passed through the anterior rectus fascia and into the vagina, where full-thickness 
bites of the vaginal wall at the level of the bladder neck, including the epithelium, are taken. After 
the vaginal sutures are placed, the suture is passed back up to the anterior rectus fascia. (b) Sutures 
are tied down into the suprapubic fat to bury the knots. (Figure from Gittes and Loughlin. [58])
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62.5 months  [61], and 37% at 6.4 years [51]. Reported complications have included 
wound infection (2.3%), repeated UTIs (1.1%), persistent groin pain requiring 
suture removal (5.7%), and de novo postoperative urgency and/or urgency inconti-
nence (20%) [59, 62].

The Benderev, or Vesica procedure, was developed in 1994 and used bone 
anchors placed in the bilateral pubic tubercles as well as a suture passer device [63, 
64]. Either one incision or two small incisions were made to allow access to the 
bilateral pubic tubercles. A bone anchor was placed in each pubic tubercle, and an 
attached suture was passed using a suture passer from the suprapubic incision into 
the vagina at the level of the bladder neck. The sutures were placed into the vaginal 
epithelium in a Z configuration [46, 64] (Fig. 5.10) and then tied in the suprapubic 
region by placing a spacer device between the pubic bone and the knot of the suture. 
Reported rates of complete dryness were 85% at 6 months, 46–94% at 12 months 
[65, 66], and 31% at 5 years [66]. Based on these long-term outcomes, the study 
investigators no longer advocate this form of bladder neck suspension for stress 
urinary incontinence. Of those with recurrent incontinence, 70% were symptomatic 
enough to undergo further surgical treatment. Fraying and breakage of the Vesica 
suspensory sutures at the bone anchors were noted in those who underwent subse-
quent Burch colposuspension, and this is the proposed reason for poor success with 

Fig. 5.10 Points of suture 
passage through the 
vaginal wall for the 
Benderev (Vesica) needle 
suspension procedure. 
(Figure from Bodell and 
Leach [46])
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this procedure. Reported complications include wound infection (16%), requiring 
temporary intermittent catheterization (4.7–10%), suture erosion into bladder (5%), 
suture erosion into vagina (2.56%), presumed osteitis pubis (1.2–5%), and transient 
de novo detrusor instability (7%) [65–67].

 Urethral Bulking

Several transurethrally injected substances have been used to produce bulking of 
the urethra to improve urethral coaptation in an effort to improve stress urinary 
incontinence. Periurethral paraffin injection was first suggested by Gersuny at the 
end of the nineteenth century [2]. Cod liver oil injection was reported in 1938 with 
60% cure and 25% improvement at 1 year [63]. The use of Teflon was first described 
in 1973 by Politano and Berg [69, 70], with a reported rate of cure or improvement 
at 24  months of 30–38% [71], and was noted to lead to fibrosis with urethral 
obstruction and Teflon migration to lymph nodes, causing granulomas [2, 3]. 
Autologous fat tissue injection was introduced in 1989 by Gonzalez de Gariby, with 
3-month results demonstrating a 22.2% cure or improvement rate that was no dif-
ferent than saline injection and has been associated with the complication of fat 
pulmonary embolism [72, 73]. Collagen injection was introduced in 1989 by 
Shortliffe and found to have a 53% rate of cure or improvement during 9–23-month 
follow-up [74]. Although these agents are no longer used, a number of newer ure-
thral bulking agents have since been described and will be discussed in greater 
detail in Chap. 14.

 Bladder Denervation

Denervation of the bladder by unilateral or bilateral resection of inferior hypogastric 
plexus has been reported by Ingelman-Sundberg in 1959 as a treatment for urge 
incontinence due to a neurogenic cause or contracted bladders due to interstitial 
cystitis [75] (Fig. 5.11). Preoperative testing is required prior to proceeding with 
denervation. After performing cystometry, xylocaine solution with adrenalin is 
injected into the anterior fornix 1 cm lateral to the cervix and at a depth of 3 cm, 
unilaterally, to denervate the bladder. Repeat cystometry is performed at 5 min after 
injection, and a post void residual is checked. If uninhibited contractions and blad-
der capacity are improved on cystometry after unilateral injection, then unilateral 
resection is performed. However, if there is no improvement seen on cystometry, 
then the same injection is performed on the contralateral side with repeat cystome-
try and post void residual. If improvement is seen on cystometry after the second 
injection, then bilateral resection is performed. However, if the post void residual 
volume is elevated, only unilateral resection is performed. If residual urine is greater 
than 150 ml after unilateral anesthesia, then the procedure should not be performed. 

5 Historical Treatment of SUI and UUI in Women



98

The procedure is performed transvaginally, beginning with a transverse incision 
below the external urethral orifice. The anterior vaginal wall is dissected free from 
the urethral orifice up to the cervix, the bladder ligaments are bluntly separated from 
the levator ani, and the hypogastric plexus is exposed laterally to the rectum and 
following the inferior vesical vessels medially [76]. The nerves are then grasped and 
resected. Reported rates of complete or partial response to the procedure at a mean 
follow-up of 44.1  months were 67.8% (54% complete responders) [76], while 
Inglman-Sundberg reported long-term rates of 70% (mean follow-up time not 
reported) [77].

Transvesical phenol injection of the paravesical nerve plexuses has been 
described for refractory detrusor instability/detrusor hyperreflexia by damaging 
postganglionic fibers of the bladder. Poor response rates were described, with 
11–82% response rate [78–80], and serious complications of the procedure have 
been described including detrusor acontractility and fistula formation [81, 82]. Prior 
pelvic radiation has been regarded as an absolute contraindication to this therapy 
[83]. Due to poor efficacy and risk of complications, this treatment is not recom-
mended and is no longer used [78]. Given the potential long-term effects of a neu-
roablative procedure and denervated tissue potentially being in a more pathologic 
state than before performing the procedure [84], other neuromodulatory techniques 
may become more favored.

ba

Fig. 5.11 Bladder denervation for treatment of urgency urinary incontinence. (a) Terminal 
branches of the pelvic nerve entering the bladder at the level of the trigone. (b) Dissection of the 
vaginal epithelium and perivesical fascia from bladder the level of the trigone. (Figure from 
Westney et al. [76])
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 Detrusor Myectomy

Detrusor myectomy, also known as auto-augmentation, was first described in 1989 
by Cartwright and Snow, to avoid the complications associated with bowel augmen-
tation including electrolyte disturbances, enteric fistula, abscess, mucus production, 
and peritoneal adhesions [85]. In this procedure, a large, wide-mouthed, well- 
draining diverticular bulge of bladder epithelium is created by excising detrusor 
muscle over the dome of the bladder and leaving the bladder epithelium intact 
(Fig. 5.12). Long-term success rates have been reported to be 60–80% [86–88], with 
higher success rates in patients with idiopathic overactive bladder than those with 
neurogenic detrusor overactivity (70–79% vs 33–50%) [86, 87]. Complications of 
the procedure have included the need for intermittent catheterization (45%) and UTI 
(31.5%) [87]. Some authors have concluded that the procedure is not efficacious 
especially in the management of those with neurogenic voiding dysfunction and do 
not support the procedure [89]. However, others advocate that this still remains 

a b

c

Fig. 5.12 Detrusor myectomy, also known as auto-augmentation. (a) Detrusor is incised, leaving 
the bladder epithelium intact. (b) Detrusor stripped from intact bladder epithelium. (c) Wide- 
mouthed diverticular bulge of the bladder with bladder filling. (Figure from Cartwright and Snow 
[85]; discussion 520–1)
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useful in the armamentarium of the urologist due to ease of the procedure and 
decreased morbidity, and does not preclude the performance of enterocystoplasty in 
case of failure of detrusor myectomy/myotomy [90, 91].

 Conclusion

Treatments for urinary incontinence have been documented as early as the second 
millennium BC and have ranged from less invasive treatments such as urethral plugs 
to plication of the urethra and bladder neck to various iterations of needle suspen-
sion procedures, colposuspension, to auto-augmentation and bladder denervation. 
For female stress urinary incontinence surgeries, this historical review highlights 
that various techniques were utilized to support and stabilize the urethra and the 
surrounding tissues, and the methods described above are not intended to be a com-
plete list of every technique that has been used to treat SUI. The success rates quoted 
in the literature depend on the definition of success used and may differ from con-
temporary definitions of success which may be a composite of subjective and objec-
tive outcomes that are patient-reported and/or patient-centered.

While the prevalence of these techniques has decreased significantly with the 
introduction of the mid-urethral sling in 1998 [8], there is still a role for non-mesh- 
based surgical treatment options such as a Burch colposuspension and autologous 
slings in select properly counseled patients. An understanding of prior treatments is 
key to understanding the evolution and principles of current techniques. This his-
torical background is also important for the surgeon’s knowledge as patients who 
have had anti-incontinence procedures in prior decades may have had one of the 
above-described procedures. Surgical treatment of urinary incontinence will con-
tinue to evolve and improve as our understanding deepens and we build on prior 
knowledge and experience.
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Chapter 6
Behavioral Therapy and Lifestyle 
Modifications for the Management 
of Urinary Incontinence in Women

Kimberly Kenne and Catherine S. Bradley

 Introduction

Most clinical practice guidelines recommend behavioral therapies as initial treat-
ments for women with urinary incontinence (UI). These interventions vary widely 
and may include fluid management, dietary changes, avoidance of bladder irritants, 
timed voiding, bladder training, management of bowel function, exercise, weight 
loss, and advice regarding absorptive products and skin protection. While the evi-
dence for support of these interventions is often limited, they are generally low-risk 
and inexpensive. These factors support their inclusion early in treatment algorithms.

Evidence to support these treatments is lacking in many cases because these 
interventions are difficult to study. Behavioral therapy and lifestyle modification are 
difficult to standardize and monitor. High-quality prospective interventional studies 
are rare; thus, much of the literature around this topic is observational in nature. 
Outcomes tend to be reported for a combination of behavioral interventions, making 
interpretation of results difficult. Patient compliance represents a challenge as well, 
as it may be difficult to assess how well patients adhere to behavioral recommenda-
tions. Some evidence supports the use of behavioral therapies in conjunction with 
other treatments. For example, in the multicenter randomized trial BE-DRI, adding 
behavioral therapy (including bladder training and fluid management, as well as 
pelvic floor muscle training) to drug treatment in women with urgency-predominant 
UI had a beneficial effect on patient satisfaction, perceived improvement, and reduc-
tion of other bladder symptoms [1].

Guideline documents published by the American Urological Association (AUA), 
American Urogynecologic Society (AUGS), and American College of Obstetricians 
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and Gynecologists (ACOG) all recommend the use of behavioral therapy in the 
initial treatment of female UI, typically including pelvic floor muscle exercises and 
training programs in this category [2–4]. High-quality evidence does exist to sup-
port the use of pelvic floor muscle exercises and training for both stress and urgency 
incontinence (see Chap. 7).

In this chapter, we discuss other behavioral treatments for female UI, many of 
which may be considered lifestyle modifications. In the following sections, we 
review each behavioral intervention and summarize the available evidence support-
ing its use for the treatment of female UI and other urinary symptoms. Table 6.1 lists 
the interventions discussed in this chapter, the patients in whom they may be recom-
mended, and a description of the evidence supporting each one. While it is impor-
tant to understand what evidence is available related to behavioral treatments for UI, 
the treatments are generally low-risk and low-cost and may hold other health bene-
fits for women. Thus, they can often be implemented immediately following initial 

Table 6.1 Behavioral treatments recommended for urinary incontinence in women

Intervention Target population Description of evidence supporting intervention

Dietary 
modifications

All patients Weak: inconsistent results from mostly observational 
studies suggest possible associations between diet and 
dietary components and urinary incontinence

Fluid 
management

All patients Moderate: interventional studies show consistent benefit 
of fluid restriction for urinary incontinence and overactive 
bladder

Caffeine 
reduction

Patients 
consuming 
caffeine

Weak: inconsistent results from observational studies 
support association between caffeine and urinary 
incontinence; small interventional studies do not show 
benefit

Alcohol 
reduction

Patients 
consuming 
alcohol

Weak: inconsistent results from observational studies 
focused on association between alcohol and urinary 
incontinence

Tobacco 
cessation

Tobacco users Weak: observational studies suggest association between 
tobacco use and urinary incontinence

Timed/prompted 
voiding

Infrequent 
voiders

Weak: interventional studies provide inconsistent evidence 
for benefit

Bladder training Frequent voiders Moderate: interventional studies show benefit of bladder 
training for urinary incontinence

Bowel 
management

Patients with 
constipation

Weak: inconsistent results from observational studies 
support association between constipation and urinary 
incontinence and other urinary symptoms

Exercise All patients Weak: limited interventional studies provide evidence for 
use

Weight loss Overweight and 
obese patients

Strong: high-quality randomized trials show benefit for 
urinary incontinence

Absorbent 
products

All patients Weak: limited interventional studies provide evidence for 
use

Skin protectants All patients Weak: limited interventional studies provide evidence for 
use
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evaluation and prior to invasive or costly testing. Figure 6.1 demonstrates the edu-
cational handout we provide to patients after their initial evaluation for UI with 
instructions and recommendations related to many of these lifestyle modifications.

Things to do to help your bladder problem:

1. Avoid bladder irritants. There are some foods and liquids that may irritate the bladder. 

Avoid or reduce these foods and drinks: 

Alcoholic beverages: liquor, wine and beer 
Caffeine: coffee, tea, dark sodas, darker herbal teas and chocolate 
Very acidic fruit or fruit juices: orange, grapefruit, lemon, lime, mango and pineapple
Artificial sweeteners: Equal and Nutrasweet 
High doses of vitamins 
Carbonated beverages 

The best beverage is water. 

2. Drink 4–6 oz of fluid (small cup) every 3–4 hours, evenly spaced throughout the day.
Limit your total fluid intake to 48–64 oz per day (~6–8 8 oz cups). The goal is pale yellow 
urine that does not have a strong odor.  

3. Urinate by the clock-every 2–3 hours. Don’t wait until you feel full or for a more 
convenient time. Try to relax when voiding. Do not strain or bear down to start a stream or 
empty your bladder more quickly. 

4.  Reduce nighttime awakenings to empty your bladder.

Limit fluid intake after dinner to reduce nighttime urination.
Avoid swelling in your lower legs by wearing support hose or elevating your legs when 
resting during the day.

5. Establish regular bowel habits.

Constipation affects bladder control. Dietary fiber supplements, stool softeners, or laxatives 
(such as Miralax) are options to help keep bowels regular and easy.

6. Watch your weight. Obesity makes bladder control more difficult.  

7. If you smoke, here is one more reason to consider a quit plan. Smoking makes 
leakage worse because of chronic cough and irritation to the bladder.

8. Don't irritate your vulva area. Avoid colored and perfumed toilet tissue and sanitary 
napkins. Wash with warm water, wear all-cotton underwear, or small urine-loss pads.

Good bladder habits can be developed at any time. Old habits may be hard to break 
especially when we try to change too many things at once. Start slowly, changing one 
thing at a time until you become comfortable with your new healthy habits. 

Good Luck!

•
•
•
•
•
•

•
•

Fig. 6.1 Patient educational handout describing behavioral treatments and lifestyle modifications 
for urinary incontinence and other urinary symptoms
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 Diet

Dietary and fluid modifications comprise a large portion of behavioral management 
of urinary incontinence. Much of the literature surrounding alterations in diet and 
implications on bladder function use diet as a proxy for weight loss, and this rela-
tionship will be further examined in a subsequent section. With regard to specific 
dietary components and their relationship to stress urinary incontinence, Dallosso 
et  al. [5–7] found that consumption of saturated and monounsaturated fats may 
increase the risk of stress UI while intake of breads/starches and vegetables may 
decrease the risk. When looking at specific nutrients, a large epidemiologic study 
found consumption of both zinc and vitamin B12 was associated with stress incon-
tinence in women [5–7].

Given the identification of estrogen receptors in the urogenital tissues (bladder, 
urethra, vaginal epithelium, muscles and fascia of the pelvis), the relationship 
between consumption of food rich in phytoestrogens has been examined with regard 
to stress UI, overactive bladder (OAB), and lower urinary tract symptoms (LUTS). 
However, a randomized trial evaluating a diet rich in soy, hypothesized to increase 
circulating estrogens via phytoestrogens, showed no improvement compared with a 
control diet in management of overall LUTS or UI [8]. Similarly, Waetjen et al. [9] 
found no association between the reported dietary intake of three phytoestrogen 
classes (isoflavones, coumestrol, or lignans) and developing any type of inconti-
nence (stress or urgency) in women transitioning through menopause.

With regard to urinary urgency, frequency, urgency UI and OAB, many of the 
recommendations surrounding dietary modification involve avoidance of foods that 
may acidify the urine composition or irritate the bladder, for example, citrus prod-
ucts. In a longitudinal cohort study, Curto et al. [6] found supplemental vitamin C 
use above recommended daily intake was associated with higher odds of daytime 
urinary storage symptoms in women, but higher baseline vitamin C intake from 
foods and beverages was associated with a lower odds of urgency symptoms. 
Similar results were seen in an observational, population-based, epidemiologic 
study of 2060 women. In this study, high-dose intake of vitamin C and calcium were 
positively associated with UI symptoms, whereas vitamin C and β-cryptoxanthin 
from foods and beverages were inversely associated with voiding symptoms [10]. 
Overall, these studies suggest that vitamin C supplementation above moderate, 
absorbable doses (>250 mg/day) may irritate the bladder and should be avoided.

Dallosso et al. [6] reported in a longitudinal study that higher intake of vitamin 
D (P = 0.008), protein (P = 0.03), and potassium (P = 0.05) was significantly associ-
ated with decreased risk of new OAB. These results were not confirmed in a pilot 
randomized double-blind, placebo-controlled trial of postmenopausal women with 
urgency UI and vitamin D insufficiency, versus placebo. In this trial, a 43% decrease 
in urgency UI episodes was seen with 50,000 IU vitamin D3 treatment weekly, but 
this did not reach statistical significance compared to placebo (where 28% reduction 
in urgency UI episodes was seen), except in the subset of Black women (who had 
63% reduction compared to 23% with placebo) [11]. To further evaluate vitamin D’s 
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involvement in the regulation of detrusor muscle contractions, Markland et al. [12] 
performed an analysis of nearly 73,000 older and middle-aged women in the Nurses’ 
Health Study I and II and found little evidence of a relationship between vitamin D 
intake and the development of UI. From a macronutrient level, Dallosso et al. [6] 
found a reduced risk of OAB onset with higher consumption of vegetables, bread, 
and chicken.

Most of the research findings related to specific dietary components and UI are 
epidemiologic and represent associations that may not be causal. Thus, it is difficult 
to make specific dietary recommendations for the treatment and/or prevention of UI 
and likely best to advise patients to consume a well-balanced diet to promote gen-
eral health and wellness.

 Fluid and Caffeine Management

Perhaps the most widely recommended behavioral modifications for the manage-
ment of UI and other urinary symptoms focus on fluid and caffeine management. 
Both the AUA and AUGS/ACOG recommend fluid management as a first-line 
behavioral modification [2–4]. Recommendations generally emphasize overall 
management of volume of fluid consumed and avoidance of irritative fluids, in par-
ticular, caffeine. Despite these recommendations and consensus among experts 
about the importance of fluid management, the literature available is varied. For 
example, when reviewing the Nurses’ Health Study cohorts, Townsend et al. [13], 
found no association between total fluid intake and risk of incident UI (hazard ratio 
1.04, 95% CI 0.98–1.10 comparing top versus bottom quintile of fluid intake). In 
analyses of incontinence type, total fluid intake was not associated with risk of inci-
dent stress, urgency, or mixed incontinence.

With regard to stress UI specifically, Dallosso et al. [6], reported that carbonated 
drinks were a significant risk factor for the onset of stress UI and OAB in a prospec-
tive cohort study. A 4-week randomized, prospective, crossover study aimed to 
determine the effect of caffeine restriction and change in volume of fluid intake on 
urinary symptoms in women with stress UI.  In this trial, Swithinbank et al. [14] 
determined that decreasing fluid intake reduced incontinence and frequency epi-
sodes when comparing the week of decreased fluids with baseline or the week of 
increased fluids. There was, however, no increase in incontinence episodes when the 
week of increasing fluids was compared with baseline. The authors concluded that 
decreasing fluids improved urinary symptoms, and while women must maintain 
adequate daily fluid intake to avoid dehydration, they should be advised to drink 
less fluid to improve symptoms as part of conservative treatment [14].

Studies in patients with OAB and urgency UI generally show a positive associa-
tion between fluid intake and symptoms [15]. Women experience increased fre-
quency and urgency symptoms with fluid increase and decreased frequency and 
urgency with fluid reductions. With regard to incontinence specifically, results tend 
to be more mixed, and in general, most patients have a difficult time adhering to 
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fluid protocols [15]. In a systematic review of ten interventional and observational 
studies, Callan et al. [16] reported reducing fluid intake was beneficial in reducing 
OAB symptoms. These authors also found that increasing fluid intake was associ-
ated with worsening OAB symptoms in observational studies but that no difference 
in symptoms was seen in interventional studies.

Caffeine, which is consumed more than any other stimulant in the world, has 
diuretic effects and may also affect the bladder by increasing detrusor pressure and 
promoting detrusor excitability [17]. A significant body of literature has been pub-
lished regarding the effect of caffeine intake on urinary symptoms and reduction of 
caffeine is generally considered part of the behavioral management of UI. In several 
studies, caffeine reduction was associated with reduced urinary frequency, urgency, 
and OAB quality-of-life scores [15]. And while there is some conflicting literature, 
a systematic review by Bradley et al. [15] states, “Overall evidence suggests a weak 
positive association between caffeine and UI, but there are conflicting results for 
urinary incontinence types.”

The Nurses’ Health Studies prospectively investigated the association between 
total caffeine intake (as determined by food frequency questionnaires) and inci-
dence of UI, including stress, urgency, and mixed UI. Over 4 years of follow-up in 
65,176 women, a modest, but significantly increased, risk of weekly incontinence 
was seen among women with the highest versus lowest caffeine intake (RR 1.19, 
95% CI 1.06–1.34, comparing >450 vs. <150 mg/day), as was a significant trend of 
increasing risk with increasing intake (P for trend = 0.01). Higher daily caffeine 
intake (roughly equivalent to ≥4 cups of coffee or ≥10 cups/cans of caffeinated tea 
or soda per day), but not lower levels, was associated with a modest increased risk 
of urgency UI in women [18]. When examining the Nurses’ Health Studies longitu-
dinally, longer-term caffeine intake was not associated with risk of UI progression 
over 2 years among women with moderate incontinence [19].

The National Health and Nutrition Examination Survey, a cross-sectional 
national representative survey, found that caffeine intake in the highest quartile 
(204 mg/day) was associated with any UI (prevalence odds ratio (POR) 1.47, 95% 
CI 1.07–2.01), but not moderate/severe UI (POR 1.42, 95% CI 0.98–2.07). Authors 
concluded moderation of caffeine intake remains a reasonable part of the multicom-
ponent treatment for UI [17]. Similarly, Maserejian et al. [20] found that women 
who increased coffee intake by at least 2 servings per day compared with categories 
of decreased or unchanged intake had 64% higher odds of progression of urgency 
(P = 0.003). Women with recently increased soda intake, particularly caffeinated 
diet soda, had higher symptom scores, urgency, and LUTS progression. These find-
ings support recommendations to limit caffeinated beverage intake. In a small cys-
tometric study, caffeine intake of 4.5 mg/kg 30 min prior to examination caused 
diuresis, a lower threshold of sensation during filling, and increased flow rate and 
voided volume, suggesting caffeine can promote early urgency and frequency [21]. 
There may be a dose-dependent positive relationship between caffeine intake and 
OAB [22].

A question which remains is whether general fluid restriction or caffeine restric-
tion specifically is of greater consequence for women with UI. Zimmern et al. [23] 
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suggested that general fluid management instructions (intake of 50 to 70 ounces of 
liquid per day) can contribute to the reduction of urgency UI symptoms for women 
taking anticholinergic medications, but additional individualized instructions along 
with other behavioral therapies did little to further improve outcomes. Segal et al. 
[24] found a significant relationship between quartiles of total fluid intake and 
increasing number of daily voids (P  <  0.001) and quartiles of caffeinated fluid 
intake and increasing severity of urgency UI (P = 0.038). The type and volume of 
fluid intake were significantly associated with symptoms of urinary frequency and 
urgency UI. They concluded consumption of increasing amounts of total fluid was 
significantly associated with urinary frequency, and intake of large amounts of caf-
feinated fluids was associated with urgency UI.

Conversely, two small randomized trials did not find a benefit to caffeine restric-
tion over general fluid reductions for UI.  A small randomized, crossover study 
tested caffeine restriction as well as fluid intake changes in women with stress and 
urgency UI and found changing from caffeinated to decaffeinated beverages had no 
impact on symptoms, while overall fluid intake reductions resulted in reduced fre-
quency and incontinence episodes [14]. Lastly, Schimpf et  al. [25] completed a 
randomized trail designed to test the common clinical advice of treating OAB by 
eliminating potentially irritating beverages (those including caffeine, artificial 
sweeteners, citrus, and alcohol) while keeping volume of intake stable. The authors 
reported that reduction in intake of potentially irritating beverages did not result in 
reduced voiding frequency compared to a control group [26]. Urgency symptoms 
and bother scores were also unchanged. Together, current evidence suggests that 
reducing potentially irritating beverage intake (including caffeinated beverages) 
may be less influential than reducing total fluid intake volume for UI and OAB 
symptoms.

 Alcohol and Tobacco

Alcohol consumption has also been examined as a modifiable behavior in the man-
agement of UI given its sedative effects, ability to impair mobility, and diuresis [27]. 
A systematic review published in 2017 reports there is limited information and 
inconsistent results related to alcohol and urinary symptoms [15]. Whereas alcohol 
may impact urgency and frequency symptoms among current drinkers, findings are 
inconsistent by intake level and symptom subtype. No association was found 
between type of UI and alcohol intake [15].

Tobacco use and its effect on LUTS have also been examined, and smoking ces-
sation remains a recommended behavioral modification for the management of uri-
nary symptoms. Some studies provide evidence of a positive association between 
tobacco use and stress [28, 29], urgency and mixed incontinence [30], and inconti-
nence of any (unspecified) type [30–32]. Six studies found no association, and one 
found a negative association between occasional UI and current smoking [15]. 
Hannested et  al. [31] showed mixed results between current, former, and heavy 
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smoking and various measures of incontinence. Former and current smoking was 
associated with incontinence, but only for those who smoked more than 20 ciga-
rettes per day. Severe incontinence was weakly associated with smoking regardless 
of number of cigarettes.

Dallosso et al. [6] found a significant association between smoking and risk of 
OAB with current smokers 1.44 times more likely to develop OAB than nonsmok-
ers. Within the broad category of evidence for OAB or LUTS in general (rather than 
incontinence specifically), there are some consistent and some inconsistent find-
ings. A small amount of evidence suggests former and/or current smoking is related 
to frequency in women. Two studies showed a positive association between urgency 
and current tobacco use [33, 34], while two did not [35, 36]. Maserejian et al. [37] 
found that women smokers were twice as likely to develop LUTS, particularly stor-
age symptoms (OR = 2.15, 95% CI: 1.30–3.56, P = 0.003), compared to never- 
smokers and recommended smoking cessation.

Single studies showed a positive association between smoking and women’s 
maximum cough spike [28], cough leak point pressure, and maximal intravesical 
pressure generated by cough [38]. The two studies that examined severe UI showed 
a positive association [15]. Taken together, research suggests a relationship between 
tobacco and urinary symptoms may be present. Although not definitive, given the 
additional health benefits to smoking cessation, it is reasonable to include this 
among behavioral recommendations for UI.

 Timed Voiding

In addition to modification of fluid intake, a common behavioral modification for 
the management of UI is timed or prompted voiding. The goal of this modification 
unlike bladder training (described below) is not to increase time between voids, 
voided volume, or bladder capacity, but rather to encourage regular bladder empty-
ing in order to reduce UI that more often happens at higher bladder volumes [39]. 
Most evidence related to this practice is for “prompted voiding,” a type of timed 
voiding frequently used in patients with cognitive dysfunction and in assisted-living 
situations, where a caregiver or family member prompts a patient to void at a regular 
interval.

In a review of nine trials examining 674 patients (mostly women) comparing 
prompted voiding to unprompted voiding, there was limited evidence whether either 
approach had improved incontinence [40]. Authors theorized that an increase in 
prompted voids decreased incontinent episodes in the short term. In a more recent 
Cochrane review examining fixed interval or timed voiding for the management of 
UI in elderly women with reduced cognition and impaired mobility, two trials con-
sisting of 298 women provided insufficient evidence supporting this treatment. 
However, given the low risk of potential harm and the high likelihood of risk (such 
as medication side effects) in this population from other treatments, prompted void-
ing was still deemed a reasonable treatment option [41]. Alternatively, 
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Holroyd-Leduc et al. [42] reported that several randomized trials examining the role 
of prompted voiding initiated by a caregiver revealed better outcomes than usual 
incontinence-related care (including regular checking and changing of wet gar-
ments and bedding).

While evidence is lacking, most experts recommend timed or scheduled voiding 
for patients with urgency UI and OAB, particularly in those who do not report sig-
nificant frequency, or whose bladder diaries suggest longer voiding intervals or 
incontinence that regularly occurs just prior to voids.

 Bladder Training

Bladder training is a behavioral therapeutic strategy which encourages patients with 
urgency and frequency symptoms, as well as mixed and stress UI, to gradually 
increase the amount of time between voids, thereby increasing their bladder capac-
ity and potentially reducing leakage and the sensation of urinary urgency [39]. This 
technique was first described in 1966, and patients were initially instructed to void 
at a set interval of every 1–2 h. According to the severity of their symptoms, the 
interval between voids was increased by half-hour increments until 3.5  h was 
achieved [43]. Bladder training generally requires intact cognition, highly moti-
vated patients, and a fixed voiding schedule, regardless of a sense of urge to void. 
Exact training techniques vary between studies, but all involve strategies to increase 
the time interval between voids progressively. In the protocol for the ESTEEM trial, 
bladder training was described as a “multicomponent intervention that involved 
patient education regarding lower urinary tract function, setting incremental voiding 
schedules, and teaching urge control techniques to postpone voiding and adhere to 
a schedule” [44].

In 1996, Davies et al. [43] performed an inpatient study of 50 consecutive patients 
with urinary frequency, urgency, and urgency incontinence. At the time of discharge, 
they reported that 80% of women were subjectively cured and satisfactorily 
improved. However, this success deteriorated to 32% in patients who replied to a 
postal survey 12–29 months later. Echoing the difficulty in maintaining a rigorous 
voiding schedule, Visco et al. [45] concluded bladder training success in the real 
world may be substantially lower than described in intensive clinical trials as 55% 
of study subjects never started bladder training or were noncompliant with treat-
ment. Newman et al. [44] reported that randomized trials using intention-to-treat 
models show a mean reduction in UI of 60–80% after bladder training. A Cochrane 
review in 2004 reported that bladder training may help people who are physically 
and mentally able to use this method, but it may take months to achieve results [46]. 
Authors tentatively concluded that the limited evidence suggested bladder training 
may be helpful for the treatment of UI; this recommendation was tempered because 
the trials had variable quality and small size and thus results were less certain [46].

One study examined changes in urodynamic parameters following bladder train-
ing, and no measurable change was identified. Based on this, Elser et  al. [47] 
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concluded the mechanism by which clinical improvement occurs remains unknown. 
Possible mechanisms for the effectiveness of bladder training include (1) improving 
central control over bladder sensations and urethral closure and/or (2) changing an 
individual’s behavior in ways that increase the lower urinary system’s “reserve 
capacity” as knowledge of circumstances that cause bladder leakage is gained [44]. 
Patients with UI, particularly with urgency, often void frequently to avoid this 
symptom. This behavior can lead to a reduction in functional bladder capacity, 
which in turn may perpetuate urgency symptoms.

Many investigators have examined bladder training together with other manage-
ment strategies for the treatment of UI. For example, Mattiasson et al. [48] reported 
the median percentage reduction in voiding frequency was greater in patients taking 
tolterodine and performing bladder training than in patients taking tolterodine alone 
(33% vs 25%, P < 0.001). The combined therapy group also had a larger median 
percentage increase in volume per void (31% vs 20% P < 0.001). Wyman et al. [49] 
examined whether bladder training, pelvic muscle exercises with biofeedback, or 
combination therapy was more beneficial for the treatment of UI and found combi-
nation therapy had the greatest immediate efficacy in management regardless of 
urodynamic diagnosis. However, at 3 months following treatment, all three inter-
ventions had similar results, suggesting the specific treatment may not be as impor-
tant as a structured intervention program. In a Cochrane review, authors reported 
there was not enough evidence to determine whether bladder training was useful as 
a supplement to other therapies [46].

Benefits of voiding strategies, including both timed or prompted voiding and 
bladder training, include their minimal risk, low cost, and potential efficacy for all 
UI types (stress, urgency, and mixed). Thus, they remain an ideal first-line therapy 
and should be considered prior to more invasive and/or costly diagnostic testing or 
therapeutic measures.

 Bowel Management

A common behavioral recommendation for the treatment of UI and other LUTS is 
the management/regulation of bowel function. The co-occurrence of constipation 
with urinary symptoms is well established in the pediatric population, called dys-
functional elimination syndrome [50, 51]. In fact, treatment of constipation relieved 
90% of daytime incontinence in children and eliminated the recurrence of urinary 
tract infections [50]. While this link is not as well established in adult women, the 
literature generally supports the theory that normal bowel function contributes to 
normal bladder function. In a secondary analysis of 2812 community-dwelling 
women, Cameron et al. [52] found that women with defecation difficulties had an 
increased rate of LUTS [52]. Specifically, women with difficult defecation were 
more likely to experience nocturia (mean 1.8 ± 0.1 vs. 1.3 ± 0.0), urgency (47.6 vs. 
29.2%), increased daytime frequency (mean 8.2 ± 0.3 vs. 7.2 ± 0.1), dysuria (22.9% 
vs. 13.7%), and a sensation of incomplete bladder emptying (55.6% vs. 28.2%).
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The exact pathophysiology of the relationship between bladder and bowel func-
tion remains somewhat unclear. One proposed mechanism is that delaying fecal 
evacuation requires contraction of the external anal sphincter and puborectalis until 
fecal urgency subsides. If this behavior is maintained over time, the rectum becomes 
overdistended and the pelvic floor musculature hypertonic, which itself contributes 
to the development of urinary symptoms [53]. Additionally, a full rectum and sig-
moid may exert extrinsic pressure on the bladder, decreasing functional capacity or 
possibly stimulating the stretch receptors of the bladder wall, triggering a detrusor 
contraction [53, 54]. Finally, it is also possible that signals related to defecation 
dysfunction occurring in shared neurologic pathways in the spinal cord or pelvic 
nerves may lead to alterations in the central nervous system regulating bladder func-
tion [55]. The theory of a common neurologic pathway impacting function (or dys-
function) in both organs is supported by the success seen in treatment of both bowel 
and bladder symptoms via sacral nerve stimulation with identical lead placement in 
the S3 foramina [56].

While further studies are needed to confirm that treatment of bowel symptoms in 
adult women improves bladder symptoms, these measures remain part of initial 
treatment recommendations and are certainly not harmful. Most often, this involves 
recommending a bowel regimen for constipation, such as regular use of stool soft-
eners, fiber supplements, or laxatives, tailored to the individual patient’s condition 
and symptoms. Women with bothersome LUTS should be asked about defecatory 
symptoms, and these should be addressed concurrently given their likely 
interrelation.

 Exercise

Most evidence related to the use of exercise to manage UI involves exercise pro-
grams to achieve weight loss and thus improve incontinence symptoms. However, 
research also suggests that individuals who describe themselves as less active than 
others of the same age are more likely to develop stress incontinence, and a low 
physical activity level has been significantly associated with an increased risk of 
development of OAB [6]. Alternatively, at the other extreme, women who partici-
pate in high-intensity physical activities such as powerlifting or CrossFit may expe-
rience higher rates of UI [57–59]. These women report using preventative measures 
for protection from incontinence during exercise, such as emptying their bladder 
before workouts, wearing dark-colored pants, and performing Kegel exercises dur-
ing workouts [59].

The use of pelvic floor muscle exercises for the treatment of UI is reviewed in 
Chap. 7. However, several studies have examined the performance of a modified 
Pilates or yoga programs which incorporate pelvic floor strengthening to improve 
compliance and motivation to complete a pelvic floor exercise regimen. Hein et al. 
[60], in a 12-week pilot study, proposed that the performance of a pelvic floor 
strengthening Pilates program may be beneficial given the difficulty to maintain a 
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pelvic floor routine in isolation. They reported improved incontinence scores and 
high levels of compliance with the program. Similarly, in a pilot randomized trial, 
Lausen et al. [61] reported benefit in making pelvic floor muscles exercises part of 
a modified Pilates class to increase motivation in performing these exercises. Lastly, 
weight training in combination with pelvic floor muscle training provided earlier 
improvement in UI compared with pelvic floor muscle training alone in a small 
randomized trial of elderly women with stress UI [62].

In a single-center randomized pilot trial, Huang et al. [63] found that community- 
dwelling women with UI were successful in implementing a yoga-based interven-
tion through group classes and home practice. Women who completed the 3-month 
yoga program saw an average of 76% reduction in frequency of incontinence, while 
women who completed a time-equivalent muscle stretching and strengthening pro-
gram saw a 56% decrease. They concluded that yoga has the potential to provide 
community-based management of UI in women, although unclear if this is superior 
to other physical activity. Despite these promising studies, a recent Cochrane review 
concluded that the role of yoga or a modified Pilates regimen for the management 
of UI remains uncertain, as most trials are small and at high risk of bias [64].

 Weight Loss

Obesity is a serious public health concern with implications on many aspects of a 
woman’s life, including continence. Obesity is a well-established risk factor for the 
onset of stress UI [6]. In fact, across adult life, higher body mass index (BMI) for 
women is linked with symptoms of stress and severe incontinence. Women who are 
overweight or obese since their early adult life have more than double the risk of 
severe incontinence [65]. It is therefore important to encourage women to maintain 
a normal weight at all ages both as a means of preventing the development of incon-
tinence and as a means of management of incontinence after it presents.

The association between obesity and urgency UI is not as well-understood, but 
the mechanism of action linking obesity and stress UI is likely the positive relation-
ship between BMI and abdominal circumference and several urodynamic measures. 
Richter et al. [66] demonstrated incremental increases in intra-abdominal pressure 
and intravesical pressure with increasing BMI or abdominal circumference in an 
overweight and obese cohort with stress UI. With increasing weight women appear 
to move closer to their continence threshold during stress events. Fuganti et al. [38] 
demonstrated that obese women had higher maximal intravesical peak pressures 
with cough, compared to women with lower BMI. These studies suggest that weight 
loss may reduce incontinence by reducing intravesical pressures during cough and 
other activities.

The impact of weight loss on UI was demonstrated in the landmark Program to 
Reduce Incontinence by Diet and Exercise (PRIDE) trial [66]. In PRIDE, over-
weight and obese women with at least ten UI episodes per week were randomized 
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to a 6-month weight loss program or to a structured education program. At 6 months, 
the intervention group had a mean weight loss of 8% (7.8 kg) and experienced a 
47% decrease in mean weekly incontinence episodes, as compared with the control 
group who had a weight loss of 1.6% (1.5 kg) and a 28% reduction of incontinence 
episodes (P  =  0.01). The intervention group also had a greater reduction in fre-
quency of stress UI episodes, but not urgency incontinence episodes, compared to 
the control group. The authors concluded that behavioral weight loss intervention 
reduced the frequency of self-reported UI episodes among overweight and obese 
women [67].

The link between weight loss and improvement in UI was maintained in the 
PRIDE study population through 18-month follow-up [67]. At 12 months, the inter-
vention group reported a greater percent reduction in weekly stress UI episodes 
(65% vs 47%, P < 0.001), and a greater proportion achieved at least a 70% decrease 
in weekly total and stress UI episodes compared to baseline. At 18-months, a greater 
proportion of women in the intervention group had more than 70% improvement in 
urgency incontinence episodes as well, but the differences between the groups for 
improvement in stress and total UI episodes were not significant. The authors con-
cluded weight loss intervention reduced both the frequency of stress incontinence 
episodes through 12 months and improvement in patient satisfaction with regard to 
incontinence through 18 months [68].

While falling outside of the realm of behavioral modifications, weight loss that 
is the result of bariatric surgery has also proven to improve UI in obese women. 
Several studies have supported that weight loss after bariatric surgery improved 
clinically significant UI [69–71], and this improvement appears to be maintained 
from 1 to 5 years following bariatric surgery [72, 73].

The AUGS Systematic Review Group studied the impact of weight loss interven-
tion on LUTS and UI in overweight and obese women [74]. They identified high- 
certainty evidence that behavioral weight loss decreases the prevalence of stress UI 
15% to 18% and overall UI 12% to 17% at 1 to 2.9 years. This improvement is seen 
after a 5% to 10% reduction in body weight with further weight loss having minimal 
additional benefit. The certainty of evidence on the long-term impact of these inter-
ventions was lower: the effect seems to diminish over time, which may be attribut-
able to weight re-gain. The certainty of the evidence was moderate to low regarding 
the benefit of behavioral weight loss on urgency UI and OAB symptoms. No ran-
domized trials evaluated the impact of surgical weight loss on urinary symptoms, 
and the level of evidence on this matter was low [74].

 Absorbent Products and Skin Protection

For women who continue to experience UI despite treatment, absorbent products 
and skin protection are important to maintain quality of life and avoid incontinence- 
associated dermatitis. About 9% of the annual cost of incontinence treatment is for 
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absorbent products [75, 76], and 87% of community-living women 60 years and 
older use pads to manage their incontinence [77]. These products need to be depend-
able and inconspicuous [77, 78]. Women obtain information about such products 
from many sources but most ultimately resort to a trial-and-error approach to prod-
uct selection. Thus, healthcare providers should provide information about absor-
bent products during their assessment of incontinence [79].

Women who experience mild UI can select from four main designs of absor-
bent products: disposable insert pads, disposable menstrual pads, washable 
undergarments with an integral pad, and washable inserts [80]. A Cochrane 
review found limited data comparing these products but concluded based on one 
eligible study that for leakage prevention, overall acceptability, and preference, 
disposable inserts are better than menstrual pads, which are better than washable 
undergarments with integral pads, which are better than washable inserts. There 
was no clear difference with regard to skin health between washable or dispos-
able options. Most women prefer disposable pads, but these are often the more 
expensive option [80].

Women who experience moderate to heavy incontinence, based on a Cochrane 
review with two eligible trials, may benefit most from disposable “pull-up” style 
products, despite the expense. Disposable inserts are a cheaper alternative but may 
not provide as much protection. Again, no particular design seemed better or worse 
for skin health. Ultimately, women have different options and preferences for absor-
bent product design and using a combination of options may be most suitable and 
cost-effective [81].

Consideration should also be given to cleaning, moisturizing, and protecting the 
vulvar and perineal skin for incontinent women. Incontinence-associated dermati-
tis, ranging from redness, swelling, oozing, crusting, and scaling changes to loss of 
skin integrity, occurs when urine (or stool) is in contact with the skin [39]. Secondary 
infections may occur, such as topical candidiasis. To avoid such complications, a 
skin care regimen should be recommended for patients with incontinence. A skin 
care regimen involves cleansing after each incontinence episode with a perineal 
cleanser (not bar or hand soap), moisturizing (with glycerine, lanolin, or mineral- 
oil), and application of a moisture barrier (e.g. petrolatum, lanolin, zinc oxide) to 
shield against irritants and moisture [39].

Limited studies have examined skin care products for the prevention of 
incontinence- associated dermatitis in adults [82]. In a review by Pather et  al. 
[83], the authors concluded skin care regimens that include the use of a topical 
barrier product are beneficial in preventing and treating dermatitis related to UI, 
but there was no evidence to indicate superior outcomes from any specific prod-
uct. Another systematic review suggested that perineal skin cleansers may be 
effective at preventing incontinence-associated dermatitis and maintaining skin 
barrier function compared to traditional soap and water [84]. Regardless of the 
limited evidence, a regimen to clean, moisturize, and protect vulvar and perineal 
skin for women who experience incontinence is an important aspect of inconti-
nence care.
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 Conclusion

A wide variety of behavioral and lifestyle modifications are recommended as initial 
treatments for women with UI. The evidence base supporting these recommenda-
tions is overall weak and largely observational in nature, with few randomized trials 
contributing to this area.
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Chapter 7
Physical Therapy and Continence Inserts

Paige De Rosa, Ilana Bergelson, and Elizabeth Takacs

 Introduction

Urinary incontinence (UI) has a reported prevalence of 25–45% in women [1], 
increasing incidence as a woman ages, during pregnancy, and postpartum, and has 
a significant impact on quality of life. Pelvic floor muscle training (PFMT) and 
other conservative treatments such as pessaries have often been underutilized or 
believed to be ineffective. PFMT was first described in 1936 by Margaret Morris in 
Britain but became more widespread after Arthur Kegel presented successful treat-
ment of 64 patients in 1948 [2]. Kegel exercises are, essentially, a form of PFMT As 
originally described, correct isolation and contraction of the pelvic floor was con-
firmed by a perineometer; however, over time, Kegels evolved into a home treat-
ment regimen without confirmation of correct contraction and with resultant often 
incorrect performance of the exercises and thus deemed ineffective [3]. Preventative 
measures and conservative treatment regimens for urinary incontinence are similar 
to other medical conditions in that they require both motivated patients and provid-
ers. Providers must take the time to educate patients on the different options and 
ensure the correct performance of PFME if being utilized. Supervised training 
requires a physical therapist with specialized training and certification in pelvic 
floor therapy, and this may be a challenge, for instance, in rural areas. Further, 
patients must be willing to accept that results are not immediate, and the therapies 
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need to be continued to maintain their effect. In addition to the barriers to utiliza-
tion, there is no substantiative research showing the effectiveness and outcomes of 
the conservative measures as either preventative or therapeutic. Consistent across 
meta-analyses and systematic reviews is the conclusion that no recommendations 
can be provided given the heterogenous nature of trial designs and interventions in 
the otherwise sparse literature.

 Primary Prevention of Incontinence

Most research on urinary incontinence has focused on treatment, often surgical or 
procedural intervention. This has resulted in a purposeful paradigm shift in UI 
research with a conscientious focus on the prevention of UI and promotion of con-
tinence [4]. Within this paradigm, a key is understanding both risk factors and pro-
tective factors at different levels in social ecology [5]. A multilevel prevention 
model has been outlined for both individual and population-based outcomes that 
incorporates education, identification of cases, intervention, embedded change, and 
outcome measures [4]. A review of the 6th International Consultation on Incontinence 
(ICI) Primary Prevention of UI concluded that, to date, there is limited data for 
interventions focused on prevention except for older adult women and pregnant and 
postpartum women [4].

 Prevention of UI in Older Women

It is well established that UI prevalence increases as the population ages. Several 
studies have focused on preventative interventions for women over age 55 including 
in the areas of general education about pelvic floor disorders including incontinence 
[6], development of a tool for identification of at-risk individuals [7], and impact of 
both group and individual education of behavioral training [8, 9]. Based on these 
and other studies, the ICI concluded that there is Level 1 evidence supporting that a 
Grade A recommendation of education designed for older women should be pro-
vided [4].

 UI Prevention During Pregnancy and Postpartum

During pregnancy, the prevalence of UI ranges from 18.6% to 75% increasing with 
gestational age [10]. In the multilevel prevention model, identification risk factors 
are essential to understanding who is at risk for the development of incontinence, 
and interventions could be targeted to at-risk populations or events that increase 
risk. Modifiable risk factors for the development of UI during pregnancy and 
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postpartum can be categorized by maternal and prenatal risk factors, intrapartum 
and fetal factors, and type of birth. Commonly identified risk factors include mater-
nal age, increased body mass index, smoking, and UI prior to pregnancy [10, 11], 
weight gain during pregnancy [10], and gestational DM [10]. The 6th ICI provided 
Grade B recommendation to stop smoking, achieve a normal postpartum body 
weight, and avoid constipation during pregnancy [4]. Data is less clear and conflict-
ing on associating intrapartum factors like perineal laceration/episiotomy, pro-
longed second stage, and high neonatal birth weight and UI [11]. Mode of delivery, 
specifically vaginal versus elective cesarean section, remains a controversial topic 
and is beyond the scope of this chapter.

Furthermore, pelvic floor muscle strength, prior SUI, newborn weight, and new- 
onset SUI during pregnancy have been identified as risk factors for postpartum UI 
[12]. Prior SUI and new-onset SUI are directly related to pelvic floor muscle strength 
and may be a target for intervention to prevent UI from developing. The overarching 
goal of PFME to improve support and minimize risk is to increase PFM strength to 
the bladder, bladder neck, and urethra [10, 12]. Both the 2020 Cochrane Database 
Systematic Review and the 6th ICI concluded that there is sufficient evidence to 
support the use of structured PFMT in early pregnancy for continent women as a 
way to prevent onset of UI late in pregnancy and postpartum [4, 13] and PFM exer-
cises should be provided to all pregnant women [4].

 Vaginal and Urethral Devices

Conservative management for stress urinary incontinence includes the use of intra-
vaginal devices such as pessaries. While pessaries have often been used for pelvic 
organ prolapse (POP), there are several types of pessaries that can be used for 
SUI. Pessaries can be thought of as support pessaries with a central opening versus 
space-occupying pessaries, which have a solid or perforated design. Support pes-
saries such as the Mar-land pessary, incontinence dish (Fig. 7.1), or ring pessary 
with or without support knob may adequately treat stress urinary incontinence. 
Pessary devices for SUI stabilize the urethra by elevating the bladder neck and com-
pressing the urethra against the pubic symphysis and minimizing urethral hypermo-
bility [14, 15]. This has been demonstrated by magnetic resonance imaging (MRI) 
images during Valsalva and demonstrated increased urethral length while the poste-
rior urethro-vesical angles were decreased [16]. Urodynamic studies (UDS) with a 
pessary in place have demonstrated increase in detrusor pressure with a decrease in 
maximal flow rate and suggest indicting that pessaries increase urethral resis-
tance [15].

Pessaries are not a one-size-fits-all, and improvement in symptoms, satisfaction, 
and continued use of a pessary are dependent on successful pessary fitting [15]. It is 
important that an individualized approach is taken for pessary fittings as discomfort, 
bleeding, and repeated expulsions are common reasons for discontinuation [17]. 
Pessaries are a low-cost, low-risk, nonsurgical option that can be offered to almost 
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all patients. Specific contraindications to use include patients with active pelvic or 
vaginal infection, severe ulceration, allergy to silicone or rubber, and patients who 
will likely not return for appropriate follow-up [15]. Use of vaginal estrogen is rec-
ommended for postmenopausal women who are candidates. It has been demon-
strated that those that use vaginal estrogen cream are more likely to continue the use 
of the pessary with less discharge, but it is not protective from erosions [18]. Minor 
complications of pessary use include changes in vaginal discharge and odor, spon-
taneous expulsion, voiding difficulty, and vaginal epithelial erosion [14, 15]. Severe 
complications include bleeding, severe vaginal discharge, constipation, pain, impac-
tion, fibrosis, and erosion into adjacent organs, which are more often associated 
with longer duration of use (6–10 years), pessaries utilized for POP, or forgotten or 
neglected pessaries. Outcomes demonstrate that greater than 50% of women using 
pessaries for incontinence will be satisfied with their symptomatic improvement 
[17, 19, 20]. When comparted behavioral therapy, which includes supervised PFMT, 
there was no difference between pessary and behavioral therapy groups at 3 and 
12 months [19, 20]. Higher failure rates of pessaries have been associated with prior 
incontinence surgery [17].

a

b

c

Fig. 7.1 (a) MILEX 
incontinence dish with and 
without support. (b) Poise® 
Impressa® bladder support. 
(c) Uresta® bladder support
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Limitations to the use of pessaries have been identified as the lack of knowledge 
on pessary fitting and patient difficulty correctly positioning and inserting the 
device. Uresta is a medical-grade, rubber bell-shaped pessary specifically for SUI 
that is inserted into the vaginal canal to provide urethral support at the bladder neck 
[21]. It is inserted by holding the handle and directing the tapered portion (with 
lubricant if necessary) into the vagina (Fig. 7.1). The patient determines the appro-
priate size by purchasing the starter kit and tries progressively larger sizes. The 
correct size is the one that does not cause discomfort, that provides reduction or 
resolution of SUI symptoms, and with which she experiences no difficulty in urina-
tion or defecation (https://www.uresta.com/pages/support). Reasons for discontinu-
ing of Uresta are similar to other pessaries including inadequate symptom control 
and expulsion of the device, which may be attributed to the inappropriate fit of the 
pessary [21]. Studies have not documented other adverse events or significant dis-
comfort noted by the patients [21, 22]. (https://myuresta.com/wp- content/
uploads/2019/08/023099- Uresta- IFU- NA- 2018- PRF.pdf). Outcome studies are 
limited to a single prospective study and single in-office assessment with pad test. 
In the first study, 66% of patients with SUI or SUI predominate MUI who were suc-
cessfully fitted for the device and followed prospectively, significant reduction in all 
types of UI was noted, and 76% continued to use the device at 1 year [21]. The 
second study, an office pad test, was performed with Uresta or a placebo vaginal 
silastic ring with 50% or greater reduction in pad weight after placement of the 
Uresta in comparison to the placebo [22]. Longer-term studies or studies with larger 
patient populations are not available.

Impressa is another vaginal insert for incontinence. This device has an applicator 
that is similar to a tampon that is used to place a nylon mesh-covered resin core 
(Fig. 7.1). The Impressa applicator is placed within the vaginal canal and, once the 
core is deployed, provides sub-urethral support in a tension-free manner with a 
string is attached to the distal end and grasped for removal [23]. Like Uresta, the 
Impressa patient purchases a sizing kit in which the appropriate size is based on 
comfort and reduction or resolution of leakage. Risks of the device include vaginal 
spotting, vaginal pain, vaginal and urinary tract infections, and possible toxic shock 
syndrome. The device is recommended to be in place no more than 12 h per day 
(https://www.poise.com/- /media/poise/files/poise- impressa- instructions- for- use.
pdf). In the literature, it was noted that urinary flow rates and post-void residuals did 
not differ significantly with device usage. The most common side effects are dis-
comfort, pain, and spotting [23]. In limited short-term studies, women using 
Impressa achieved >/= 70% pad weight gain reduction, and only 8% reported feel-
ing incontinent at the conclusion of the 28-day study period [23]. In addition, mean 
quality-of-life scores and other questionnaire data demonstrated significant 
improvement [24].

Of historical note, the urethral insert FemSoft had also been utilized for female 
stress urinary incontinence. This device involved a tube with a bulbous tip 
inserted into the urethra with a balloon that filled with mineral oil to stay in place. 
While studies had found that there were statistically significant reductions in pad 
weights and episodes of incontinence, adverse events included urinary tract 
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infections, trauma from insertion, and even migration of device with the need for 
cystoscopy for device retrieval. This device has since been discontinued by the 
manufacturer [25].

 Pelvic Floor Muscle Therapy

Pelvic floor muscle therapy (PFMT) with the goal to increase the strength of the 
pelvic floor has become an essential component of the treatment approach for 
patients with stress urinary incontinence (SUI), urgency urinary incontinence 
(UUI), and mixed urinary incontinence (MUI), but strengthening exercise programs 
are contraindicated in patients with pelvic floor muscle dysfunction, high-tone pel-
vic floor, or pelvic pain. In 2010, the 4th International Consultation on incontinence 
made the following recommendations: initial treatment of UI should include appro-
priate lifestyle advice, physical therapy, scheduled voiding regimens, behavioral 
therapies, and medications. Specifically, Grade A recommendation was provided 
for supervised PFT for women with SUI and supervised bladder training for OAB.

One of the greatest challenges with PFMT is that there is significant variability 
in how often and in what form patients receive education and assessment, tech-
niques, tools and devices used to assist training, and the exercise programs them-
selves. The frequency at which nonpregnant patients receive instruction on PFMT is 
variable estimated to be between 42% and 73% with verbal or written instruction 
occurring most often and physical exam instruction occurring only 7–28% of the 
time [26, 27]. Pregnant or postpartum patients are aware of the importance of 
PFME; however, most education is through verbal or written instructions, and few 
receive physical exam instruction [28, 29]. There is variability in the ability of 
women to perform correct contractions. In a digital assessment of antenatal women, 
66% were unable to perform an appropriate contraction at baseline [30], and in 
women over the age of 55 or greater, 23–60% of women were able to generate a 
squeeze Oxford Scale 3 or higher, 8–16% were not able to perform a contraction, 
9–44% used accessory muscles, and 6–12% performed a Valsalva [26, 27]. 
Therefore, it is important as a first step to ensure that the patients are able to identify 
the appropriate pelvic floor muscles and perform contractions correctly by digital 
palpation [31].

 Assessment of Pelvic Floor Contraction

Vaginal digital palpation is commonly used for the assessment of pelvic floor mus-
cle strength. It is inexpensive, and due to its minimally invasive nature, it is well 
tolerated for patients and easy to incorporate into routine pelvic examination, and 
no special equipment is required. Three common assessment scales have been 
developed and used for assessment of the pelvic floor: the modified oxford scale 
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(MOS) [32], Brink scale [33], and PERFECT Scheme [34] (Table 7.1). The MOS 
assessment is completed by single digital palpation of the vagina with squeeze, and 
strength of squeeze is rated on a scale of 0 (no squeeze) to 5 (strong). Several authors 
have reported that the MOS has only fair to moderate inter-rater reliability [31, 35, 
36]. The Brink Scale reports the assessment of three components of the contraction, 
pressure, duration, and displacement of the vertical plane, and a total score [33]. 
Assessment is performed by two-finger palpation with the index finger resting on 
the middle finger in the anteroposterior plane [34]. All components of the Brink 
scale have demonstrated good interrater reliability with the lowest correlation in the 
squeeze duration [33, 37, 38] and good test-retest reliability [33]. When compared 
to perineometer maximum pressure squeeze, the Brink total score and pressure 
score have moderate correlation (0.67–0.71) [37]. In contrast to the MOS and the 
Brink scale, the PERFECT Scheme was designed to assess both fast- and slow- 
twitch fibers of the pelvic floor muscles. In this assessment model, power (or pres-
sure), endurance, repetition, and fast contractions are assessed using single finger 
palpation vaginally in women or rectally in men [34].

Table 7.1 Comparison of the common assessment scales for pelvic floor contraction

Modified 
Oxford Scalea Brink Scaleb PERFECT Schemec

Pressure
0 – No 
response
1 – Flicker
2 – Weak 
squeeze
3 – Moderate 
squeeze
4 – Good 
squeeze
5 – Strong 
squeeze

Pressure
1 – No response/cannot 
perceive squeeze
2 – Weak squeeze/felt as 
flick
3 – Moderate squeeze/
felt all around the finger
4 – Strong squeeze/full 
finger compression

P   Pressure/power
0 – No response
1 – Flicker
2 – Weak squeeze
3 – Moderate squeeze
4 – Good squeeze
5 – Strong squeeze

Displacement
1 – None
2 – Fingertips move 
anteriorly
3 – Whole length of 
fingers more anterior
4 – Whole fingers move 
anteriorly

E   Endurance
   How long can they hold max voluntary contraction 

(Up to 10 s)

Duration
None
≥1 s and ≤3 s
> 3 s

R   Repetitions
   How many maximum volume contractions the 

patient can hold with a rest between (max to 10 
reps)

F   Fast contractions
   The number of 1 s maximum volume contractions 

patient can perform in a row (max of 10 
contractions)

ECT
   Every contraction timed

aSchüssler et al. [32]
bBrady et al. [5]
cLaycock and Jerwood [34]
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Perineometery and ultrasound are additional tools used in the assessment of pel-
vic floor muscle strength. The perineometer is a vaginal manometer that can mea-
sure the pressure of vaginal squeeze, resting pressure, and endurance [30]. 
Manometry has demonstrated high inter-rater and intra-rater reliability [36, 37] and 
is more often used for research purposes than in clinical practice. Transabdominal 
ultrasound imaging is currently used predominately in the research setting; how-
ever, with the increase in availability, it is an emerging technology in clinic practice. 
US enables assessment of the squeeze and lift through visualization of the patient’s 
posterior bladder wall elevation [39]; however, it cannot assess strength.

 Education on Pelvic Floor Muscle Contraction

The second key element to the successful implementation of PFME and PFMT is 
educating women on how to perform pelvic floor exercises correctly through writ-
ten and verbal communication with or without palpation, midstream interruption, or 
use of tools and devices in biofeedback. Historically education has been provided to 
patients in class settings, videos, and paper. The TULIP project demonstrated that 
there was no difference between groups educated via a 2-h class or a 20-min video 
for urgency and incontinence [40]. As information technology and the Internet have 
progressed, there has been increased interest in the use of web-based or mobile 
application for education on PFME. A series of studies were performed to assess the 
impact of education materials that included information on SUI, PFMT exercises, a 
tutorial on the Knack maneuver, exercises with graphics, and a three-times-a-day 
exercise program in women with self-reported SUI. Internet-based education mate-
rials were as effective as mailed materials with both groups reporting significant 
improvement in symptoms and conditions, specific quality-of-life questions, and 
being sustained at 2 years [41, 42]; these findings were similar when the educational 
materials were provided to all women regardless of the diagnosis of SUI [43]. The 
web-based educational material from the above studies is now a mobile app called 
Tät(®), which also includes reminders. Assessment of the impact of the app demon-
strated that it was effective in improving participants’ QOL and symptom severity 
and increased compliance [44]. The acceptance of web-based pelvic floor treatment 
programs has also been supported by a second independent study [45]. It has been 
identified that women who reported improvements had high treatment expectations, 
weight control, and self-rated improvement in muscle strength [46].

Teaching correct contraction is important for outcomes in all types of inconti-
nence. Incorrect contraction includes those who are not able to generate any con-
traction, use of accessory muscles, or Valsalva effort. A correct contraction consists 
of a squeeze around the vaginal opening followed by an inward and cranial lift [30], 
and on exam vaginal muscles should be pulled upward and inward without the use 
of accessory muscles including abdominal and gluteal muscles [27]. Qualitative 
research with a focus group of physiotherapists and one continence nurse identified 
that training-specific cues and verbal prompts are unique in pelvic floor therapy and 
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communication skills need to indicate understanding and safety to the patient. Most 
participants agreed that there is a need for an “information bank” of cues and verbal 
prompts and that cues may require different language for men and women [47]. One 
study identified that patients most often responded with a correct squeeze to 
“squeeze your vaginal muscles you use to hold your urine” and the direction of “lift 
your vaginal muscles inward and upward” least often elicited the correct squeeze 
[27]. Table 7.2 lists verbal cues that may be useful in helping your patients elicit a 
correct contraction.

The midstream interruption technique has been used to help women verify that 
they are engaging the correct pelvic floor muscles and to perform PFME correctly 
[26]. In this technique, women are instructed to stop the flow of urine while voiding. 
A recent study demonstrated that stopping the stream sequentially during voiding 
resulted in statistically higher PVR (36.7 m vs 8.2 ml) and less efficient micturition 
with lower maximum flow rate (17.8 ml/min vs 26.9 ml/min), and the authors con-
cluded this should not be used in the current practice of PFMT [48]. There are 
hypothetical concerns that when performed regularly, interrupting the urine stream 
may be interrupting the normal micturition cycle with the potential to promote void-
ing dysfunction, which has led this technique to be used less frequently. It has been 
recommended that women not routinely interrupt their urine stream when perform-
ing PFME [48, 49].

Though vaginal palpation is classically used to evaluate and teach appropriate 
contractions, biofeedback has emerged as an adjunct and/or alternative method. In 
the broadest sense, biofeedback can be both cognitive visualization or more com-
monly considered use of various tools, computer analysis, and physical visual imag-
ery to assist in the identification and correct performance of the desired exercises. 
The use of biofeedback and specifically the techniques used depend on the physical 
therapist. Though small individual studies have demonstrated superior strength of 
pelvic floor muscles and outcomes in incontinence [50, 51], a 2019 meta-analysis of 
RCTs for the use of biofeedback with PFMT concluded that biofeedback did not 
offer therapeutic benefits overall [52].

 Outcomes

There are numerous methods in which patients can perform PFME and PFMT 
including supervised or unsupervised settings, group versus individual therapy, and 
use of adjuncts like electrical stimulation and biofeedback. Data available on the 
success of unsupervised programs is conflicting. Early studies suggested that unsu-
pervised treatment programs were inferior to supervised programs when assessing 
by pad test, diaries, questionnaires, and subjectively reported improvements with 
low satisfaction in outcomes for the nontreatment groups [53–56]. More recent pub-
lications that confirm the appropriate performance of PFME prior to the start of 
treatment have demonstrated improvement in outcomes measures in patients per-
forming home regimens [57, 58]. This emphasizes the importance of patients 
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Table 7.2 Cuesa

Generic cues Female-specific cues

Verbal cues:
   “Squeeze and lift”
   “Squeeze and lift your pelvic floor”
   “Think of close and lift, so you’re drawing 

your tailbone up to the pubic bone”
Imagery cues:
   “So elevator…. going up the lift”
   “Imagine you’re stopping yourself from 

passing water as a cue that I think helps 
most people”

   “Imagine you’re in a crowded elevator, 
you’ve got some wind and you’re trying to 
hold it in because you don’t want anyone to 
hear or smell what you’re about to let go.”

   “Think of the ocean, or thinking about 
seeing that wave come in and then feeling it 
go and releasing out and moving away”

   “Using the description of a clock face, 
imagine 12’s at the top, six is where your 
tail bone is, three and nine are the sides, and 
if you imagine you’re sitting at a certain 
sized clock now and draw all those numbers 
together and draw it up inside, and then you 
take it down you’re trying to get people to 
relax, so starting with a wristwatch and let 
those numbers drift out to a wall clock.”

   “Pulling a straw up inside, pull everything 
up and in”

   “Plane taking off often if you want some 
more forward movement”

Verbal cues:
   “Squeeze and lift”
   “Lift your vaginal muscles inward and 

upward”
   “What you sit on, between your anus and 

vagina, imagine your saddle is drawing up 
inside”

   “Swing the tailbone forward to stop a wee 
and close the vagina”

   “If you’re sitting, lift away from the chair, 
squeeze and lift away from the chair and then 
let go and sink down into it, once if they’re 
sitting”

   “Sucking up through a straw so it’s a longer, 
slower contraction”

   “Squeeze the vaginal muscles you use to 
hold your gas or air”

   “Squeeze the vaginal muscles you use to 
hold your urine”

Digital cues:
   “Can you feel my finger? Can you imagine 

there’s a tampon there?”
   “Can you feel my finger? Can you push/pull 

against my finger?”
   “Okay squeeze here” as palpating internally
   “Squeeze the muscles of your vagina around 

my fingers”
Imagery cues:
   “Imagine a cotton ball sitting on the 

underwear and trying to lift up the cotton 
ball off and hold it inside and let it go, so 
very gentle, very soft references or peeling it 
away from the underwear”

   “Imagine you’re trying to lift the vagina 
away from your underwear”

   “Imagine a lift going up, a lift coming down”
   “Imagine you’re drawing a pea up and 

through the vagina toward your head.”
   “Imagine that you’re drawing that tampon 

further in”
   “Imagine someone is trying to pull on 

tampon string, and you’re trying to resist 
against it”

   “That idea of having something inside and 
drawing it up”

aSlade et al. [47]
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undergoing unsupervised programs to be able to correctly perform PFME. For sus-
tained improvement in symptoms, patients will need to continue to perform PFMT 
even after the completion of supervised programs highlighting PFMT requires com-
mitment from patients [59].

PFMT appears to be equally effective in reducing symptom severity when 
administered in individual therapy (IT) sessions or group therapy (GT) sessions 
[60–62] and may be potentially more cost-effective [61]. There has been some vari-
ation in the reported literature about differences in objective assessments. Figueiredo 
et al. reported improved PFM function in those that received at least some compo-
nent of IT compared to those that received only GT [62]. In contrast, de Oliveira 
et al. did not demonstrate differences in PFM strength or pad test between IT and 
GT [60].

When considering the outcomes of PFMT, even if patients do not have a signifi-
cant improvement in pelvic floor muscle strength, they still may have improvement 
in quality of life [57]. Specific recommendations of the International Consultation 
on Incontinence are outlined in Table 7.3.

 Counterbracing and Urge Suppression

Counterbracing or “the Knack maneuver” consists of timing a pelvic muscle con-
traction with the moment of expected leakage. Originally described in 1986 by 
Burgio et  al., the Knack is a purposeful contraction of the pelvic floor muscles 
before and during stress maneuvers [63, 64]. It has been demonstrated to displace 
the bladder neck and decrease mobility during cough [65]. The knack has been 
shown to decrease leakage 71–98.2% with 18.8% eliminating leakage all together 
[64, 66, 67]. Behavioral modification and bladder retraining are mainstays of con-
servative treatment for urinary urgency incontinence. In bladder training, patients 
are instructed on lower urinary tract function, setting incremental voiding sched-
ules, and urge suppression techniques or the “freeze and squeeze”(Supplementary 
Fig. 7.1). PFMT is important in bladder retraining to promote urge suppression and 
minimize leaking [68]. It has been demonstrated that contraction of the PFM 
increases intraurethral pressures, decreases detrusor pressure, and suppresses the 
micturition reflex [69]. Based on currently available published studies, there is evi-
dence that PFMT may reduce OAB symptoms and UUI; however, due to heteroge-
neity in studies, it is possible to clearly determine the effect [70].

 Creating Individualized Programs

Patients entering PFMT programs are going to have different baseline knowledge, 
skills, and expectations. It is critical to recognize these differences and understand 
the patient’s perspective to develop a training program individualized to the 
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patient, and for that reason, the utility of generic management is limited [47]. 
Effective education can occur through traditional classroom environment, written 
material, videos, and web-based programs, and mobile apps. Training can take 
place in individualized or in group settings, but the assessment of the patient’s 
ability to perform pelvic floor muscle contraction and corrective direction is essen-
tial. Adjuncts with supervision, biofeedback, and other devices may be necessary 
to help patients correctly perform exercises. Providing exercise regimens is further 
compounded by the literature, and due to the lack of standardized protocols across 
studies, it is challenging to form conclusions on what is most effective [34]; how-
ever, we do provide a general strengthening regimen in Supplementary Fig. 7.2. 
After assessment and confirmation of correct pelvic floor squeeze, the provider 

Table 7.3 Recommendations of the 5th International Consultation on Incontinencea

Grade of 
recommendation Recommendation

PFMT

Continent primiparas – 
prevention of UI

A Should be offered a supervised, high-intensity 
strengthening antepartum program to prevent 
postpartum UI

Treatment of 
UI > 3 months 
postpartum

A Offered as 1st line conservative therapy
B Intensive PFMT is likely to increase effect of 

treatment
Prevention AND 
treatment in 
childbearing women

B Consider cost/benefit or population-based 
approaches to health professionals taught 
antepartum or postpartum PFMT

UI – general A Offered as 1st line conservative therapy for 
SUI, UUI, or MUI. Provide the most intensive 
PFMT program possible

A Supervised and taught by trained health 
professionals are better than self-directed 
programs

Biofeedback-assisted PFMT

Clinic biofeedback A No clear benefit
B No clear benefit

Vaginal weighted cones

SUI B Training sessions supervised by trained health 
professionals can be 1st line for women who 
are able and prepared to use VWC

Bladder training

UI – general A May be an appropriate 1st line therapy
UUI or MUI B Effective 1st line conservative therapies
SUI B PFMT is better than BT
DO, or UUI B BT or anticholinergic drugs may be effective

aDumoulin et al. [76]
PFMT pelvic floor muscle training, UI urinary incontinence, SUI stress urinary incontinence, UUI 
urge urinary incontinence, MUI mixed urinary incontinence, DO detrusor overactivity, BT bladder 
training, VWC vaginal weighted cones
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can use the general strengthening regimen to set starting parameters and goals for 
the patient. If, however, a patient cannot correctly perform a contraction in the 
office, referral to a physical therapist should be considered prior to abandoning 
PFMT as an option. Patients undergoing supervised PFMT with a physical thera-
pist will have individually directed home programs based on repetitive 
reassessments.

 Conclusion

UI has a tremendous economic burden on both the health care system and patients, 
and with the aging population, the economic impact will only continue to increase. 
In 2007, the total burden (including lost work productivity) from OAB alone was 
$65.9 billion with an estimated $82.6 billion in 2020 [5]. With the rising cost of 
healthcare and economic burden of UI, it is important to continue to consider non-
surgical intervention. Cost-analysis studies have demonstrated that based on will-
ingness to pay, surgical intervention is the most cost-effective for those with high 
monetary thresholds, but for the lowest willingness to pay threshold, the pessary is 
the most cost-effective [71]. Within the gamut of nonsurgical intervention, PFMT 
appears to have the greatest monetary benefit [72], and for surgical failures, conser-
vative management should be considered [73]. The success of conservative, nonsur-
gical treatment options for UI is dependent on patient selection. It has been identified 
that menopause, higher education, no prior incontinence procedure, and lower fre-
quency of leakage were predictors for success with nonsurgical interventions in SUI 
[74] and that long-term success is greater for older patients and those that perform 
the PFMT regularly [75]. These factors may need to be considered when offering 
nonsurgical interventions to patients.
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Chapter 8
Medical Therapy with Antimuscarinics 
and ß3-Agonists

Sophia Delpe Goodridge and Leslie M. Rickey

 Introduction

Overactive bladder (OAB) is a benign lower urinary tract condition which affects 
between 10% and 17% of the population with an increase in prevalence as patients 
age [1, 2]. In North America alone, OAB conditions impact 34 million people and 
are associated with a large economic burden. In the United States, it is estimated 
that $12 billion annually is spent on the management of overactive bladder [3]. Non- 
life- threatening lower urinary tract dysfunction can be debilitating with consequen-
tial impacts on quality of life including impaired mobility, decreased domestic and 
work-related productivity, social isolation, sleep disturbance, depression, and 
impaired sexual function [4–6]. Though the overall prevalence among men and 
women is similar, women report greater severity of symptoms and experience a 
higher incidence of urgency urinary incontinence [4].

Overactive bladder is defined by the International Continence Society as urinary 
urgency or the sudden need to urinate in the presence or absence of urgency urinary 
incontinence (UUI) and may also include daytime urinary frequency and nocturia 
[7]. Several theories exist regarding the underlying pathology associated with over-
active bladder, including neurogenic and myogenic etiologies [8]. Age, infection, 
and inflammation can impact detrusor permeability and neuronal function, and indi-
vidual microbiome appears to contribute to overactive bladder symptoms as well 
[9–11]. These theories are likely interrelated with the etiology of OAB being multi-
level and heterogeneous across various patient phenotypes.
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Oral pharmacotherapy is the second line of treatment for bothersome overactive 
bladder in the AUA/SUFU Guidelines once behavioral modification and pelvic 
muscle interventions have been considered [12]. Two drug classes have been identi-
fied for use in the treatment of overactive bladder: antimuscarinics and ß3-agonists. 
The aim of this chapter is to review the pharmacology of medications used for over-
active bladder as well as side effect profiles and comparative efficacy.

 Medication Pharmacology

Bladder function is regulated by the parasympathetic and sympathetic nervous sys-
tems. In the absence of pathology, the sympathetic nervous system facilitates blad-
der wall relaxation and storage of urine, while the parasympathetic nervous system 
mediates bladder wall contraction for bladder emptying [8].

Antimuscarinic medication functions by inhibiting the parasympathetic pathway 
via cholinergic muscarinic receptor blockade in the detrusor muscle, thus reducing 
or eliminating the severity of detrusor contraction. There are five identified musca-
rinic receptor subtypes (M1-M5), and [13] detrusor smooth muscle contains primar-
ily M2 and M3 receptors. M3 receptors mediate cholinergic induced bladder 
contractions, while the role of M2 receptors is less well defined but is thought to act 
synergistically with M3 [14–16]. M2 and M3 receptors have been identified 
throughout the urothelium and on nerve fibers, and there are likely effects on the 
afferent pathways as well via A-delta and C-fiber nerves [17]. Currently available 
antimuscarinic therapies have varying levels of M3 affinity over other receptor sub-
types which affects the side effect profile [18]. Muscarinic receptors are also abun-
dant in the mouth, eyes, and gut, which account for the common side effects of dry 
mouth, constipation, and visual disturbances. Muscarinic receptors are present in 
the central nervous system, where M1 and M2 appear to be important for higher 
cognitive processes [19].

Adrenergic receptors are the targets of catecholamines including norepinephrine 
and epinephrine, with stimulation of the ß3 receptor resulting in detrusor relaxation. 
Three ß adrenoreceptors have been described: ß1, ß2, and ß3. ß3 receptors are pre-
dominantly found in the detrusor and urothelium and are activated by adrenergic 
stimulation. Ninety-seven percent of ß adrenergic receptors that are expressed on 
the mucosal and muscular layer of the detrusor are ß3 receptors [20].

 Antimuscarinic Effectiveness

Six antimuscarinic oral agents are recognized by the AUA/SUFU Guidelines for use 
in patients with overactive bladder (Table 8.1) [12]. These agents include oxybu-
tynin, tolterodine, darifenacin, solifenacin, fesoterodine, and trospium. Oxybutynin 
immediate release (IR) is the oldest currently used formulation of this drug class. A 
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Table 8.1 Antimuscarinic medications used in the treatment of overactive bladder

Oral anti- 
muscarinic 
agents used for 
overactive 
bladder Dose Formulation Side effect Specific population use

Darifenacin 7.5 mg once 
daily
Can increase to 
15 mg once 
daily max 
based on 
response and 
tolerance

Extended- 
release tablet

7.5 mg:
Dry mouth 
20.5%
Constipation 
14.8%
UTI 4.7%
15 mg:
Dry mouth 
35.3%
Constipation 
21.3%
Dyspepsia 8.4%
UTI 4.5%

Do not exceed 7.5 mg in 
those with moderate 
hepatic impairment 
(Child-Pugh B) or taking 
potent CYP3A4 inhibitors
Not recommended in 
those with severe hepatic 
impairment (Child-Pugh 
C)
No dose adjustment 
recommended for patients 
with renal impairment

Fesoterodine 4 mg once 
daily
Can increase to 
8 mg once 
daily max 
based on 
response and 
tolerance

Extended- 
release tablet

4 mg:
Dry mouth 
18.8%
Constipation 4%
8 mg:
Dry mouth 19%
Constipation 6%

Do not exceed 4 mg in 
those with severe renal 
impairment (CrCl 
<30 mL/min) or taking 
potent CYP3A4 inhibitors
Not recommended in 
those with severe hepatic 
impairment. (Child-Pugh 
C)
No dose adjustment 
recommended in those 
with moderate hepatic 
impairment (Child-Pugh 
B)

Oxybutynin Adult: 5–15 mg 
once daily
Do not exceed 
30 mg daily
Pediatric (age 6 
and older): 
5 mg once 
daily. Do not 
exceed 20 mg 
per day

Extended- 
release tablet

Dry mouth 
71.4%
Constipation 
15.1%
Headache7.5%
Somnolence 
14.0%
Dizziness 16.6%

Use not established in 
those with renal or hepatic 
impairment
Use in pediatrics 
established but not 
recommended on those 
who cannot swallow 
without chewing
Caution when 
administering with 
CYP3A4 inhibitors. 
Oxybutynin levels 
were ~2× higher when 
administered with 
ketoconazole

(continued)
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Table 8.1 (continued)

Oral anti- 
muscarinic 
agents used for 
overactive 
bladder Dose Formulation Side effect Specific population use

Solifenacin 5 mg once 
daily
Can increase to 
10 mg once 
daily based on 
response and 
tolerance

Film-coated 
tablet

5 mg:
Dry 
mouth10.9%
Constipation 
5.4%
10 mg:
Dry mouth 
27.6%
Constipation: 
13.4%
UTI 4.8%

Do not exceed 5 mg in 
those with severe renal 
impairment (CrCl 
<30 mL/min), moderate 
hepatic impairment 
(Child-Pugh B), or taking 
potent CYP3A4 inhibitors

Tolterodine Immediate- 
release: 1–2 mg 
BID
Extended- 
release: 2–4 mg 
once daily

Immediate- 
release and 
extended- 
release 
capsules

Dry mouth 30%
Constipation 7%
Headache 7%
Vertigo/
dizziness 5% 
Abdominal pain 
5%

Immediate-release: 
Reduce dose to 1 mg BID 
in those with severe renal 
impairment (CrCl 
10–30 mL/min)
Reduce dose to 1 mg BID 
in those with severe 
hepatic impairment
Extended-release: Reduce 
dose to 2 mg once daily in 
those with severe renal 
impairment (CrCl 10 to 
30 mL/min). Not 
recommended in those 
with CrCl <10 mL/min
Reduce dose to 2 mg once 
daily in those with mild to 
moderate hepatic 
impairment (Child-Pugh 
class A or B). Not 
recommended in those 
with Child-Pugh class C
See dosing regarding 
coadministration with 
CYP3A4 inhibitors
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multitude of studies have been done comparing these drugs to placebo and to one 
another to assess efficacy and side effect profiles. In terms of general improvement 
of overactive bladder symptoms, the proportion of people that report resolution of 
urgency incontinence symptoms with medication is 49% (interquartile range, 
35.6–58%) [29]. Improvement of urgency, frequency, and nocturia in patients with-
out incontinence tends to be lower, in the 15–35% range [30, 31].

A recent meta-analysis compared outcomes in 128 eligible randomized studies. 
Overall, those taking active treatments were more likely to report subjective 
improvement in number of leakage episodes and voids compared to placebo (OR 
range 1.42–2.20), while differences between active treatments were not significant 
[32]. Another systematic review and meta-analysis in women in antimuscarinic tri-
als found a reduction in two voids per day and 1.73 incontinence episodes per day, 
and similarly, there was no difference between medications in terms of superior 
efficacy [33]. Of note, 82% of the studies that met criteria for inclusion in the analy-
sis were industry sponsored. Increased cytometric bladder capacity (54 mL, range 
43–66) and volume at first contraction (52  mL, range 38–67  mL) was noted in 

Table 8.1 (continued)

Oral anti- 
muscarinic 
agents used for 
overactive 
bladder Dose Formulation Side effect Specific population use

Trospium Immediate- 
release: 20 mg 
BID
Extended- 
release: 60 mg 
once daily in 
the morning

Immediate- 
release and 
extended- 
release 
capsules

Dry mouth 5.8%
Constipation 
4.6%

Immediate-release: 
Reduce dose to 20 mg 
once daily at bedtime in 
those with severe renal 
impairment (CrCl 
<30 mL/min)
There is no 
recommendation for use 
in those with hepatic 
impairment
Geriatric patients 
>75 years old may titrate 
down to 20 mg once daily 
based on tolerability
Extended-release: Not 
recommended in those 
with severe renal 
impairment (CrCl 
<30 mL/min)
There is no 
recommendation for use 
in those with hepatic 
impairment

From: [21–28]
Included are all side effects measured at prevalence ≥4%
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treatment groups compared to placebo. Average increases in post void residual vol-
umes were not clinically significant (0.1–6.8 mL) [18].

Patient assessed changes in symptom bother and impact as measured by the 
Incontinence Impact Questionnaire, King’s Health Questionnaire, and Overactive 
Bladder Questionnaire (OAB-q) Bother Score also showed improvements in lower 
urinary tract symptoms (LUTS) related quality of life over placebo, without differ-
ences among antimuscarinic agents [34].

The most commonly reported side effect of all antimuscarinic medications was 
dry mouth (OR generally between 3–5 compared to placebo), with the highest rates 
found with oxybutynin IR (OR 9.5) [32]. The next most common side effects are 
constipation and vision changes. Adverse event reporting is variable across avail-
able clinical trials, but a systematic review reported dry mouth in 6.3–13.6%, con-
stipation in 2.2–5.1%, and blurred vision in 0.8–6.2% of trial participants [35].

It should also be noted that despite effectiveness, OAB medication adherence 
varies greatly. In clinical trials rates of discontinuation range from 4% to 31%, 
while medical claim studies show higher rates of discontinuation ranging from 43% 
to 83%. Most patients discontinue medications within 30 days, with rates of discon-
tinuation increasing over time, primarily driven by both lack of efficacy and medi-
cation side effects [36, 37].

It is well recognized that subjective outcomes that capture overall improvement 
and satisfaction from a patient standpoint are important in measuring treatment 
effect [38]. Patient assessed improvement in quality of life and global outcome mea-
sures likely take both symptom improvement and side effects into account and may 
be a superior indicator of successful treatment and medication adherence compared 
to bladder diary data alone.

 Comparative Effectiveness

A number of randomized controlled trials of the six aforementioned antimuscarinic 
agents have been conducted, most of which are industry sponsored. A 2012 
Cochrane Review was recently updated by Hsu et al. and outlined the comparative 
data, which confirmed that while there are differences in side effects, efficacy is 
similar among antimuscarinic medications [35].

In studies assessing efficacy of tolterodine versus oxybutynin chloride, no statis-
tical differences were noted in incontinence episodes per day, micturition frequency, 
or quality of life. Tolterodine was found to have fewer adverse events resulting in a 
decreased rate of medication discontinuation (RR 0.52, 95% confidence interval 
0.40–0.66) and fewer reported episodes of dry mouth (RR 0.65, 95% CI 0.60–0.71) 
[39]. One trial did find that patients taking oxybutynin 10 mg extended release (ER) 
were more likely to report no incontinence compared to those taking tolterodine 
4 mg ER (23% vs 17%, p = 0.03) [40].

The immediate release formulations of trospium and oxybutynin have similar 
rates of improvement in symptoms; however subjects taking trospium were less 
likely to report dry mouth (RR 0.64, CI 0.52–0.77) which likely affected the lower 
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withdrawal rate in this group. One included trial that compared solifenacin to oxy-
butynin IR also showed lower rates of dry mouth and withdrawals in the solifenacin- 
treated subjects.

Another small trial compared darifenacin 7.5  mg to trospium ER 60  mg and 
found similar improvements in all of the Overactive Bladder Symptom Score 
(OABSS) subscales (urgency, frequency, nocturia, and UUI) and similar rates of 
increased constipation.

In trials comparing solifenacin 5 mg to tolterodine 4 mg, patients in the solifena-
cin group reported greater improvement in quality of life and fewer leakage epi-
sodes, while there was no difference in 24-h micturitions. Pooled results from two 
trials showed better improvement or cure with solifenacin (RR 1.25, CI 1.13–1.39). 
No differences were noted in withdrawal due to side effects and adverse events. It 
appears that dry mouth rates are lower with solifenacin compared to tolterodine IR 
but are higher with solifenacin compared to tolterodine ER. One new trial compared 
fesoterodine 4  mg to solifenacin 5  mg and reported similar improvement in the 
OABSS. Though the higher rates of constipation (5.1% vs 1.7%) and dry mouth 
(13.6% vs 5.0%) with fesoterodine were not statistically significant, there were 
more subjects that withdrew in the fesoterodine group (10.2% vs 0%) [35].

When comparing fesoterodine 8 mg to tolterodine ER 4 mg, subjects in the fes-
oterodine group reported increased improvement in quality of life (QOL), leakage 
episodes, frequency, and urgency. Though rates of improvement/cure were higher 
with fesoterodine (RR 1.11, CI 1.06–1.16), there were also higher rates of dry 
mouth and withdrawal due to adverse effects [39].

Reynolds et al. did a systematic review assessing comparative effectiveness of 
tolterodine IR/ER, trospium, darifenacin, solifenacin, and fesoterodine in women. 
All medications were found to be modestly effective in improving one or more OAB 
symptoms. Overall, there was marginal superiority with ER formulations. 
Ultimately, no one drug outperformed another, consistent with other systematic 
reviews and meta-analyses [40].

 Transdermal Use of Antimuscarinics

Oxybutynin is the most widely prescribed antimuscarinic in the US market and has 
evolved over the past 40 years from oral formulations to transdermal patches and 
gels. This was largely influenced by the side effect profile of the oral immediate 
release form of oxybutynin [41]. Oxybutynin IR undergoes first-pass liver metabo-
lism resulting in an active primary metabolite which has a higher affinity for sali-
vary gland M3 receptors than detrusor muscle antimuscarinic receptors [42]. 
Endeavors to improve pharmacokinetics and lower incidence of adverse events led 
to development of transdermal antimuscarinic therapy.

Transdermal oxybutynin (OXY-TDS) enters the systemic circulation via small 
capillaries in the dermis with steady state maintained for 96 h. It avoids first pass 
through the liver reducing its primary metabolite resulting in decreased dry mouth 
(7.0%) and constipation (2.1%) [43]. Skin site reactions were the most commonly 
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reported adverse events including erythema (8.3%) and itchiness (14.0%). Skin- 
related adverse events were reduced by application site rotation and largely resolved 
on their own. Randomized controlled trial studies comparing OXY-TDS to extended- 
release tolterodine showed equal efficacy in reducing incontinence episodes and 
urinary frequency, and both were superior to placebo [44].

Oxybutynin chloride topical gel (OTG) is a once-daily formulation which uti-
lizes ethanol as a skin permeation enhancer. Steady-state plasma levels are achieved 
within 1 week of application. The pharmacokinetic profile is not negatively affected 
by showering or sunscreen application. Overall, urinary frequency and urgency 
incontinence episodes decreased significantly with the use of OTG with reported 
dry mouth rates of 6.9%. Application site reactions were infrequently observed 
(5.4%) [45–47]. Limited data is available comparing OTG to placebo or antimusca-
rinics. To date, there is no therapeutically equivalent version of OTG available in the 
United States.

 ß3-Agonist Effectiveness

 Mirabegron

ß3-agonists were developed as an alternative treatment option to antimuscarinics for 
the treatment of overactive bladder (Table  8.2). The first of two FDA-approved 
ß3-agonists is mirabegron, approved in 2012.

When compared to placebo, mirabegron 50 and 100 mg resulted in improved 
urgency incontinence episodes (−1.13 [−1.35, −0.91], −1.47 [−1.69, −1.25], −1.63 
[−1.86, −1.40]) and 24  h voids (−1.05 [−1.31, −0.79], −1.66 [−1.92, −1.40] 
and −  1.75 [−2.01, −1.48]) (p  <  0.05). At 12  months, responders with ≥50% 
decrease from baseline in the mean number of incontinence episodes were 63.7% 
and 66.3% in the mirabegron 50 mg and mirabegron 100 mg groups, respectively. 
Treatment satisfaction and patient reported improvement using the OAB-q and the 
Patient Perception of Bladder Condition (PPBC) showed significant improvement 
as well compared to placebo control groups [50].

In subjects receiving 50 mg and 100 mg doses, <2% reported constipation and 
dry mouth, and urinary retention was not reported. UTI (non-culture documented) 
was reported by 2.7% and 3.7% of subjects in the 50 mg and 100 mg arms, respec-
tively, compared to 1.8% in the placebo group. Overall, the risk of dry mouth, con-
stipation, and blurred vision was similar between mirabegron and placebo [51].

ß3-agonist receptors are found in the cardiovascular system, and activation may 
result in positive inotropic effects on the atrial tissue and negative inotropic effects 
on the ventricular tissue [20]. A meta-analysis evaluating the effect of mirabegron 
on the cardiovascular system found that hypertension was identified in 12% of par-
ticipants in the 25 mg arm, 8.7% in the mirabegron 50 mg arm, and 8.5% of the 
placebo arm at 12 weeks of treatment, with a mean increase of systolic blood pres-
sure and diastolic blood pressure of 1  mmHg. Increases in blood pressure were 
reversible after discontinuation of the medication [52]. A dose-dependent increase 
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in heart rate of <3 beats per minute was noted in the 100 mg group. It is admittedly 
difficult to separate out drug effect from natural history of disease in some instances. 
When looking at shifts between hypertensive states, the proportion of subjects that 
went from a normotensive to hypertensive was detected in 2.6% of placebo, 2.6% of 
mirabegron 25 mg, and 6.4% of mirabegron 50 mg users. Worsening hypertension 
in those patients with a diagnosis at baseline occurred in 18.3% of placebo, 16.3% 
of mirabegron 25 mg, and 21% of mirabegron 50 mg subjects [53].

In a population-based cohort study, the 1-year incidence of arrythmia or tachy-
cardia was similar between new users of mirabegron and antimuscarinic agents 
(3.6% vs 3.8%). There was no increased risk of myocardial infarction (MI) or stroke 
detected in the mirabegron group (HR 1.06; 95% CI 0.89–1.27) [54]. In a secondary 
analysis of patients ≥65 years, cardiac disorders were reported in five (1.1%) pla-
cebo patients and nine (2.0%) mirabegron patients [55]. Major adverse cardiac 
events were similar (0.4%) between patients in the mirabegron and placebo groups, 
with nonfatal stroke reported in three patients (two in placebo group and one in 
mirabegron 50 mg group) and one nonfatal MI in the mirabegron 50 mg group [53]. 
More research is necessary to elucidate whether there are higher risk patient groups 
that would influence decisions around ß3-agonist use for OAB.

Table 8.2 ß3-agonist medications used in the treatment of overactive bladder

Oral ß3-agonists 
used for 
overactive bladder Dose Formulation

Side 
effect Specific population use

Mirabegron 25 mg 
daily
50 mg 
daily

Extended 
release

25 mg:
HTN 
11.3%
UTI 4.2%
50 mg:
HTN 
7.5%

Avoid in patients with poorly controlled 
hypertension (systolic blood pressure 
≥180 mmHg or diastolic blood pressure 
≥110 mmHg, or both)  
Do not exceed 25 mg in patients with severe 
renal impairment (CLcr 15 to 29 mL/min or 
eGFR 15 to 29 mL/min/1.73 m2)  
No dose adjustment is necessary in 
patients with mild or moderate renal 
impairment (CLcr 30 to 89 mL/min or 
eGFR 30 to 89 mL/min/1.73 m2)  
Do not exceed 25 mg in patients with 
moderate hepatic impairment (Child-
Pugh B)  
Monitor drugs metabolized by CYP2D6 
enzyme  
No dosage adjustment for GEMTESA is 
recommended for patients with mild, 
moderate, or severe renal impairment 
(eGFR 15 to <90 mL/min/1.73 m2)  
No dosage adjustment for GEMTESA is 
recommended for patients with mild to 
moderate hepatic impairment (Child-
Pugh A and B)

Vibegron 75 mg 
daily

Extended 
release

Headache 
4%

From: [48, 49]
Included are all side effects measured at prevalence ≥4%
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 Vibegron

Vibegron is a new ß3-agonist approved by the Federal Drug and Food Administration 
in December of 2020 for a once-daily 75 mg dose for the treatment of OAB. Notably, 
the medication does not have an effect on hepatic CYP enzymes, which should 
decrease risk of drug-drug interactions with medications metabolized by CYP2D6 
[56]. In the Phase III EMPOWUR study comparing vibegron 75 mg to placebo with 
tolterodine extended-release 4 mg as an active control, there were greater improve-
ments in voiding frequency and incontinence episodes in the vibegron group at 
12 weeks (−1.8 vs −1.3 voids, p < 0.001 and − 2.0 vs −1.4 episodes, p < 0.0001, 
respectively) [57]. In subjects with incontinence, 52% of vibegron-treated patients 
had a ≥ 75% reduction in daily UUI compared to 37% in the placebo group 
(p < 0.0001), with improvement maintained at 52 weeks in an extension study [58]. 
Adverse events that were higher with vibegron versus placebo were headache, naso-
pharyngitis, diarrhea, and nausea. Hypertension was similar in both groups (1.7%), 
and blood pressure increase was also similar (0.7% for vibegron and 0.9% for pla-
cebo). Finally, discontinuation rates were 1.7% in the vibegron group, 1.1% in the 
placebo group, and 3.3% in the tolterodine group.

 Efficacy of ß3-Agonist Compared 
to Antimuscarinic Monotherapy

Kelleher et al. performed a meta-analysis of antimuscarinic therapy compared to 
mirabegron 50 mg that included 64 studies. Regarding voiding frequency, no signifi-
cant differences were found between mirabegron 50 mg and antimuscarinic mono-
therapies except for solifenacin 10 mg which was found to be more effective. Greater 
reductions in UUI were found with fesoterodine 8  mg compared to mirabegron; 
however, the remaining agents were equally effective. Achieving at least 50% reduc-
tion in incontinence episodes was similar across all medications, while trospium 
60 mg (OR 1.62), solifenacin 10 mg (OR 1.28), and fesoterodine 8 mg (OR 1.27) 
were all more efficacious in achieving dry rates compared to mirabegron 50 mg [59].

Side effects which were analyzed in this meta-analysis included dry mouth, con-
stipation, blurred vision, hypertension, and urinary retention. Dry mouth was sig-
nificantly lower with mirabegron compared to all other active treatments except for 
oxybutynin IR 5 mg (OR 2.99; 0.68, 13.75). The risk of constipation and urinary 
retention was also significantly lower in the mirabegron group compared to most 
antimuscarinic agents. No significant differences were appreciated between the two 
drug classes with regard to blurred vision and hypertension [59].

In summary, this meta-analysis suggests that mirabegron has similar efficacy for 
OAB treatment compared to antimuscarinics with increased tolerability in some 
instances. A large database study of clinical practices in the United Kingdom 
showed a longer time to medication discontinuation for mirabegron compared to 
antimuscarinics (169  days vs 30–78  days) and greater persistence at 12  months 
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(38% vs 8.3–25%, p < 0.0001) [60]. A US database analysis showed similar low 
adherence rates over 12  months in both mirabegron (44%) and antimuscarinic 
(31%) users [61].

In terms of medication switching, 30% of patients previously maintained on anti-
muscarinic medication (for at least 3 months) reported moderate to marked improve-
ment after switching to mirabegron, while 25% reported mild improvement, 31% 
reported no change, and 10% reported worsening outcomes [62]. Finally, in women 
who had previously failed therapy with at least one antimuscarinic agent, 37% of 
those treated with mirabegron 50  mg as second-line therapy were considered 
responders compared to 75% in the treatment naïve group (p < 0.00001) [63].

There is limited data on predictors of treatment outcome for the various OAB 
therapies across first-, second-, and third-line treatments. The Symptoms of Lower 
Urinary Tract Dysfunction Research Network (LURN) network is developing more 
discrete patient subtypes within the OAB spectrum of symptoms which may help 
improve patient-specific management recommendations. Additionally, effects of 
frailty, age, biology, comorbidities, and lifestyle factors should be considered in 
models seeking to inform risk stratification [64].

 Combination Therapy

The OAB Guidelines were amended in 2019 to include consideration of combina-
tion therapy with antimuscarinic and beta-agonist formulations for patients with 
unsatisfactory symptom improvement with monotherapy alone. Various combina-
tions of solifenacin and mirabegron have been trialed, and in general the combina-
tion regimens tend to have greater improvements in voiding frequency and 
incontinence episodes compared to placebo and monotherapy. Overall “dry” rates 
are higher as well (46–52% vs 38–46%) [65, 66].

In the BESIDE trial, subjects with continued incontinence while on solifenacin 
5  mg were randomized to solifenacin 5  mg, solifenacin 10  mg, or combination 
therapy with solifenacin 5 mg + mirabegron 25 mg. Compared to solifenacin 10 mg 
monotherapy, the combination group had greater reductions in urgency inconti-
nence episodes (−1.82 vs −1.63, p = 0.014), and more subjects demonstrated “zero 
incontinence” on 3-day diary [46% vs 40%, OR 1.28 (1.02–1.61, p = 0.033)] [66]. 
A randomized control trial evaluated the efficacy of mirabegron 50 mg versus soli-
fenacin 10  mg versus combination mirabegron 50  mg and solifenacin 10  mg as 
compared to placebo. Response to treatment was measured by urodynamic evalua-
tion as well as pre- and post-treatment OAB questionnaires. Efficacy was similar 
between the two monotherapy groups, and the combination therapy group had a 
greater improvement in UUI, frequency, and urgency without an increase in side 
effects [67]. In the combination group, 29% of the subjects reported side effects 
versus 33% in the mirabegron group, 21% in the solifenacin group, and 24% of the 
placebo subjects. The SYNERGY study further supported this data by demonstrat-
ing that combination therapy not only improved objective outcomes but also 
improved subjective, patient- relevant outcomes [68].
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 OAB Treatment and Cognitive Impairment

Emerging evidence has documented the risk of cognitive impairment in people tak-
ing medications with anticholinergic properties [69]. As described earlier, there are 
muscarinic receptors in the CNS, and OAB medications have the potential to cross 
the blood-brain barrier. Antimuscarinic medications used to treat OAB include both 
tertiary and quaternary amines. Tertiary amines are smaller, lipophilic, and neutral 
and thus able to cross the blood-brain barrier. Known tertiary amines are darifena-
cin, fesoterodine, oxybutynin, solifenacin, and tolterodine. Quaternary amines, such 
as trospium, have a net positive charge, are hydrophilic, and have decreased lipophi-
licity, therefore making it less likely to cross the blood-brain barrier [70]. Studies 
have also shown that drugs that are part of the permeability-glycoprotein (P-gp) 
system can actively be transported out of the brain. Darifenacin, fesoterodine, and 
trospium are P-gp system substrates and have been shown to have poor penetration 
across the blood-brain barrier in animal studies [71]. Several factors can increase 
the permeability of the blood-brain barrier including trauma, Parkinson’s disease, 
Alzheimer’s disease, diabetes, multiple sclerosis, hypertension, epilepsy, migraines, 
stress, and age [72].

In a large case-control study published in JAMA in 2019, cumulative anticholin-
ergic drug exposure was a risk factor for a new diagnosis of dementia in subjects 
over 55 years during the 11-year study period. The adjusted odds ratio of dementia 
for bladder antimuscarinic drugs was 1.20–1.65, and this finding seems consistent 
with an earlier study that showed an OR of 1.2 for bladder antimuscarinic medica-
tion users 4–20 years prior to dementia diagnosis [69, 73]. Though the evidence 
associating anticholinergic use and risk of cognitive impairment (CI) is established, 
individual risk and causation are less well understood. Patients with OAB have 
more systemic neurologic, psychologic, cardiopulmonary, and musculoskeletal 
conditions and are more likely to have CNS and cardiovascular comorbidities that 
can increase their baseline risk of CI [74, 75]. However, a population-based cohort 
study showed an increased risk of dementia in new OAB antimuscarinic users ver-
sus new ß3-agonist users (HR 1.23, CI 1.12–1.35), though the overall risk was low 
[76]. Interestingly, gender appeared to play a role as the increased risk was seen 
primarily in males, with no significant difference in females in the subgroup 
analysis.

In short-term studies conducted in clinical populations taking antimuscarinic 
medication for OAB, there has been a varying effect on cognitive measures. In a 
randomized study of the vulnerable elderly, there was significant improvement in 
the PPBC and high satisfaction in patients randomized to fesoterodine versus pla-
cebo. Mini Mental State Exam (MMSE) remained stable in both groups at 12 weeks, 
though two patients in the fesoterodine group reported subjective memory impair-
ment and one patient withdrew due to mild confusion [77]. In a small study of 
patients ≥75 years with mild cognitive impairment who were randomized to solif-
enacin, oxybutynin, or placebo, only oxybutynin was associated with decreases in 
attention measures [55]. When comparing cognitive tests in subjects ≥60  years 
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randomized to darifenacin, oxybutynin ER, or placebo, only oxybutynin was associ-
ated with memory impairment after 3 weeks of use [78]. One prospective study 
assessing women ≥55 years with OAB found an initial decline in cognitive function 
after starting trospium ER based on the Hopkins Verbal Learning Test- Revised. 
Cognitive function returned to baseline by week four of treatment and remained 
stable until week 12 when the study was completed [79]. The authors did a follow-
up randomized controlled study and did not see any difference in cognitive function 
between the trospium and placebo groups over a 4-week period [80].

Few ß3-agonist receptors exist in the central nervous system making ß3-agonist 
medications a potential treatment choice for patients who are at risk for development 
of cognitive impairment. Mirabegron is also a known substrate for the P-gp system. 
A recent study assessing safety and tolerability of mirabegron found that cognitive 
impairment was similar between treatment and placebo groups with no significant 
adjusted mean scores in Montreal Cognitive Assessment from baseline [81].

Many medications, both prescribed and over the counter, have anticholinergic 
effects. Polypharmacy increases in the elderly population, and anticholinergic load 
can increase the risk of cognitive impairment in elderly patients [80]. Though sev-
eral anticholinergic load scales exist [82], no ideal scale is available for use in clini-
cal practice, and existing scales vary with respect to ratings of anticholinergic 
activity and burden [83]. The Beers Criteria best practice guidelines for geriatric 
patients recommended that antimuscarinics should be avoided in the elderly or used 
minimally if necessary, and geriatrics societies have advised cessation of use of 
antimuscarinics in patients with dementia [83]. However, it is important to weigh 
the potential risks of medical therapy with the risks of not treating OAB, including 
anxiety and depression, increased of falls and fractures, and worse physical function 
[84]. Elderly patients treated for OAB report better health-related QoL and less 
activity impairment; therefore shared decision-making is critical [85]. The American 
Urogynecologic Association recommends considering alternate medications (cur-
rently ß3-agonists), avoiding antimuscarinic medications in women over 70 years, 
considering antimuscarinics with lower potential for crossing the blood- brain bar-
rier, and discussion of third-line therapy with onabotulinum toxin A or neuromodu-
lation [86]. The AUA/SUFU Guidelines similarly recommends using caution when 
using either class of medications in the frail elderly patient [87].

 Summary

Overactive bladder becomes more prevalent as people age and significantly impacts 
quality of life, physical functioning, and mental health. OAB has both individual 
burden and societal costs and should be addressed in all patients who report bother 
regardless of their age. However, the side effects of antimuscarinics must be care-
fully considered. The potential for neurocognitive changes should be weighed in 
elderly patients in particular, as even a modest decline in cognitive function can 
result in loss of independence in this population [88].
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In patients who have incomplete symptom improvement with first-line OAB 
interventions, pharmacotherapy can reduce symptoms and have important quality of 
life impact [89]. Medication for overactive bladder treatment in the United States has 
been comprised primarily of antimuscarinics, though ß3-agonists are increasingly 
available to patients with two formulations now FDA approved. Combination ther-
apy may have superior benefit to monotherapy in some patients without compound-
ing side effects. Assessment of side effect risk, including cognitive impairment, and 
shared decision-making is important to optimize the benefit to risk balance [90]. 
Further research into more patient-specific outcomes and development of predictive 
tools is necessary to help providers better counsel their patients and ultimately reduce 
the quality of life burden associated with overactive bladder conditions.
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Chapter 9
Posterior Tibial Nerve Stimulation 
for Female Urge Urinary Incontinence

Giulia Lane

In traditional acupuncture technique, the skin overlying the common peroneal and 
posterior tibial nerves is associated with treatment for pelvic disorders [1, 2]. In 
1983, Dr. Ed McGuire and colleagues demonstrated that electrical stimulation over 
the posterior tibial nerve, which he termed posterior tibial nerve stimulation (PTNS), 
could inhibit detrusor contractions and treat urgency incontinence (UUI) due to 
detrusor instability [1–3]. Subsequently, Dr. Marshall Stoller developed early ani-
mal models and a commercial device [1–3]. Since that time, there has been robust 
evidence evaluating the efficacy of PTNS in women with urinary urgency inconti-
nence. A 2016 systematic review and meta-analysis of non-implantable electrical 
stimulation for overactive bladder, including PTNS, found nearly twofold improve-
ment or cure in OAB symptoms among those undergoing therapy compared to those 
undergoing no therapy [4]. The 2019 AUA Guidelines on OAB consider PTNS to be 
third-line therapy for the treatment of overactive bladder, and the treatment has FDA 
approval for this indication [5]. This chapter will review the mechanism of action, 
techniques, evidence, and adverse effects of PTNS for the treatment of overactive 
bladder and urgency urinary incontinence in women.

 Mechanism of Action

The tibial nerve is the largest distal branch of the sciatic nerve, originating at the L4, 
L5, S1, S2, and S3 nerve roots and carries both motor and sensory fibers [6] 
(Fig. 9.1). The portion of the tibial nerve that runs posterior to the medial malleolus 
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is termed the posterior tibial nerve, as such the posterior tibial nerve is not a branch 
of the tibial nerve [6]. The tibial nerve continues to the foot and branches and termi-
nates as the medial plantar, lateral plantar, and calcaneal nerves [6]. The branches of 
the tibial nerve provide sensation to the plantar aspect of the foot [6]. The motor 
fibers of the terminal tibial nerve branches innervate the muscles controlling the 
phalanges and the plantar muscles of the foot [6] (Fig. 9.2).

The mechanism by which neuromodulation improves symptoms of overactive 
bladder and urgency incontinence is unknown. In the original 1983 publication, 
McGuire described that detrusor reflex responses to filling in animals can be delayed 
by acupuncture applied over the posterior tibial nerve [1]. Several recent hypotheses 
have been suggested, of these are either motor stimulation stimulating Onuf’s 
nucleus, central inhibition via afferent nerves, or activation of sensory nerves [7]. In 
concordance with this, animal studies have found changes ranging from the bladder 
tissue level (protein expression and cell recruitment) to central cortical reorganiza-
tion [8].

Tibial
N.

S3

S2

S1

L5

L4
Fig. 9.1 Origin of the 
tibial nerve. The tibial 
nerve is a branch of the 
sciatic nerve. Both nerves 
derive their origin from the 
L4, L5, S1, S2, and S3 
nerve roots. (Adapted from 
Rigoard [33])
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 Techniques

Posterior tibial nerve stimulation can be delivered via percutaneous or transcutane-
ous approaches. PTNS is most commonly delivered unilaterally; however, there are 
studies examining bilateral PTNS therapy [4, 9].

In the percutaneous approach a 34 gauge solid needle is inserted at a 60° angle 
slightly posterior to the tibia and about 5 cm cephalad to the medial malleolus [10, 
11]. An electrode from the stimulator is attached to the needle. An accompanying 
surface electrode is placed on the ipsilateral calcaneus [10, 11] (Fig. 9.3).

Transcutaneous posterior tibial nerve stimulation (T-PTNS) is delivered using 
surface electrodes rather than needles, applied over the posterior tibial nerve at the 
same area, and connected to transcutaneous electrical nerve stimulators (TENS) 
[12] (Fig. 9.4).

Fig. 9.2 The course of the 
tibial nerve. The tibial 
nerve is the largest distal 
branch of the sciatic nerve. 
It courses in the popliteal 
fossa and terminates as the 
medial plantar, lateral  
plantar, and calcaneal 
nerves. The arrow indicates 
the portion of the tibial 
nerve that runs posterior  
to the medial malleolus. 
(Adapted from Rigoard 
[33]. https://doi- org.proxy.
lib.umich.edu/10.1007/978-  
3- 319- 43089- 8_16)

9 Posterior Tibial Nerve Stimulation for Female Urge Urinary Incontinence

http://dx.doi.org/10.1007/978-3-319-43089-8_16
http://dx.doi.org/10.1007/978-3-319-43089-8_16
http://dx.doi.org/10.1007/978-3-319-43089-8_16


168

In both percutaneous and transcutaneous approaches, stimulation is delivered 
with low voltage stimulators. The range of voltage is 0.5–0 mA for percutaneous 
PTNS and 10–50 mA for transcutaneous PTNS; both are delivered with a square 
waveform for a duration of 200 μs at 20 Hz [4, 8, 10, 11, 13, 14]. The voltage is 
increased to confirm appropriate sensory and motor response. Motor responses con-
sistent with accurate needle flexion include flexion of the great toe or fanning of the 
digits, whereas sensory responses include sensation over the sole of the foot. Once 
an appropriate response is achieved, the stimulation is gradually increased to a level 
of tolerable intensity for the patient [2, 11, 15].

Therapy for PTNS is commonly delivered for 30 min once a week for 12 con-
secutive weeks [8, 10, 11]. However, alternative schedules of therapy frequency and 
duration have been described [4, 16, 17]. Patients who have improvement in symp-
toms may continue therapy with maintenance sessions. Maintenance PTNS therapy 

Fig. 9.3 Percutaneous 
posterior tibial nerve 
placement. A 34 gauge 
solid needle is inserted at a 
60° angle slightly posterior 
to the tibia and about 5 cm 
cephalad to the medial 
malleolus. An electrode 
from the stimulator is 
attached to the needle. An 
accompanying surface 
electrode is placed on the 
ipsilateral calcaneus. 
(Image courtesy of Dr. 
Priyanka Gupta and Dr. 
Kenneth Peters)

Fig. 9.4 Transcutaneous 
posterior tibial nerve 
stimulation. 
Transcutaneous posterior 
tibial nerve stimulation is 
delivered using surface 
electrodes applied over the 
posterior tibial nerve and 
the plantar aspect of the 
foot and connected to 
transcutaneous electrical 
nerve stimulator as 
demonstrated. (Image 
courtesy of Dr. Giulia 
Lane)
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is commonly delivered monthly; however, the frequency and duration of mainte-
nance sessions described in the literature is variable [18, 19]. In the United States, 
two commercial stimulators for percutaneous PTNS exist: Urgent PC (Cogenix, 
Minneapolis, MN) and Nuvo (Medtronic, Minneapolis, MN). Many commercially 
available TENS stimulators are available for transcutaneous PTNS but are not FDA 
approved for this purpose.

 Evidence for Effectiveness

 Percutaneous Posterior Tibial Nerve Stimulation

A 2016 systematic review and meta-analysis of external electrical stimulation for 
treatment of overactive bladder found that there was moderate quality evidence to 
show that percutaneous tibial nerve stimulation was more effective than sham or 
placebo at improving overactive bladder symptoms (RR 3.19, 95% CI 2.22–4.58) 
[4]. The same review found that women who were treated with PTNS had over 
twice the improvement in UUI symptoms compared to sham (RR 2.23, 95% CI 
1.46–3.40) [4]. The randomized controlled trials that provide the bulk of evidence 
for efficacy of percutaneous posterior tibial nerve stimulation are summarized below.

In 2010 Peters and colleagues published results of a multicenter, randomized 
controlled trial of 12 weekly 30 min sessions of percutaneous tibial nerve stimula-
tion or sham therapy, termed the SUmmiT trial [11]. The trial included ambulatory 
adult men and women older with more than 3 months of severe symptoms of UUI 
as measured by four or more points on the OAB-q short form (SF) for urgency and 
an average urinary frequency of ten or more voids per day. Patients had failed con-
servative care and had a 2 week washout period of antimuscarinic therapy prior to 
treatment. The study excluded patients with neurogenic bladder and those with use 
of third-line therapies for OAB, current urinary, or vaginal infections and those with 
pacemakers or implantable defibrillators. The primary outcome was the efficacy of 
PTNS compared to sham therapy as measured by a seven level global response 
assessment (GRA) at week 13 after completing 12 consecutive weekly intervention 
sessions lasting 30 min each. Patients who reported bladder symptoms as moder-
ately or markedly improved on the GRA were considered responders.

A total of 220 adults were randomized (110 to each group), at 13 weeks using 
intention to treat analysis, 55% of patients in the PTNS group reported moderately 
or markedly improved GRA compared to 21% in the sham group (p < 0.001) [11]. 
The study evaluated outcomes on voiding diary, GRA subset symptom components, 
OAB-q SF, and SF-36 questionnaire as secondary outcomes. These were analyzed 
on a per-protocol outcome, with 103 patients analyzed in the PTNS group and 
106 in the sham group. The study found significant improvement in GRA subset 
symptom components of bladder, urinary urgency, frequency, and urge incontinence 
symptoms between the sham and intervention group. There was a mean decrease 
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(improvement) in OAB-q SF severity score of 36.7 (SD 21.5) points in the PTNS 
group compared to 29.2 (SD 20.7) points in the sham group (p = 0.01). Prior research 
has found that the minimally important difference for the OAB-q SF is 11 points, 
indicating that this difference is not only statistically but also clinically significant 
[20]. Statistically significant improvement in the PTNS group compared to sham 
was also found in the mean difference between baseline and 13 weeks in the OAB-q 
health-related quality of life scores. However, the mean difference between baseline 
and 13 weeks on the SF-36 physical and mental domain scales was not different 
between those undergoing PTNS therapy versus sham. Voiding diary results showed 
that PTNS decreased mean voids by −2.4 (SD 2.5) episodes per day, compared to 
1.5 (SD 2.4) decrease per day with sham (p = 0.01) [11].

The Sustained Therapeutic Effects of Percutaneous Tibial Nerve Stimulation 
(STEP) study by Peters and colleagues enrolled 50 participants who were random-
ized to PTNS therapy and met the primary outcome of efficacy in the SUmmiT trial 
[18]. Patients in the STEP study underwent the following tapered protocol of five 
PTNS treatments: every 14 days for 28 days (two treatments), every 21 days for 
42 days (two treatments), and one treatment after 28 days. Based on the OAB symp-
tom changes with the varying intervals between treatments, patients were continued 
on regular PTNS therapy that sustained therapeutic benefits. GRA assessments were 
collected every 3 months for 36 months. The primary outcome was moderate or 
marked improvement on GRA at 36 months.

After the tapering protocol, study participants underwent a median of one ther-
apy per month (IQR 1.0–1.6), based on the interval where they maintained thera-
peutic effect [18]. Voiding diary parameters were all improved at every 6 month 
follow-up time point through 36 months, with a median decrease from 12 to 8.7 
voids per day at 36 months. At 36 months, 29 patients remained in the study, of 
these 28 (97%) met the primary endpoint for response to therapy. Although the 
study had a large amount of attrition, the authors noted that only 2 of 50 patients 
withdrew from the study due to difficulty attending treatment sessions [18].

In 2010 Finazzi-Agrò and colleagues published results of a randomized con-
trolled trial comparing percutaneous PTNS with a placebo treatment. The study 
included adult women with urgency incontinence and urodynamically diagnosed 
detrusor overactivity incontinence that was refractory to conservative therapy and 
anticholinergic medications. They excluded those with pacemakers or defibrillators, 
active or recurrent urinary tract infections, diabetes mellitus, neurogenic bladder, 
bladder capacity <100 mL, and women with other urologic diagnoses. Women in 
the PTNS group received three 30 min treatments per week for a total of 12 ses-
sions, while women in the sham group received the same frequency and duration of 
treatment but had the PTNS needle placed at the head of the gastrocnemius muscle. 
The primary outcome measure was the proportion of women who achieved at least 
a 50% reduction in UUI episodes on a 3 day voiding diary between baseline and 
follow-up (4  weeks). The study randomized 35 women and found that 71% of 
women in the PTNS arm met criteria for response compared to no women in the 
sham group (p = 0.001); median UI episodes over 3 days decreased from 4.1 to 
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1.8 in the PTNS group versus 4.2 to 3.8 in the sham group. The median number of 
voids per day decreased from 13.6 to 9.5 in the PTNS group versus 14.7 to 13.9 in 
the sham group. There was a significant increase in quality of life, measured by the 
urinary incontinence quality of life scale (I-QOL), in the PTNS group.

 Transcutaneous Posterior Tibial Nerve Stimulation

There are at least three randomized controlled trials of transcutaneous posterior 
tibial nerve stimulation for the treatment of UUI. The authors of each conclude that 
there are statistically significant improvements in urinary symptoms among patients 
randomized to T-PTNS.

In 2010 Lucas Schreiner and colleagues randomized 51 women over the age of 
60 with UUI to 12, 30 min, weekly sessions of T-PTNS and bladder training with 
Kegels versus bladder training with Kegels alone [14]. The number of daytime 
voids, nocturia episodes, and number of UUI episodes on 3 day voiding diary were 
improved in both groups; the T-PTNS had a more marked improvement compared 
to the control group in all three (number of voids: mean difference −1.4 vs −0.2, 
p = 0.013; nocturia mean difference: −1.6 vs 0.4, p < 0.001; UUI episodes mean 
difference −6.3 vs −1.3, p < 0.001) [14]. The investigators found that both groups 
had significant improvement on the International Consultation on Incontinence 
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI-SF); however, the 
improvement in the T-PTNS was greater than the control arm (7.2 vs 2.6, p < 0.001) 
[14]. Prior researchers have found that the minimally important difference for this 
questionnaire is a five point decrease at 12 months [21]. The researchers reported 
that those undergoing T-PTNS had statistically greater improvement in the King’s 
Health Questionnaire domains of impact on urinary incontinence, limitations of 
daily activities, physical limitations, emotions, sleep/provision, and measures of 
severity [14].

Booth and colleagues randomized 30 adults over 65 years with bladder or bowel 
dysfunction in residential care homes to transcutaneous PTNS versus sham treat-
ment for 30 min, twice weekly for 6 weeks (12 total sessions) [22]. They measured 
results at 6  weeks and found that the total American Urological Association 
Symptom Index (AUA-SI) score decreased by a median of seven points in the 
T-PTNS group compared to a one point increase in the sham group (p < 0.001). 
Based on the AUA-SI, they found that 13 out of 15 patients in the T-PTNS arm 
reported improved symptoms compared to only four in the sham arm. The investiga-
tors did not find a difference in ICIQ-UI-SF score change from baseline to post 
intervention between the two arms. Patients in the T-PTNS arm had a mean reduc-
tion of 60 mL in post void residual as measured by ultrasound compared to only 
4.8 mL in the sham arm (p = 0.048) [22].

In 2019, Baoretto and colleagues randomized 65 women to either transcutaneous 
tibial nerve stimulation (n = 22), perineal exercises (n = 22), or oxybutynin 10 mg 
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daily (n = 13). There was a significant decrease in the number of voids on a 3-day 
voiding diary (pre vs post: 7.8 vs 7.1, p = 0.015) and in the number of UUI episodes 
(1.7 vs. 0.05, p  =  0.015) in the T-PTNS group. The authors did find significant 
improvement in OABq SF scores in all three groups, but there was no significant 
difference in improvement between arms [23].

Recently Inés Ramírez-García and colleagues randomized 68 men and women to 
either transcutaneous versus percutaneous PTNS, each 30 min weekly sessions for 
12 weeks. They performed a non-inferiority analysis and found that transcutaneous 
PTNS is non-inferior to percutaneous PTNS [12].

These studies provide consistent, level I evidence that percutaneous PTNS sig-
nificantly improves overactive bladder symptoms compared to sham interventions, 
as evidenced by patient-reported outcome measures and quantitative analysis of 
voiding diaries.

 Side Effects/Complications

One of the advantages of PTNS is that it can be performed in outpatient settings 
and poses minimal health risks, and there are few exclusion criteria. However, 
PTNS is contraindicated in patients with pacemakers or implantable defibrillators, 
pregnant patients, or patients planning to become pregnant during the treatment 
duration. Percutaneous PTNS is also contraindicated in patients prone to excessive 
bleeding.

Adverse events of percutaneous PTNS are rare and, if present, are mild and 
temporary. Most adverse events are associated with pain or discomfort at the nee-
dle entry site. In the study of percutaneous PTNS versus sham by Peters et  al. 
(2010), six PTNS subjects (of 110) reported nine mild or moderate treatment-
related adverse events. These consisted of ankle bruising (n = 1, 0.9%), discomfort 
at needle site (n = 2, 1.8%), bleeding at needle site (n = 3, 2.7%), and tingling in 
the leg (n = 1, 0.9%) [11]. The sham-controlled trial by Finazzi Agro found that no 
patients had serious complications, but transient pain at the needle insertion site 
was reported [16]. One study reported a 4 week, self-limited neuropathy corre-
sponding to the distribution of the medial plantar branch of the tibial nerve with no 
associated conduction delay or ultrasonographic evidence of nerve injury [19]. 
Transcutaneous PTNS may have less adverse events; however in head-to-head 
comparisons of the two therapies, there were no serious adverse events reported in 
either group [12].

Access to treatment and treatment adherence may pose a significant barrier to 
PTNS. Patients must be able to travel to weekly appointments given the need for a 
medical provider to place the needle. Researchers have evaluated PTNS in residen-
tial care homes, which may decrease the burden of travel on patients. Newer tech-
nologies have evaluated implantable devices that would also alleviate this burden. 
However, of those who start therapy, treatment overall adherence is high and has not 
shown to be different between percutaneous or transcutaneous approaches [12].
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 Failed PTNS Pathophysiology and Treatment

In the initial randomized trials, only 5–6% of patients withdrew prior to the end of 
12 weeks of percutaneous PTNS therapy [11, 24]. Outside of RCTs, rates of attri-
tion prior to completing initial therapy as high as 22% have been reported [25]. 
Among patients who complete initial PTNS therapy, 48–76% of patients continue 
on to monthly maintenance sessions, with median duration of maintenance found to 
be about 1 year in large retrospective studies [18, 19, 25, 26]. A retrospective study 
of 400 patients undergoing PTNS at a single center in the Netherlands found that the 
median treatment duration among all patients was about 4 months [26]. This is con-
sistent with the fact that about half of patients stop therapy after the initial 3 month 
treatment. However, the median treatment duration was considerably longer, about 
4 years, among those who underwent PTNS with good therapeutic response and 
who did not drop out for other reasons [26]. In modeling, the authors found that the 
risk of quitting PTNS therapy due to logistic reasons (problems traveling to appoint-
ment) or physical reasons (pain at ankle site) was over 40% at 6 years for follow-
 up [26].

There is a paucity of literature on predictors of successful percutaneous PTNS 
outcomes among patients with OAB. Brandon and colleagues performed a prospec-
tive, open-label study to evaluate whether progression to maintenance PTNS is 
related to overall perceived improvement (measured by patient global impression of 
improvement, PGII) rather than symptom-specific improvement as measured by the 
OABq-SF [25]. Of 90 men and women who began PTNS, 70 (78%) completed 
therapy, 38 (54%) continued to monthly maintenance sessions, and less than half of 
these (n = 17, 45%) completed 12 months of monthly maintenance sessions, repre-
senting 19% of the initial patients who began therapy [25]. The authors found no 
differences in demographics, distance traveled to the office, health status, and uri-
nary symptom scores between those who completed therapy and those who did not. 
They did find that patients who completed and elected monthly maintenance treat-
ment had lower BMI (24 vs 28, p < 0.01) and lower PGII scores at week 12 (3.0 vs 
4.0, p < 0.01) but not baseline or 12 week OABq-SF scores, compared to those who 
did not proceed to monthly maintenance [25].

Two studies elucidated reasons for discontinuing monthly percutaneous PTNS 
therapy [25, 26]. In one, nearly half of patients cited dissatisfaction with treatment 
therapy (10/21, 48%), while a large proportion did not list why they discontinued 
PTNS (8/21, 38%) [25]. Similarly, a large retrospective study of patients undergo-
ing percutaneous PTNS found that 9% stopped therapy for no reason, while 40% 
stopped because of logistic reasons or pain at the ankle [26].

Patients who do not have significant benefit from initial percutaneous PTNS 
therapy can be offered first-, second, or alternate third-line therapies [5]. However, 
literature shows that these patients often do not pursue further treatment. For exam-
ple, in a study of 402 Dutch patients who started PTNS, 228 did not pursue mainte-
nance PTNS, and of these the majority elected for no further therapy (57%), 
followed by medication therapy (27%) [26]. Similarly, Brandon et al. found that 
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those who elected against monthly maintenance PTNS, the largest group pursued 
pharmacotherapy (19%, n = 13) followed by 15% who were lost to follow-up or 
elected no treatment [25]. Only 11% (n = 7) of patients elected to undergo other 
third-line therapies such as sacral neuromodulation (4%, n = 3) or onabotulinum 
toxin A (7%, n = 5) [25]. Women with urgency incontinence who stop percutaneous 
PTNS therapy or do not proceed to monthly PTNS may be at high risk of ceasing to 
pursue further intervention for their UUI symptoms and may benefit from closer 
follow-up.

 New Technology in Posterior Tibial Nerve Stimulation

Implantable devices for posterior tibial nerve stimulation are at the cutting edge of 
neuromodulation for urge incontinence in women. These devices are placed overly-
ing the posterior tibial nerve in office-based procedures utilizing local anesthesia 
only. There are three technologies available: fully implanted devices, leadless 
receiver devices, and devices with implanted leads that are powered by external 
stimulators [27, 28].

Implanted leads that are powered by external pulse transmitters, such as the 
Stimrouter® Peripheral Nerve Stimulation system (Bioness, United States), have 
been used for neuromodulation in patients with chronic pain [28]. However, there 
are ongoing trials to evaluate this technology for patients with urinary urge inconti-
nence (NCT02873312) [29]. Leadless devices, such as the BlueWind RENOVA™ 
(BlueWind Medical, Herzliya, Israel), involve implanting a receiver “antenna” 
which is then powered by a cuff placed around the ankle [27, 30]. The fully 
implanted devices (eCoin™, Valencia Technologies, California) require no external 
energy source [27, 31].

In addition to implantable devices, ambulatory transcutaneous tibial nerve stim-
ulation devices are currently being developed (geko™, Firstkind Ltd., United 
Kingdom) [28, 32]. These devices are attached to the skin overlying the posterior 
nerve by patients while at home. The device delivers 27 mA of current at 1 Hz and 
has seven settings corresponding to between 70 and 560 μs of pulse width [32].

 Conclusion

Posterior tibial nerve stimulation is a viable option of the treatment of urge urinary 
incontinence in women. It can be delivered through transcutaneous or percutaneous 
approaches; however, percutaneous approaches have more robust outcome data. 
These approaches pose minimal risk of adverse events. Newer technologies are 
emerging to improve the convenience of therapy to women at home.
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Chapter 10
Sacral and Pudendal Neuromodulation 
(SNM)

Priyanka Gupta

 Introduction

Neuromodulation is the electrical or chemical modulation of a nerve that is used to 
influence the physiologic behavior of the end-organ innervated by that nerve [1]. In 
the area of voiding dysfunction, neuromodulation is a minimally invasive third-line 
therapy that can be used in the management of refractory overactive bladder (OAB) 
symptoms, fecal incontinence, and nonobstructive urinary retention. For the pur-
poses of this chapter, we will focus on refractory OAB symptoms.

 Mechanism of Action of Sacral 
and Pudendal Neuromodulation

The initial investigations into electrical stimulation for bladder dysfunction were 
pioneered by Tanagho and Schmidt in the 1970s [2]. In their widely cited study 
from 1988, they performed a dorsal rhizotomy and selective ventral neurotomy in a 
canine model. They then performed sacral nerve stimulation which led to restora-
tion of normal bladder emptying [3]. Their studies ultimately led to the development 
of an implantable neuroprosthesis for the treatment of urge incontinence. The first 
device was the Pisces Quad foramen electrode which was placed into the S3 fora-
men through a paraspinous incision with splitting of the lumbodorsal fascia and 
paraspinous musculature. The electrode had to be sutured to the posterior sacral 
periosteum and tunneled to the generator which was implanted into the abdominal 

P. Gupta (*) 
University of Michigan, Ann Arbor, MI, USA
e-mail: guptapr@med.umich.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84352-6_10&domain=pdf
https://doi.org/10.1007/978-3-030-84352-6_10#DOI
mailto:guptapr@med.umich.edu


178

wall. This ultimately led to FDA approval of the device for the treatment of urge 
incontinence in 1997 [4]. The operative technique and device have subsequently 
undergone modifications to allow for more minimally invasive placement tech-
niques and newer generators with longer battery lives.

The mechanism by which neuromodulation works is not completely understood. 
There are multiple neural pathways that influence responses of the bladder, gastro-
intestinal tract, and pelvic floor. The lumbar, pelvic, and pudendal nerves are com-
prised of afferent and efferent axons. During the storage phase, the sympathetic 
nervous system is active in allowing for bladder relaxation for storage and contrac-
tion of the urethral sphincter to prevent incontinence. In normal voiding the sensa-
tion of bladder fullness is sent to the sacral spinal cord via afferent axons to the 
pontine micturition center. An efferent signal is then sent through the parasympa-
thetic nervous system through the S2–S4 nerve roots leading to bladder contraction 
and urethral relaxation to allow for voiding to occur. During the voiding phase, the 
pudendal nerve is activated to allow for relaxation of the external sphincter [5].

Sacral neuromodulation (SNM) is thought to be involved in the suppression of 
interneuronal transmission of the bladder reflex pathway. The two widely proposed 
mechanisms of action for SNM are (1) selective activation of afferent fibers that 
leads to inhibition of intraspinal and supraspinal signals for micturition and (2) 
direct activation of efferent fibers to the striated urethral sphincter which leads to 
inhibition of detrusor contraction [5, 6].

Pudendal neuromodulation (PNM) has been studied and employed as another 
method for addressing voiding dysfunction through peripheral nerve stimulation. 
The pudendal nerve is composed of fibers from S1 to S3 and is integral in bladder 
storage and emptying, defecatory function, and pelvic sensation as it provides 
innervation to the external urethral sphincter, anal sphincter, and pelvic floor mus-
cles [7]. Similarly, pudendal nerve simulation is thought to affect both the spinal and 
cortical centers of storage and control. Specifically, in animal studies, it has been 
found that PNM suppresses nociceptive and non-nociceptive bladder signals [8, 9]. 
Due to the composition of the pudendal nerve, it is thought to have a broader sacral 
nerve root stimulation and has been studied as a potential target for patients that 
have failed SNM treatment.

 Operative Techniques for Sacral 
and Pudendal Neuromodulation

 Sacral Neuromodulation

This procedure is performed in two stages. The first stage can be an office-based 
procedure called a percutaneous nerve evaluation (PNE) or in the operating room as 
a first-stage lead placement (FSLP). Both methods allow for a trial period for the 
patient to test the clinical effectiveness of the therapy prior to proceeding with the 
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implantation of the full device and battery. The operative steps for PNE and FSLP 
are detailed below.

Percutaneous nerve evaluation (PNE) [10]

 1. Position the patient prone.
 2. Identify the S3 foramen using anatomic landmarks if fluoroscopy is not available 

by measuring 10 cm from the coccyx along the midline of the spine and then 
2 cm lateral and 3 cm superior to this point.1

 3. Inject a local anesthetic at the needle insertion point.
 4. Insert the needle at a 30–60° angle.
 5. Confirm lead placement by asking the patient to report the location of the sensa-

tion of stimulation. Stimulation should be felt in the vaginal, scrotal, or rectal 
area. They may exhibit flexion of the big toe.

 6. A temporary electrode is passed through the needle and taped to the skin.
 7. Connect the lead to an external temporary pulse generator for 3–7 days while 

completing voiding diaries and symptom scores.

First-stage lead placement (FSLP) [10]

 1. Position the patient prone.
 2. Intravenous sedation is administered.
 3. With the assistance of fluoroscopy, a directional guidewire is used to locate the 

midline which is marked with a vertical line. The intersection of the sacroiliac 
joint and the spinous process is then identified and marked with a transverse 
line. This defines the area of the S3 foramen (Fig. 10.1).

1 This method can be used for the FSLP below if the surgeon prefers rather than using fluoroscopy, 
and the 3 cm rise in measurement is highly dependent on body habitus with thicker tissue requiring 
more distance.

Fig. 10.1 Identification of 
FSLP landmarks. (Picture 
Credit: Kenneth 
Peters MD)
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 4. If the S3 foramen is clearly visible on fluoroscopy in the anterior/posterior 
view, then mark the upper medial aspect of the foramen (Fig. 10.2).

 5. If the S3 foramen is not identified due to overlying bowel contents, then start 
approximately 2 cm lateral and 3 cm (depending on body habitus) superior to 
the point where the two lines cross (see step #3). Mark this on the right and left 
sides (Fig. 10.2).

 6. Pass the needle at a 60° angle into the entrance point to access the foramen and 
advance it to the edge of the inferior sacral bone plate (Fig. 10.3).

Fig. 10.3 Placement of 
the needle. (Picture Credit: 
Kenneth Peters MD)

Fig. 10.2 Identifying the 
medial aspect of the S3 
foramen. (Picture Credit: 
Medtronic)
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 7. Perform electrical stimulation. The ideal response is a bellow contraction of the 
pelvic floor followed by flexion of the great toe that occurs with less than 2 volts 
of stimulation. A S2 stimulation would be suggested by plantar flexion of the 
entire foot with heel rotation, and a S4 stimulation would result in a bellows 
contraction alone.

 8. Fluoroscopy with motor response can help confirm the appropriate foramen. In 
Fig. 10.4, imaging first shows the skin location to be too high, then too low, 
then just right. On the lateral view the target area should be about 1 cm above 
the S3 hillock. The hillock is the anterior protrusion of the bone from the ante-
rior surface of the sacrum at the level of S3 as seen on the lateral x-ray 
(Fig. 10.4).

 9. The directional guide wire is then placed through the cannula, and the tract is 
dilated using an introducer sheath. The introducer should not be advanced 
beyond the inferior bone plate.

 10. The tined lead with the curved stylet positioned inferior and lateral is then 
deployed under fluoroscopic guidance. It has four cylindrical electrodes num-
bered 0–3. Leads 2 and 3 should straddle the bone edge. Each electrode is then 
stimulated individually. The motor responses are assessed with the goal to 
achieve response on all four electrodes under low voltage (ideally less than 
2 volts).

 11. Lead position is confirmed with fluoroscopy in the lateral and anterior–poste-
rior positions (Figs. 10.5 and 10.6).

 12. The potential site of the IPG is identified on the ipsilateral buttock, and a 2 cm 
incision is made and a subcutaneous pocket created. The IPG will be placed 
here if the test stage is successful.

Fig. 10.4 Ideal lateral placement. (Credit: Medtronic (will need to obtain permission))
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 13. The percutaneous extension lead is connected to the tined lead, which is tun-
neled out of the contralateral buttock and connected to the external neuromodu-
lation system (ENS) and programming parameters are set.

 14. The incision is closed, and the external portions of the leads are secured with 
sterile 4 × 4 dressings and a bandage.

 15. Using the ENS, the patient trials various stimulation parameters during the 
14 day test period and maintains voiding diaries and symptom scores to assess 
improvement.

Fig. 10.6 Ideal anterior- 
posterior X-ray. (Credit: 
Medtronic)

Fig. 10.5 Ideal lateral 
X-ray. (Credit: Medtronic)
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Second-stage placement of permanent implantable pulse generator (IPG) [10]

 1. Patients experiencing a greater than 50% improvement in their symptoms and 
who are satisfied with the response are considered responders and should 
undergo a Stage II implant.

 2. The previous pocket site is reopened, and the incision is enlarged. The lead is 
then connected to the permanent IPG.  This can be a non-rechargeable or 
rechargeable IPG.

 3. The device connections are tested and confirmed in the operating room. The 
pocket incision is closed with absorbable sutures.

 4. Specific stimulation programs are tested and then programmed into the device 
postoperatively to achieve optimal device settings.

 Pudendal Neuromodulation

Pudendal neuromodulation is also performed in two stages. This must be done with 
an FSLP due to the technique of placement and the length of the lead required. The 
technique requires the addition of electromyography monitoring and is described 
below, and the optimal point of stimulation of the pudendal nerve is at the level of 
the ischial spine. The stage II placement is similar to SNM, but the lead has to be 
tunneled to the IPG site from the incision site on the lower buttocks to the lower back.

First-stage lead placement [10]

 1. Place the patient in a prone position, making sure to pad all pressure points 
appropriately.

 2. Administer IV sedation, prep and drape the patient using sterile technique, and 
inject local anesthetic at the proposed puncture sites.

 3. Place needle electrodes into the anal sphincter at the 3 o’clock and 9 o’clock 
positions. These will be used for intraoperative electromyography (EMG) 
monitoring.

 4. Access the pudendal nerve percutaneously through the ischiorectal space, pass-
ing a foramen needle just medial to the ischial tuberosity in a medial-to-lateral 
direction toward the ischial spine (Fig. 10.7). As the needle is passed, perform 
stimulation at 5 Hz and 5 volts to identify the nerve. The nerve can be identified 
by seeing a compound muscle action potential (CMAP) on EMG and an anal 
wink on exam.

 5. Advance the needle along the nerve while stimulating to confirm that it is run-
ning parallel to the nerve and not perpendicular. This will allow multiple elec-
trodes on the permanent lead to stimulate the nerve.

 6. Verify the position of the needle under fluoroscopy (Fig. 10.8). Then place a 
directional guide wire and lead introducer, in a similar fashion to the sacral 
neuromodulation procedure.
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Fig. 10.8 Needle position 
on fluoroscopy. (Credit: 
Kenneth Peters MD)

Fig. 10.7 Pudendal needle 
insertion. (Credit: Kenneth 
Peters MD)
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 7. Advance a tined lead into position under fluoroscopy. Due to the longer trajec-
tory from the lead to the neurostimulator site, the longer 41 cm lead is used. 
Stimulate each electrode and record the voltage required to obtain a motor and 
EMG response; ideally at CMAP and anal wink should be seen at less than 2 
volts of stimulation on all four electrodes. When a satisfactory response is 
achieved at each electrode, deploy the tines.

 8. Lead position should be confirmed with fluoroscopy in the anterior-posterior 
(Fig. 10.9) and lateral (Fig. 10.10) position.

Fig. 10.9 Anterior- 
posterior lead position. 
(Credit: Kenneth 
Peters MD)

Fig. 10.10 Lateral lead 
position. (Credit: Kenneth 
Peters MD)
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 9. The potential site of the neurostimulator is identified on the ipsilateral buttock, 
and a 1 cm incision is made and a subcutaneous pocket created. The neuro-
stimulator will be placed here if the test stage is successful.

 10. The lead is tunneled to the neurostimulator site, and the percutaneous extension 
lead is connected and tunneled out of the contralateral buttock for temporary 
external stimulation.

 11. The incision is closed, and the external cords are secured with dressing and a 
bandage.

 Recent Technological Advances

Currently two SNM devices are FDA approved and available in the United States 
and Europe: the Interstim® Medtronic device and Axonics® sacral neuromodulation 
system. Both systems utilize a percutaneous quadripolar tined lead. They bring 
recent upgrades to the technology in that both are MRI compatible and offer a 
rechargeable battery option. The non-rechargeable implantable pulse generator 
(IPG) typically has a 3–5  year life span, and the new rechargeable IPG has 
10–15 year life span and requires regular charging.

The MRI compatibility will expand the ability to use the device for patients that 
may require MRI for other conditions. It is estimated that at least half of patients 
that have neurostimulator or pacemaker devices may require an MRI examination in 
their lifetime [11]. In addition, approximately 23% of SNM explanations were per-
formed due to the need for MRI examination [12]. The use of SNM as a therapeutic 
option for patients with neurologic disease such as multiple sclerosis and incom-
plete spinal cord injury as well as those with low back pain has previously been 
limited due to their need for regular MRI examinations [12]. This advance in tech-
nology will allow these patients to be able to trial the therapy for their urinary symp-
toms. Future studies will be needed to assess the efficacy and utility in these special 
populations.

The second advancement in SNM is the rechargeable IPG. The advantage of a 
rechargeable battery is it allows for a smaller volume IPG which can be more com-
fortable and a longer battery life which may decrease the need for reoperation. The 
currently available systems are the recharge-free Interstim II system (12.5 cm3 vol-
ume), rechargeable Interstim Micro system (2.8  cm3 volume), and rechargeable 
Axonics system (5.5 cm3 volume). The smaller volume IPG may be desirable for 
patients with a lower BMI who are more conscious about the appearance of the 
device and comfort. However, for the majority of patients with average or above 
average BMI, the difference in size is not likely to be appreciable once implanted 
under the skin. In addition, in order to recharge the device, the belt and charger have 
to be positioned close to the IPG, and this may be more challenging for obese 
patients to be able to do this reliably. In elderly patients this may be an issue as well 
due to dexterity and memory issues that may inhibit a patient’s ability to reliably 
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charge the device. Finally, confidence with technology may be an important factor 
to consider as some patients may not be comfortable with performing the charging 
process.

The longevity of the IPG is another consideration as the theoretic advantage may 
be decreased number of operations needed for battery replacement. However, this 
may not be applicable in all situations. In a longitudinal study of 325 patients with 
SNM for fecal incontinence with a mean follow-up of 7.1 years, 21.7% had the 
device removed due to lack of efficacy, device problems, or infections [13]. 
Therefore, the reoperation rate may be driven by other factors related to device 
function rather than battery life alone. At this time, it is also unknown if battery fade 
may occur overtime. Some devices are known to experience battery fade, and it is 
possible that the life span may be shorter than 10–15 years.

In order to decide between recharge-free or rechargeable IPGs, clinicians must 
engage in a shared decision-making process with patients to ensure that these fac-
tors are considered and to help choose the therapy that will allow for the best out-
comes for the patient. In a multicenter study of 352 patients with spinal cord 
stimulators, they found that patients with rechargeable devices ended their therapy 
sooner than those with recharge-free [14]. Studies in the spinal cord stimulator and 
deep brain stimulator space suggest that rechargeable systems carry a higher burden 
of therapy management which may lead to earlier discontinuation by patients [12]. 
This remains to be studied in the SNM space in the years to come.

 Outcomes of SNM

Several studies have been published establishing the efficacy of SNM for refractory 
OAB-wet and OAB-dry patients. The InSite trial was a prospective, multicenter trial 
comparing SNM to standard medical therapy at 6 months. Patient were then fol-
lowed to assess outcomes of SNM at 5 years. There were 340 patients who under-
went test stimulation, and 272 were implanted. In the OAB-wet patients, they had a 
baseline of 3.1 ± 2.7 leaks/day. With SNM they had a mean reduction of 2.2 ± 2.7 
leaks/day. In the OAB-dry patients, they had a baseline of 12.6 ± 4.5 voids/day and 
with SNM had a mean reduction of 5.1 ± 4.1 voids/day which was statistically sig-
nificant. Eighty percent of subjects reported improvement in their urinary symptoms 
at 12 months [15]. In 5 year follow-up of the same cohort of patients, the therapeutic 
success was 67% using modified completers analysis and 82% using completers 
analysis. Patients showed improvement in all quality of life measures [16]. In a 
worldwide, multicenter trial of SNM, OAB-dry patients in the stimulation group 
demonstrated a significant improvement in number of voids from 16.9 ± 9.7 at base-
line to 9.3 ± 5.1 at 6 months (p < 0.0001) after stimulation. In this study, 88% of the 
stimulation group had improvement in degree of urgency of urination. Interestingly 
in this study patients also had the device turned off after 6 months of therapy and 
had worsening of their symptoms back to baseline. All patients in this group had the 

10 Sacral and Pudendal Neuromodulation (SNM)



188

therapy reactivated at the conclusion of the test [17]. Thereby the active stimulation 
from SNM is therapeutic in improving refractory OAB symptoms, but does not cure 
them permanently.

The literature also strongly supports the efficacy of SNM in improving inconti-
nence and pad use in OAB-wet patients. In a randomized trial by Schmidt et al., 
75% of patients were clinically successful, of which out of 34 patients, 16 (47%) 
were completely dry and 10 (29%) had greater than 50% reduction in incontinence 
episodes. Fifty-seven percent of patients no longer required diapers or pads [18]. In 
a retrospective review by Sutherland et al., they observe a decrease in mean daily 
incontinence episodes from 5.0 to 1.0 and mean daily pad use from 2.3 to 0.3 
(p < 0.05) [19]. In a randomized trial by Weil et al., the noted a decrease in major 
leakage episodes of 3.8 per day (p = 0.0039) and a mean decrease in daily pad use 
of 4.4 (p = 0.0011) per day [20].

Although it is not currently an FDA-approved indication for the treatment, SNM 
has also been shown to be effective in patients with interstitial cystitis and pelvic 
pain. In a 2020 meta-analysis of SNM for pelvic pain syndromes, six prospective 
cohort studies and four retrospective case series were examined. They found that a 
mean of 69% of patients proceeded to implantation (range 52–91%). All of the stud-
ies included reported a decrease in pain score with SNM [21]. In a study by Peters 
of 26 patients with refractory IC, 71% had improvement in pelvic pain, 68% in 
urgency, and 72% in frequency symptoms. Ninety-six percent of patients stated they 
would undergo the implant again and would recommend the therapy to a friend 
[22]. In a retrospective study by Marinkovic, they noted similar success with SNM 
for treatment of IC as measured on the VAS scale with scores improving from 6.5 to 
2.4 (p < 0.01), with a mean follow-up of 89 months [23].

 Outcomes of PNM

Pudendal neuromodulation is currently not FDA approved for the treatment of void-
ing disorders and therefore is an off-label therapy for the treatment of OAB, urinary 
retention, and pelvic pain. In a 2005 prospective randomized control trial of SNM 
versus PNM, more patients chose PNM.  During the trial phase both sacral and 
pudendal leads were implanted. Each lead was trialed for 7 days, and patients were 
blinded to which lead was being stimulated. Data regarding symptom improvement 
was collected for each lead. Patients were then able to choose which lead to have the 
IPG connected to. Out of 24 patients, 19 chose PNM, and five chose SNM. PNM 
was superior for overall symptom improvement (p = 0.02), urgency (p = 0.005), 
frequency (p = 0.007), and bowel function (p = 0.049) [24]. In another trial of SNM 
versus PNM for patients with refractory interstitial cystitis, a similar design as 
above was performed with both sacral and pudendal lead placement. In this study of 
22 patients, 77% underwent permanent lead implantation, 59% chose the pudendal 
lead, and 18% chose the sacral lead. Overall reduction in symptoms was 59% in 
PNM and 44% in SNM [25]. In another study of 19 patients with pudendal 
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neuralgia that underwent PNM, 36% of patients had complete or almost complete 
relief, 52% had significant pain relief, and 15% reported small pain relief. All of the 
patients underwent IPG placement [26]. In these small studies of PNM, it appears 
to be effective for the treatment of voiding dysfunction and pelvic pain.

 Failed SNM

Some studies estimate that between 10% and 25% of patients fail SNM [15, 27]. 
PNM is particularly effective in patients that have failed SNM as few therapeutic 
options remain for this challenging population. In a study of patients who were 
refractory to SNM treatment for OAB and IC/PBS, 93% (41 out of 44) responded to 
PNM. At 1 year of follow-up, 83% of patients were still using their device, and 74% 
stated they would have the procedure again [28]. Carmel reported on three patients 
that underwent PNM after failed SNM for chronic pelvi-perineal pain who reported 
significant improvement in their symptoms after 2 years of follow-up [29]. PNM is 
an effective therapy for patients that have been refractory to SNM and should be 
considered for the treatment of voiding dysfunction and pelvic pain.

 Adverse Events/Complications

SNM and PNM can be associated with device-related adverse events (AEs). We will 
focus on events related to the contemporary device which is a percutaneous quad-
ripolar tined lead with a curved stylet. However, some earlier studies may discuss 
other implantation techniques. The InSite trial reported an adverse event rate of 
30.5% [30]. The most common adverse event is pain, either from stimulation from 
the device or site related at the IPG or lead. The majority of adverse events were 
resolved with conservative management. Thirteen percent required surgical inter-
vention; this included pain at the surgical site (4%), lack/loss of efficacy (4%), and 
infection (3%) [31]. In a multicenter study from France, they also noted a 33% AE 
rate with the majority of events resolved with reprogramming. The most frequent 
AEs included implant site pain (5%; 16/301) and implant site infections (4%; 
13/301) [32].

IPG site complications tend to be the most common and can occur due to trauma 
at the site of the IPG or suboptimal placement during surgery. It is important to take 
into account patient factors including body habitus, location of bony landmarks, and 
the typical location of the patient’s pants. If the placement is over a bony landmark 
or too superficial, this can cause pain. Additionally, if patients have changes in their 
weight, this can affect the location of the IPG as well which may lead to need for 
revision.

Lead migration is another potential complication. The incidence of this has 
greatly decreased since the introduction of the tined lead. In a study by Peters et al., 
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they noted that lead migration decreased from 42% with the open placement tech-
nique to 15% with the percutaneous tined lead placement which was statistically 
significant [33]. More commonly this tends to occur if patients experience a fall or 
trauma to the site which can disrupt the lead. Improvement in surgical technique 
with the tined lead has greatly reduced this event from occurring.

Infection of the device is less common given the antibiotic prophylaxis that is 
typically administered at the time of device implantation. In the literature the rate of 
infection is estimated at less than 10% [33, 34]. Most infections present early after 
implantation. In the InSite trial 5/10 infections presented in the first 3 months after 
implantation [34]. As with any device infection, the recommendation is to remove 
the implanted device. After adequate treatment and resolution of the infection, one 
can consider replacement.

PNM has similar device-related complications including pain either at the lead or 
IPG site and risk of infection. PNM is more susceptible to lead migration as the lead 
is placed through soft tissue and not secured through a bony foramen. This makes 
the lead more susceptible to displacement through falls or trauma to the buttocks 
area. Peters et al. reported lead migration in three out of 84 patients and infection in 
one out of 84 patients [28].

 Conclusions

Sacral and pudendal neuromodulation are effective therapies for refractory overac-
tive bladder symptoms. With the introduction of MRI compatibility and recharge-
able devices, the application of this therapy will be expanded in the upcoming years 
and will likely improve therapy for other conditions including neurogenic bladder 
and pelvic pain. This therapy is associated with a low risk of adverse events and 
provides sustained improvement in symptoms overtime.
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 Introduction

Overactive bladder is discussed in detail in Chaps. 3 and 8 in this book, including 
risk factors, diagnosis, and conservative treatments. Briefly, the definition of overac-
tive bladder (OAB) from the International Continence Society (ICS) is “severe 
urgency with or without urge urinary incontinence, usually accompanied with 
increased daytime frequency and nocturia, in the absence of urinary tract infection 
or other obvious pathology” [1]. The US Food and Drug Administration approved 
onabotulinum toxin A (BTXA, Allergan, Irvine, CA) in 2011 for use in neurogenic 
lower urinary tract dysfunction and in January 2013 for the use in OAB. BTXA is a 
third-line treatment for OAB, along with posterior tibial nerve stimulation and 
sacral neuromodulation (SNM) after conservative and pharmacologic agents have 
failed [2]. Because the majority of the literature available is on BTXA, rather than 
other formulations, this manuscript will primarily focus on the BTXA formulation 
unless otherwise specified. Additionally, while the subject of interest for this review 
is women idiopathic OAB, some evidence is only available in other patient popula-
tions and will be identified as such.

 Botulinum Toxin Mechanism of Action

The botulinum neurotoxin is produced by the bacterium Clostridium botulinum. 
The lyophilized neurotoxin is reconstituted in preservative-free normal saline and 
injected into the detrusor muscle cystoscopically as detailed below. The primary 
target for the botulinum toxin is to block the presynaptic release of acetylcholine 
from the parasympathetic efferent nerves. However, increasing evidence suggests 
that afferent nerve input is also effected by BTXA [3].

When injected into the tissue, the neurotoxin is endocytosed into the presynaptic 
terminal via synaptic vesicle protein SV2. The toxin is then cleaved into a heavy and 
light chain, and the light chain binds to the SNAP25 protein complex to inhibit the 
release of acetylcholine (Ach) from presynaptic terminal, therefore preventing 
acetylcholine- mediated muscle contraction. Additionally, the BTXA neurotoxin 
also blocks release of other neuropeptides from vesicles such as ATP, NO, calcitonin- 
related peptide, and substance P [4]. ACh, NO, CRP, and substance P contribute to 
sensations of fullness, bladder inflammation, and detrusor muscle contractions. 
ACh acts on muscarinic receptors to enable detrusor contraction. Parasympathetics 
also release ATP and activate the P2X receptors in detrusor to induce contraction.

 Neurotoxins Available Worldwide

Currently, onabotulinum toxin A (BTXA, Allergan, Irvine, CA) is the only FDA- 
approved toxin to treat overactive bladder in the United States. Other toxins with the 
identical mechanism of action have been used off-label with comparable effects, but 
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there are no randomized controlled trials to prove equivalent therapeutic benefit. 
Additionally, OAB literature has a limited description of these formulations [5]. 
Below is a summary of these different compounds.

 Dysport, Abobotulinum Toxin A (Ipsen Biopharm Ltd., 
Slough, UK)

Dysport is the other most widely available toxin available in the United States and 
is commonly used in pediatric NLUTD. The difference between Dysport and Botox 
is primarily the purification process. Dysport is purified via a column separation 
method, whereas Botox undergoes repeat precipitation and redissolution [5]. For 
NLUTD, generally speaking, there are no clinical differences identified between the 
two formulations, specifically Botox 300U versus Dysport 750U [6]. One single- 
center observational study examined the change in outcomes of Botox versus 
Dysport. Similar rates of reduction in daytime frequency, nocturia, incontinence, 
and similar duration of effect were reported. But the Dysport cohort had double the 
rate of symptomatic urinary retention requiring intermittent self-catheterization [7]. 
A separate 9-year prospective study using Dysport demonstrated similar outcomes 
to the standard onabotulinum toxin A.  Overactive bladder symptom severity 
improved at similar rates, and self-catheterization rates for elevated PVR were simi-
lar in both groups (~18%). OABSS and QoL scores improved by 35% and 41%, 
respectively (both p < 0.001). Urgency incontinence abolished in 26%, and severity 
of incontinence decreased in 44% participants. Mean interval period between treat-
ments was 21.3 months [8]. One single-center cohort followed 33 women with idio-
pathic detrusor overactivity who received repeat intradetrusor injections with 500U 
Dysport [9]. They used a trigone sparing method and noted a reinjection interval 
longer than what we typically expect for BTXA.

One study examined patients with neurogenic lower urinary tract dysfunction 
(NLUTD) who switched to Dysport after failing intradetrusor BTXA injections 
[10]. There was a significant decrease in urinary incontinence episodes, and all 
patients experienced a reduction in maximum detrusor pressure with 56.14% of 
patients deemed a treatment success. Although there is no data on this strategy in 
OAB, it remains to be seen if a neurotoxin switch is a possible solution to toxin 
resistance that can develop over time after other strategies such as dose escalation 
have failed [11].

 Xeomin, Incobotulinum Toxin A (Merz Pharmaceutics, 
Frankfurt Germany)

Another less commonly used toxin includes Xeomin, or incobotulinum toxin A. A 
small cohort of elderly males with neurogenic detrusor overactivity was given 
Xeomin and exhibited significant improvement in daily pad use, daily incontinent 
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episodes, daily urinary frequency, and hours in between self-catheterization [12]. 
More recently, some providers in the United States have started to use this product 
because it is more cost-effective (~$150 savings per 100U), but the efficacy has not 
been demonstrated in large randomized clinical trials for idiopathic OAB.

Other toxins have not been utilized in OAB or are not clinically available includ-
ing Lantox Chinese type A botulinum toxin (Lanzhou Biological Products Institute, 
China), Myobloc (NeuroBlock, RimabotulinumtoxinB, Solstice Neurosciences 
Inc.), and Neuronox, (BONTA, Medy-Tox Inc.).

 Botox Injection Techniques

Lyophilized BTXA should be reconstituted with injectable, preservative-free nor-
mal saline. No bubbling or agitation of the liquid should be performed to prevent 
denaturation of the protein. Lyophilized BTXA can sit at room temperature for 
5 days but should be used within 5 h of reconstitution. Providers should pay careful 
attention to the dilution, preparation, and storage to prevent primary and secondary 
treatment failures.

Generally speaking, 10–30 min before injection, a 2% lidocaine is instilled in 
bladder with sterile technique and permitted to dwell to provide local anesthesia. A 
recent randomized controlled study investigated pain reduction with the addition of 
10  mL 8.4% sodium bicarbonate to the standard 20  mL of 2% lidocaine before 
injection and found that this alkalinization protocol significantly reduced pain rating 
immediately following the procedure. Pain was rated (from 0 to 10) as 2.37 ± 0.31 
compared to 4.44 ± 0.36 (p < 0.01) when the solution was not alkalinized. No dif-
ferences were observed 1 h after treatment [13]. This is a very cost-effective and 
simple method to reduce pain without affecting complications or efficacy that 
deserves further attention.

Per the manufacturer and clinical trials for OAB patients, the reconstituted 
BTXA (100U) should be reconstituted with 10 mL sterile saline. The needle should 
be inserted approximately 2 mm into the detrusor, injecting in 20 sites of 0.5 mL, 
spaced approximately 1 cm apart and sparing the trigone.

Most providers are familiar with this 20 site template injection pattern that was 
utilized in the clinical trials, but there have been some basic modifications. Many 
providers have adjusted the dilution to decrease the number of injection sites mak-
ing the procedure more easily tolerated in the office and particularly in those patients 
with a friable urothelium where the bleeding risk is diminished with fewer injec-
tion sites.

There is limited evidence that supports that the actual injection pattern can be 
variable. A single-blind randomized controlled study evaluated the efficacy and 
safety of different numbers of intravesical BTXA injections for OAB patients [14]. 
Sixty-seven patients were randomized into three different groups all with 100U 
BTXA diluted in 10 mL with 10 injections in the bladder body (n = 24), 20 injec-
tions in the bladder body (n = 22), and 40 injections in the bladder body (n = 21). 
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The rates of successful treatment defined as Global Response Assessment (GRA ≥ 1) 
were approximately 80% and were comparable between the groups at 1, 3, and 
6 months after treatment with no significant difference in adverse events.

Another recent pilot study showed similar clinical efficacy in a group of OAB 
patients injected with three injection locations horizontally across the posterior 
bladder wall (2cc each injection site) [15]. This technique did not demonstrate a 
decline in BTXA efficacy from prior injection episodes and no increase in 
adverse events.

Injections in a template avoiding the trigone were standardized in the clinical 
trials, but many providers inject into the trigone for certain patients given the den-
sity of nervous tissue in this area. Most recently, data was presented at the 
International Continence Society Annual Meeting (2019) on an Allergan-funded 
protocol called LO-BOT demonstrating an alternate injection paradigm 
(Clinicaltrials.gov, NCT03052764). In this study protocol, 100U in 10  mL was 
administered with eight peri-trigonal and two intra-trigonal injections. When com-
pared to prior pooled phase 3 and 4 studies, there was a lower incidence of retention 
requiring intermittent catheterization (6.2% vs 2.6%). They postulated that the 
decreased retention could be a result of the injections being more targeted to affer-
ent trigonal nerves rather than the detrusor muscle.

Another variable for injection is depth of injection. Many parameters for adjust-
ing injection depth are determined by the needle that is being used. Smaller gauge 
flexible needles will penetrate less deeply into the detrusor as compared to rigid 
needles. While the injection depth provided by the clinical trials was a standard 
2 mm into the detrusor, the urothelium and detrusor are dynamic as the bladder fills. 
Some severely trabeculated bladders are predominantly type III collagen, and iden-
tifying where the neuromuscular junctions might be is a challenge. To leverage the 
possible efferent versus afferent effects of BTXA, some providers intentionally 
injection a superficial injection to cause more of a urothelial bleb. The thought is 
that afferent signals might be blocked in sensory urgency patients that have OAB 
rather than severe detrusor contractions leading to symptoms. This technique can 
also be used to hopefully reduce the risk of retention, but future study is required.

 Other Delivery Techniques Under Investigation

While intradetrusor injection is effective and the equipment is generally widely 
available, there is motivation to develop other less invasive methods for delivering 
the neurotoxin to the bladder to reduce pain, infection, and bleeding. Direct intra-
vesical application of BTX is not effective because of the high molecular weight of 
the BTXA (150 kDa) making it difficult to pass through the urothelial barrier and 
reach the sub-mucosal nerves. When applied into the bladder via catheter, other 
methods for penetrating the urothelium and attempting to get the toxin to the neuro-
muscular junction must be employed [16].
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Liposomal formulations allow for passive diffusion of BTXA across the urothe-
lial barrier, which cannot be penetrated by the large BTXA molecule alone. In 
patients with OAB, a double-blind RCT was done to evaluate the effectiveness of 
liposomal BTXA instillation versus normal saline [17]. Experimental group received 
intravesical instillation of Lipotoxin containing 80  mg liposomes and 200U 
BTXA. Total urinary frequency was monitored after 1 month. There was a signifi-
cant decrease in urinary frequency in experimental group (p = 0.0008) and a signifi-
cant decrease in urgency episodes (p = 0.012). There was no significant change in 
urinary incontinence (p = 0.797). Compared to intradetrusor injections, this treat-
ment was not as beneficial for OAB.

Several other techniques have been trialed including intravesical thermosensitive 
polymer hydrogel as a vehicle for prolonged drug exposure [18], hyaluronic acid 
linked to phosphatidylethanolamine (HA-PE) as a carrier for large proteins, such as 
BTXA through the urothelium [19], disruption of urothelial barrier with 1% prot-
amine sulfate or dimethyl sulfoxide (DMSO) [20], or even electromotive drug 
administration (EDMA) [21] or low energy shock waves [22] with varying success.

As an alternative to intravesical administration, other groups are exploring the 
feasibility of transvaginal injection [23]. In this feasibility study, eight female 
cadaver pelvises received transvaginal ultrasound-guided injection of India ink into 
trigone and posterior wall. Upon histologic analysis, the India ink was present 
within the detrusor layer suggesting feasibility and accuracy for BTXA injections. 
While this approach has not been replicated in a clinical practice, there might be 
appeal of this delivery method for some women, although the injection field is lim-
ited to the trigone and posterior bladder wall.

 Efficacy

Early reports on the efficacy of BTXA in 0AB in small placebo-controlled random-
ized trials demonstrated both clinical and urodynamic effects of the toxin in various 
doses [24, 25]. Symptom relief is experienced as significant changes in urgency, 
frequency, and urgency incontinence that can occur as early as 3 or 4 days after 
injection and nocturia typically improving after the first week [25, 26].

Earlier studies used the higher dose of 200 units which is the dose typically used 
in NGLUTD and had high rates of incomplete bladder emptying [27] but did have 
excellent efficacy with 75% improvement in incontinence in 72% of patients and a 
median duration of response of 373 days.

Contemporary large randomized controlled trials have been undertaken with 
phase II dose ranging studies. Dmochowski et al. [28] enrolled 313 patients (288 
women) with overactive bladder and a minimum of eight urgency incontinence epi-
sodes per week and were given placebo, 50 units, 100U, 150U, 200U, or 300U of 
BTXA.  Results at 12 weeks showed that all doses of 100U or greater showed 
improvement over placebo for the primary outcome of reduction of weekly urgency 
incontinence episodes. These effects in the extension study proved to be sustained 
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over 4  years [29]. Further analysis of the dose–response curve of various doses 
concluded that doses >150U did not provide demonstrable additional improvement 
in this outcome. The authors noted that both increases in post-void residual urine 
volume and use of intermittent catheterization were dose dependent and, therefore, 
suggested 100U as the dose in OAB that best balances benefits with safety. The 
urodynamic results of this same study demonstrated that all BTXA doses signifi-
cantly increased bladder capacity; however, doses greater than 150 resulted in post- 
void residuals >200 mL [30].

Chapple et al. reported the results of a large, Phase III, multicenter, randomized, 
placebo-controlled, double-blind trial of injection of 100U of BTXA versus placebo 
for OAB in 2013 [31]. A total of 277 patients received 100U BTXA and reported a 
reduction in urgency incontinence episodes of 2.95 per day, compared with a reduc-
tion of 1.03 episodes in the 271 patients who received placebo (p = 0.001). The 
results for a positive response on the treatment benefit scale of “greatly improved” 
or “improved” were also highly significant, in that 62.8% of patients receiving 
BTXA reported a positive response in comparison to 26.8% of patients receiving 
placebo (p = 0.001). A similar Phase III multicenter study by Nitti et al. compared 
injection of 100U of BTXA to placebo in 557 patients with OAB [32]. BTXA injec-
tion resulted in a reduction of 2.65 episodes of incontinence per day compared with 
0.87 for placebo (p < 0.001) at week 12. Treatment benefit scale responses were 
60.8% positive for BTXA versus 29.2% positive for placebo (p < 0.001).

BTXA has been compared head to head with other standard treatments for OAB 
in women. The ABC double-blind randomized trial compared reduction in urgency 
incontinence among a group of women (n = 241) who either received oral solifena-
cin (5 mg and if needed 10 mg dose escalation) and a saline bladder injection or 
100U bladder BTXA injection and daily oral placebo. These women had an average 
5.0 UUI episodes per day, and in both groups the episodes were reduced by 3.4 and 
3.3, respectively, (p = 0.81) with more dry mouth in the anticholinergic group but 
more retention and UTIs [33].

Another large randomized trial compared BTXA 200U to SNM in women at 
nine medical centers including 364 women with UUI [34]. Early results at 6 months 
demonstrated a slightly greater decrease in daily UUI episodes with BTXA com-
pared to SNM (−3.9 vs −3.3; p = 0.01). Follow-up over 2 years showed a similar 
reduction in UUI in both groups with (−3.88 vs −3.50 episodes/d, 95% confidence 
interval [CI] = −0.14–0.89; p = 0.15), with no differences in UUI resolution, but the 
BTXA group had higher patient satisfaction despite a higher UTI rate with recurrent 
urinary tract infections (UTIs) occurring in 24% BTXA compared to 10% after 
SNM (p < 0.01), and 6% required intermittent catheterization post second injection. 
SNM revision and removals occurred in 3% and 9% patients, respectively [35].

BTXA has also been shown to be effective in those people who fail SNM. The 
assumption would be that these are more complex cases of UUI since they have 
already failed third-line therapy. Of the 76 patients over half stopped receiving 
injections over the follow-up period, but 43% of patients did report efficacy after 
their first injection making this a viable option in this situation [36].
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 Injection Complications and Other Considerations

Direct complications that are attributed to BTXA injection can be categorized as 
immediate and delayed. Immediate risks include pain with injection, anxiety, and 
bleeding. These immediate risk factors can be modified by the setting of the injec-
tion, either in the clinic or the operating room or other setting where more sedation 
can be administered. In the operating room, there is also more access to electrocau-
tery for bleeding if necessary. However, many instances of bleeding can be managed 
with direct manual pressure of the tip of the scope against the area of bleeding.

The continuation of anticoagulation during the time of BTXA injection is contra-
indicated per the BTXA packaging instructions. However, using a smaller gauge 
needle and modification of some injection parameters (number of sites, volume of 
injection) generally reduces the risk of bleeding to a minimal. Additionally, keeping 
a patient on anticoagulation is often weighed with the risk of stopping such therapy 
and does help with the logistics of planning. Many providers continue anticoagula-
tion and will perform the injection with a discussion of slightly increased risk of 
bleeding with the patient [37].

The delayed complications include most commonly symptomatic UTI, persistent 
pain, worsening urinary incontinence, constipation, and urinary retention. 
Management of asymptomatic bacteriuria (ASB) prior to injection of BTXA in the 
idiopathic OAB patient is rather controversial. According to the BTXA clinical trial 
design, most providers likely verify that the patient does not have a UTI by assess-
ing symptoms and performing urinalysis at the time of injection. However, many 
providers across the country will inject regardless of urinalysis and give a single 
dose of antibiotic or empiric course along with sending a culture. This strategy has 
been shown to be safe in a study that compared the rate of post procedure UTI in a 
group of patients undergoing injection who either had a negative urinalysis (no 
blood, leucocyte esterase or nitrites) or a positive urine dip pre procedure. Of note 
none of these patients had symptoms of a UTI. There were no differences in the rate 
of UTI post procedure between groups [38]. Even in the presence of asymptomatic 
bacteriuria, the rate of hospitalization and sepsis was not different nor was the effi-
cacy in a retrospective study of 457 injection sessions. There was an increased risk 
of UTI post procedure in those with ASB [39].

 Immunogenicity: Timing of Other BTXA Injections

Currently, there are four major classes of FDA-approved indications for BTXA 
injection in the United States. In addition to urological disorders, patients can 
receive BTXA for movement disorders (e.g., spasticity and cervical dystonia) and 
dermatologic conditions (e.g., axillary hyperhidrosis) in addition to cosmetic appli-
cations. Additionally, there are many off-label indications for which providers will 
inject BTXA including pelvic floor tension myalgia. While the utility of BTXA 

S. Janes et al.



201

should be appreciated, many patients receive these asynchronous injections from 
different providers and often do not inform other providers of these injections.

The concern about “asynchronous” injections is the increased risk of immunoge-
nicity. Immunogenicity occurs because the body neutralizes or blocks the BTXA 
when administered, resulting in secondary treatment failures. BTXA is regarded as 
foreign by the host, and a potential immune response can be mounted against the 
antigen. The risk of this immunogenicity is increased with repeated administration 
in a “booster” timeline, typically 2–3  weeks apart. Whether the actual 150 kD 
BTXA protein or the complexing proteins stimulate the immune response is cur-
rently unknown [40]. Another theory is that failure of BTXA secondary to antibody 
generation is because the urinary bladder (with its urothelium) is an immunoreac-
tive organ that is designed to be sensitized to other antigens, such as urinary tract 
infections [41].

To mitigate the risk of immunogenicity, the urologist should ask whether a 
patient has received other BTXA recently. This is especially important considering 
the chronicity of the conditions that BTXA treat and the nonpermanent neuromus-
cular junction blockade requiring repeated injections. The authors’ clinical practice 
is to keep asynchronous injections within 1  week of each other or delay until 
3 months apart. Because of this clinical paradigm, most insurance plans will not pay 
for repeated injections more often than 3 months. If there is a concern that treatment 
failure is due to neutralizing antibodies, one can do a functional assessment test 
injection into the temporal muscle to look for muscle response (unilateral brow 
injection) or assay for neutralizing antibodies against botulinum toxin [40]. 
However, the management of treatment failure is the same regardless of the pres-
ence of neutralizing antibodies, despite costly extra testing—transition to alterna-
tive therapies.

 Distant Spread

A feared complication of BTXA injection is the distant spread of the toxin to non-
target sites. In 2009, the FDA released a black box warning discussing the symp-
toms, and signs of botulism then appeared following detrusor injections for cervical 
dystonia in cerebral palsy patients [42]. No lethal side effects have been noted, but 
multiple adverse effects of detrusor injections have been recorded. The most com-
mon reported side effect is muscular weakness following intradetrusor injections. In 
these case reports, two patients with spinal cord injuries developed muscle weak-
ness that made transfers difficult [43], and in another report, there was transient 
generalized weakness in four patients with NDO [44]. Another patient with multiple 
sclerosis reported bilateral leg weakness after BTXA injection which was later 
determined to be an MS exacerbation [45]. Notably, all case reports are in patients 
with neurologic dysfunction, not idiopathic OAB. Distant spread of BTXA injec-
tions is a rare but serious complication of BTXA injections that requires more 
investigation.
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 Contraindications

BTXA is contraindicated in anyone who has had a prior allergic reaction to Botox 
or Botox cosmetics and has an active UTI or an infection at the proposed injection 
site. It is currently unknown how BTXA interacts with pregnant and breastfeeding 
individuals; however, animal studies have revealed reduced fetal body weight, 
decreased fetal skeletal ossification, abortions, early deliveries, and maternal death 
with intramuscular BTXA injections in pregnant animals (per Allergan BTXA 
product label). Due to the anticholinergic effects, BTXA is also not advised in 
patients with amyotrophic lateral sclerosis, myasthenia gravis, or Lambert Eaton 
syndrome; however, these conditions are not labeled as contraindication at 
the moment.

 Conclusion

Botulinum toxin is a highly effective third-line management method for OAB, but 
there are many considerations to help improve outcomes. Providers should be aware 
of other uses of BTXA and patient use patterns. Patients should not be injected any 
more than every 3 months, and asynchronous injections should be clustered to help 
avoid immunogenicity. The methods to administer BTXA are likely to advance in 
the near future for patient safety and comfort.
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Augmentation cystoplasty with bowel interposition is indicated for the treatment of 
low-volume, poorly compliant bladders or refractory detrusor overactivity attrib-
uted to an underlying neurologic lesion. This surgical approach can and should also 
be considered for a variety of non-neurologic conditions leading to bladder dys-
function refractory to medical therapies and conservative surgical interventions. 
Overactive bladder (OAB), interstitial cystitis (IC) or bladder pain syndrome (BPS), 
partial cystectomy for benign bladder lesions or fistula repair, and special circum-
stances resulting in decreased bladder compliance (tuberculosis, end-stage renal 
disease, ketamine cystitis) are discussed.

 Overactive Bladder

The American Urological Association (AUA) and Society of Urodynamics, Female 
Pelvic Medicine & Urogenital Reconstruction (SUFU) guidelines recommend sur-
gical bladder augmentation only for severe, refractory, complicated patients with 
OAB [1]. Small case series report resolution of OAB symptoms in 66–94% of 
patients postoperatively with higher patient reported satisfaction than serial botuli-
num toxin injection, with the caveat that patients progressing to bladder augmenta-
tion tend to have more severe symptoms preoperatively [2–5]. Patients demonstrate 
variable ability to void postoperatively, and up to 75% require clean intermittent 
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self-catheterization (CIC), and patients should be selected and counseled of this risk 
as part of routine preoperative assessment [6]. Grafting using porcine dermis has 
been described in a small number of patients, with 1 year follow-up demonstrating 
a 25% dry rate, overall 83% improvement rate, and no significant complications [7]; 
however, long-term outcomes are lacking. Augmentation cystoplasty is an invasive 
abdominal procedure, requiring bowel excision and re-anastomosis, and is rarely 
applied as fourth-line treatment for refractory OAB due to surgical risks as well as 
long-term need for CIC and risk of malignancy. In a select patient population, blad-
der augmentation can provide symptom relief, and patient satisfaction compares 
favorably with intra-detrusor botulinum toxin injection.

 Interstitial Cystitis/Bladder Pain Syndrome

Interstitial cystitis (IC) or bladder pain syndrome (BPS) is a diagnosis of exclusion. 
Major surgery, including subtotal cystectomy with substitution cystoplasty, is con-
sidered sixth-line treatment for patients failing medical and endoscopic manage-
ment [8]. Trigone-sparing surgery theoretically decreases the risk of urinary 
retention; postoperatively the majority of these patients are able to void and rarely 
require initiation of CIC. However, following this approach, 33% of women report 
persistent irritative symptoms secondary to histologically proven trigone involve-
ment, and for this reason preoperative bladder biopsy with mapping has been rec-
ommended but not widely adopted [9]. Patient factors predictive of persistent 
symptoms include those reporting urethra as a primary site of pain, absence of 
Hunner’s lesions, and patients with larger bladder capacity on cystoscopic evalua-
tion [8]. Augmentation without bladder excision can increase bladder capacity with 
some reported improvement in storage symptoms including urinary frequency and 
nocturia, but little to no impact on bladder pain [10]. Outcomes for augmentation 
cystoplasty for IC/BPS include 12% Clavian Grade III complications and 29% per-
sistent pain [11]. There may be a role for augmentation in patients with cystoscopi-
cally or urodynamically demonstrated decreased bladder capacity, but the evidence 
is limited. Augmentation cystoplasty alone is not indicated to address bladder pain, 
and subtotal cystectomy with substitution cystoplasty demonstrates variable success 
in addressing bladder pain.

 Following Partial Cystectomy

Partial cystectomy for symptomatic benign bladder lesions may result in decreased 
compliance and impaired bladder function. Bladder excision has been combined 
with augmentation cystoplasty to preserve bladder compliance and limit impact on 
quality of life. Other indications for augmentation in the setting of partial cystec-
tomy for fistula excision and trauma have been described [12, 13]. Injury to the 
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bladder either with concomitant loss of bladder tissue or prior compromise in blad-
der tissue and/or compliance may require augmentation cystoplasty. Case reports 
have described this technique in the setting of prior irradiation, with preserved abil-
ity to void up to 7 months postoperatively [14]. Although considered a contraindica-
tion to bladder augmentation, refractory radiation cystitis can be an indication for 
cystectomy or subtotal cystectomy with substitution cystoplasty. The surgeon 
should consider the quality of tissue and negative impact on wound healing when 
planning to operate in an irradiated field.

 Decreased Bladder Capacity

End-stage renal disease (ESRD) resulting from poor bladder compliance can result 
from tuberculosis, radiation complications, congenital malformations including 
vesicoureteral reflux and posterior urethral values, and interstitial cystitis, along 
with a host of neurogenic causes. When conducted as part of routine transplant 
evaluation, voiding cystourethrography is abnormal in up to 2.5% of patient, with 
<1% requiring intervention, rarely augmentation cystoplasty [15]. Of patients 
referred for pretransplant urodynamic evaluation for cause, upward of 70% demon-
strate urologic lesions contributing to renal dysfunction and requiring intervention 
prior to transplantation including obstruction, reflux, or bladder dysfunction [16]. 
Although rare, bladder augmentation has been described either before, simultane-
ous to, or following renal transplantation. The transplant ureter can be anastomosed 
with the augmented bladder or native ureter [17]. Graft survival is excellent with 
96–100% 1 year, 92% 2 year, and 77–100% at 5 years [18–20]. There is an increased 
risk of serious urinary tract infection (UTI) without increased risk of urosepsis and 
a trend toward diminished graft function [21] although some centers report stable 
renal function up to 4 years postoperatively [22, 23] and few no increase in inci-
dence of graft failure when compared to transplant patients without bladder aug-
mentations [24].

The genitourinary tract is the most common site of extrapulmonary tuberculosis 
manifestation, resulting in dysfunctional bladder storage. Complications arise from 
inflammation leading to abscess formation, strictures of the ureters and urethra, and 
bladder contracture often requiring surgical management and eventual renal insuf-
ficiency in severe cases. Augmentation cystoplasty increases capacity and compli-
ance and can preserve bladder sensation [25]. Improvement in diurnal frequency to 
greater than 2 hours has been demonstrated with a postsurgical capacity of at least 
250 ml; however, involuntary bladder contractions may persist, requiring additional 
medical therapies [26].

Chronic ketamine use is a rare cause bladder fibrosis, resulting in a small, con-
tracted bladder. Small case series report a significant increase in bladder capacity 
with decrease in pain, urgency, frequency, and decrease in pain medication use after 
bladder augmentation for this indication [27].
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 Surgical Approach

Patients undergoing surgery for conditions failing medical and less invasive inter-
ventional management should be managed by a center specializing in these indica-
tions. Appropriate patient selection and preoperative and postoperative counseling 
are paramount to patient expectation setting and goals to improve postoperative 
quality of life. Preoperative evaluation should include urethral evaluation for com-
petency and urinary continence, accomplished with a combination of cystoscopic 
evaluation, uroflowmetry or urodynamics, and assessment of ability to self- 
catheterize. Renal function can be negatively impacted by the underlying disease 
process and bladder dysfunction, so preoperative renal function evaluation and post-
operative monitoring are recommended. Robotic augmentation cystoplasty has 
been described as a viable option by many centers, though clinical benefit over the 
open approach is not certain (Table 12.1). Surgeon skill and experience should dic-
tate approach.

Ileum is the most frequently employed bowel segment for bladder augmentation; 
however, ileocecal, sigmoid, and stomach have been used. When using ileum, a 
20–25 cm segment is harvested 15–20 cm proximal to the ileocecal valve in order 
to preserve micronutrient reapportion. Location and length of the segment are dic-
tated by the corresponding vascular arcade.

Colon segment may be indicated with a history of pelvic radiation or when con-
comitant colon surgery such as colostomy is being performed where a bowel anas-
tomosis could be avoided. Under these circumstances, timing of surgery as well as 
other factors which may impair wound healing should be carefully considered and 
discussed with the patient. Preoperative colonoscopy should be considered to assess 
candidacy for interposition in case the small bowel is deemed inappropriate for 
interposition at the time of surgery.

Stomach is a less frequently used source of tissue for bladder augmentation. A 
10–20 cm wedge of stomach antrum or body excised along the greater curvature can 
be used for bladder augmentation. The flap is supplied either from the right or left 
gastroepiploic arteries and subsequently tunneled through transverse colon and 
small bowel mesentery. Gastric augments secrete less mucus and are less prone to 
metabolic acidosis as well as infections compared to bowel augmentation where 
chronic bacteriuria is common; however, hematuria-dysuria syndrome has caused 
gastric augments to fall out of favor.

When performing augmentation cystoplasty, the selected bowel segment is 
opened along the antimesenteric boarder and configured in a U, S, or W shape and 
anastomosed to a sagittal incision made in the native bladder dome [28]. Ureteral 
evaluation is indicated in patients with suspicion for multiple levels of disease. Ileal 
replacement of the ureter, substitution urethroplasty with buccal mucosal grafting, 
and ileal augmentation cystoplasty can be used individually or in combination to 
address multiple site of pathology [29].
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 Augmentation Cystoplasty Techniques

 AC with/without Catheterizable Channel-Open Technique

 1. The patient is placed in the supine position (frog-legged for females to allow for 
ease of access to the urethra during the procedure) with/without kidney rest and 
flexion. A Foley catheter is placed on the sterile field. A midline infraumbilical 
incision is made and can be extended above the umbilicus as needed for ade-
quate exposure. Once the abdomen is entered, bowel assessed, and the procedure 
is deemed feasible. Develop the retropubic space of Retzius and mobilize the 
bladder. The bladder is clam-shelled open with electrocautery extending approx-
imately 2  cm from the bladder neck anteriorly and 2  cm from the trigone 
 posteriorly (Fig. 12.1a). This prevents the hourglass configuration that can occur 
as a result of contraction along the bowel/bladder suture line.

Table 12.1 Application of robotic approach to augmentation cystoplasty

Reference Journal Outcomes Complications N

Robotic augmentation 
enterocystoplasty
K. E. Al-Othman, H. A. 
Al-Hellow, H. M. 
Al-Zahrani, R. M. Seyam

Journal of 
Endourology
22(4):597–600 
(2008)

Low postoperative 
narcotic 
requirements

Long operative 
time

n = 1

Robotic enterocystoplasty: 
technique and early 
outcomes
J. J. Gould, J. T. Stoffel

Journal of 
Endourology
25(1):91–5 
(2011)

Urethral continence, 
normal upper tract 
imaging

Rare ileus n = 5

Robotic approaches to 
augmentation cystoplasty: 
ready for prime time?
Prithvi Murthy, Joshua 
A. Cohn, Mohan 
S. Gundeti

Current 
Bladder 
Dysfunction 
Reports
9:310–7 (2014)

Faster recovery time, 
decreased 
postoperative 
narcotic use and 
adhesion formation

Expense n = 13

Completely intracorporeal 
robotic-assisted 
laparoscopic augmentation 
enterocystoplasty with 
continent catheterizable 
channel
Andrew S. Flum, Lee 
C. Zhao, Stephanie 
J. Kielb, Erik B. Wilson, 
Tung Shu, John 
C. Hairston

Journal of 
Urology
84(6):1314–8 
(2014)

Faster recovery time, 
decreased wound/
bowel complications 
(e.g., small bowel 
obstruction, ileus)

Venous 
thromboembolism

n = 22

Robotic-assisted 
laparoscopic bladder 
augmentation in the 
pediatric patient
A. C. Wiestma, C. R. 
Estrada Jr., P. S. Cho, 
M. V. Hollis, R. N. Yu

Journal of 
Pediatric 
Urology
12(5):313.
e1–e2 (2016)

Increased bladder 
capacity

Long operative 
time

n = 1
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Fig. 12.1 Ileocystoplasty with continent catheterizable channel. (a) Bi-valved bladder both poste-
riorly toward trigone and anteriorly to bladder neck. (b) Segment length of ileum approximately 
45 cm. (c) Creation of catheterizable channel (Mitrofanoff) over 12–14 Fr red rubber with cecal 
cuff. (d) Testing catheterizable channel to accommodate catheter. (e) Detubularized segment of 
ileum. (f) Anastomosis of ileal segment to bi-valved bladder. (g) Stoma maturation Y-V plasty. (h) 
Suprapubic catheter in augmented bladder (i). Twelve Fr red-rubber catheter in channel, suprapu-
bic catheter in augment bladder, and abdominal drain. (j) Postoperative cystogram. (Images cour-
tesy Melissa Kaufman MD MPH)

a b

c d

e f
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 2. Identify the bowel segment to be used for the augment (ileum, ascending or sig-
moid colon). For ileocystoplasty, utilize an approximately 25  cm segment of 
ileum (15–20 cm for colon) 15–20 cm from the ileocecal valve. Mark the proxi-
mal and distal ends of the segment with suture and harvest the bowel with GIA 
stapler. Perform bowel anastomosis oriented above the segment harvested for 
augmentation. Ensure all staple lines are removed from the augment segment 
(Fig. 12.1b). Detubularize the bowel segment on the antimesenteric border with 
electrocautery and approximate the backwalls of the bowel in S-shape configura-
tion (note: straight or cup patch in a U, W, and S shape are alternative techniques 
for augment configuration). The mucosal edges (in the desired configuration) 
can be approximated with 2–0 Vicryl or 3–0 polydioxanone (PDS) (Fig. 12.1e, f). 
To facilitate irrigation and postoperative management, a 16–20 Fr suprapubic 
catheter (a Malecot catheter may also be used) is placed through the detrusor 
into the native bladder after completion of the posterior anastomosis (Fig. 12.1h). 

g h

i j

Fig. 12.1 (continued)
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Once the anterior anastomosis is complete, the bladder is irrigated/tested for leak 
along the suture line and bolstered as needed.

 3. If a catheterizable channel is desired, this is most commonly performed with 
either appendix (if length is adequate) or with a portion of ileum. An appendi-
covesicostomy/Mitrofanoff is created by isolating the appendix from the cecum 
while preserving the appendiceal artery within the mesentery of the appendix 
and divided from the cecum. If more length is required, a portion of the cecum 
can be harvested with the appendix and tubularized. An additional cuff of cecum 
incorporated in the channel can allow for decreased risk of stomal stenosis at the 
skin level. Appendiceal channel length can also be augmented by removing a 
segment of cecum along with the appendix and tapered over the catheter with a 
GIA stapler (Fig. 12.1c). The appendix is then implanted into the bladder through 
a submucosal tunnel. It is recommended to anastomose the channel into the 
native bladder in the posterolateral position and not the augment patch in a loca-
tion that allows for seamless passage of the catheter. The appendix can also be 
secured to the outer bladder wall to prevent stoma retraction. Stoma placement 
may vary based on length of channel and patient anatomy and is either placed in 
the lower abdominal wall or umbilicus (preferred). The channel should accom-
modate a 12–14 Fr red rubber catheter (Fig. 12.1d). If appendix is not available, 
a 2 cm segment of ileum, using the Yang Monti (YM) technique, can be utilized 
to create a channel. The selected segment is mobilized and incised transversely 
along the antimesenteric border and retubularized in two layers (mucosa and 
serosa) with 3–0/4–0 absorbable sutures along its long axis to form a long chan-
nel (typically doubles the length of the harvested segment). Retubularization is 
recommended around a 12–14 Fr catheter. In cases where a longer channel is 
needed, a double YM or spiralized YM is additional options. A double YM is 
created by harvesting two separate segments as described above and anasto-
mosed end to end.

 4. Stomal maturation can be performed with a Y-V, V, or U plasty incision and 
placed in the umbilicus or lower abdominal quadrants (Fig.  12.1g). It is ulti-
mately most important that the location of the stoma allow for ease of catheter-
ization. During construction, frequent testing of channel throughout this process 
is imperative. With a Y-V plasty, secure the apex of the V to the channel (deep 
dermal skin to mucosa of channel) with 3–0 Vicryl and continue to mature stoma 
with interrupted suture. Postoperatively, maintain a 16 Fr Foley catheter in the 
stoma for 3 weeks. It is imperative that the channel is secured to the posterior 
peritoneum/abdominal wall to ensure properly direct alignment into the bladder 
in order to avoid difficulties with catheterization.

 5. A perivesical/intra-abdominal drain is left in place and may be removed prior to 
discharge if there is no concern for intrabdominal urine leak (Fig. 12.1i).

 6. Postoperatively, a urethral catheter may be left in place and removed prior to 
patient discharge. The suprapubic catheter is irrigated daily to prevent mucous 
buildup and remains in place for 3 weeks postoperative with a cystogram prior 
to removal (Fig. 12.1j). If the cystogram demonstrates no urine extravasation, 
plug the suprapubic tube, and the patient will begin performing catheterization 
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of the channel (if present). If there are no issues with catheterization, then the 
suprapubic tube is removed [30, 31].

 AC Laparoscopic/Robotic Technique

The adoption of robot-assisted laparoscopic techniques has evolved over the years 
and more recently has expanded to include minimally invasive options for complex 
urinary diversions including AC. The first robotic ileocystoplasty was first described 
by Gundeti et al. in 2008 in the pediatric neurogenic bladder setting [32]. Historically 
AC is approached with an open technique, and therefore robot-assisted laparoscopic 
total intracorporal bladder augmentation has not been well established to date with 
limited publications detailing safety, feasibility, and surgical technique. However, 
several proposed techniques are detailed below and should be considered in order to 
decrease morbidity and invasiveness of AC. It is imperative that patient selection is 
considered prior to proceeding with a robotic approach in addition to appropriate 
surgeon experience in robotics.

 1. Patient is placed in the dorsal lithotomy position in steep Trendelenburg. A 
12  mm camera port is placed 2–5  cm above the umbilicus with a Veress or 
Hassan technique depending on surgeon preference. Port placement is similar to 
robot-assisted radical cystectomy and prostatectomy with two 8 mm robot ports 
along the lateral border of the rectus muscle on the right and left side, an addi-
tional 8 mm robot port 2 cm above the right anterior superior iliac spine (ASIS), 
and a 12 mm assistant port 2 cm above the left ASIS. Each port should be placed 
approximately 8  cm apart. A 5  mm assistant port can be placed as needed 
(Fig. 12.2).

8cm

8 mm robot port

12 mm camera port

12 mm assistant port

Fig. 12.2 Port placement for robot-assisted laparoscopic ileocystoplasty. A 12 mm camera port is 
placed 2–5 cm above the umbilicus with assistance from a Veress needle or Hassan technique. Two 
8 mm robot ports are placed along the lateral border of the rectus muscle on the right and left side, 
an additional 8 mm robot port placed 2 cm above the right anterior superior iliac spine (ASIS), and 
a 12 mm assistant port 2 cm above the left ASIS. Ports should be approximately 8 cm apart. A 
5 mm assistant port can be placed as needed. (Image courtesy Melissa Kaufman MD MPH)
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 2. Dissection begins with a longitudinal incision along the peritoneum between the 
medial umbilical ligaments and access gained to the extraperitoneal space and 
the bladder dome exposed with a combination of blunt and cautery dissection. 
The bladder is distended to allow for ease of cystotomy and is bivalved in a mid- 
sagittal plane similarly to open technique.

 3. The ileal patch is created by preserving 15 cm of ileum proximal to the ileocecal 
junction and 15–20 cm of distal ileum isolated. The distal end of the segment is 
fixed with stay sutures of the abdominal wall in order to facilitate harvesting of 
the ileal patch segment [33]. An endoscopic stapler is used to isolate the ileal 
segment, and a combination of monopolar and bipolar cautery is used to divide 
the mesentery. The two ileal ends are approximated for the bowel anastomosis, 
and the same endoscopic stapler is used again. The mesenteric window is loosely 
approximated and closed using 3–0 Vicryl. The staple lines are removed from 
the ends of the ileal augment segment and detubularized (can be assisted with the 
suction device to guide the direction of the incision) and configured in a U shape 
(or preferred configuration) with 3–0 Vicryl. (*Note: this portion can be per-
formed extracorporally by extending the umbilical port incision.)

 4. The ileal-bladder anastomosis is performed in a similar fashion as the open tech-
nique with the posterior wall anastomosis performed first and suturing anteriorly 
to the bladder neck. The apex of the U should be oriented anteriorly at the blad-
der neck. This may be completed in a single-layer full-thickness closure with 
2–0 Vicryl. The augment is tested with irrigation and buttressed as needed.

 5. An abdominal drain is left in place in addition to suprapubic and urethral cathe-
ters. Abdominal drain and urethral catheter are removed prior to patient dis-
charge and 3-week cystogram performed and suprapubic catheter removed if no 
complications/urine leak identified [34, 35].

Spontaneous perforation of to the augmented bladder is a serious risk with rates as 
high as 13% thought secondary to chronic or acute over distension and subsequent 
bowel wall ischemia [36–41]. The more common clinical scenario is a patient who 
chronically lets their bladder become overdistended or a patient who is under the influ-
ence of alcohol and allows the bladder to get overfills, and it spontaneously ruptures.

Evaluation of a suspected perforation should include computer tomography (CT) 
and management with either conservative management with Foley drainage, and 
intravenous antibiotics or surgical exploration and repair have been described. Lee 
et al. have proposed an algorithm for management, but due to the risk of sepsis, a low 
threshold for surgical exploration is recommended [42]. Patients should be counseled 
regarding this risk and encouraged to maintain a regular catheterization schedule.

 Follow-Up

Patient undergoing augmentation cystoplasty for non-neurogenic indications require 
similar short-term monitoring for bowel or bladder anastomotic breakdown, fistula, 
and delayed return of function as well as long-term monitoring of renal function and 

A. L. Siebert et al.



217

routing screening for malignancy as indicated. This includes regular electrolytes, 
CBC, urinalysis, B12, and periodic ultrasound imaging. Follow-up for electrolyte 
disturbance and stone disease is outside of the scope of this chapter, but routine 
monitoring is indicated. Patients with bowel interposition as well as those who per-
form CIC are considered to be at an increased risk for malignancy, and hematuria 
should be evaluated in this patient population and not treated as a sign of infection 
if symptoms of such are absent.

 Pregnancy after Bladder Augmentation

Multiple case reports describe uncomplicated pregnancy following bladder aug-
mentation [43]. There is an approximately 15% risk of pyelonephritis, which com-
pares favorably with a 20–40% incidence in pregnant women with asymptomatic 
bacteriuria and normal lower urinary tracts [44]. Current practice patterns mandate 
treatment of asymptotic bacteriuria during pregnancy, and by extension prophylac-
tic antibiotics are sometimes employed in the setting of bowel interposition with 
chronic colonization. Impaired urinary drainage due to external compression from 
the gravid uterus is relatively uncommon (4%) as compared to ileal conduit (23%), 
commonly from compression of the left ureter against the sacrum [45]. C-section 
delivery rates are 27% similar to the general population, typically performed for 
obstetric indications. Patients with an augmentation cystoplasty are not at an 
increased risk of incontinence. Notable exceptions include those with bladder neck 
reconstruction or artificial urinary sphincter, in which case caesarian section deliv-
ery is indicated. Surgical approach to caesarian section must consider the position 
of the mesentery which draped over the uterus, is commonly displaced laterally, and 
can be adherent. Although uncomplicated lower segment caesarean section after 
bladder augmentation had been described [46], to avoid injury to the vascular sup-
ply, a high uterine incision is preferred.

 Summary

Augmentation cystoplasty may be utilized for non-neurogenic conditions impacting 
bladder capacity, and compliance though often after other less-risky options has 
been exhausted. Ileum is the most commonly utilized bowel segment, and surgical 
approach is similar to neurologic indications. Long-term follow-up is indicated due 
to the risks of metabolic abnormalities, stone formation, and bladder perforation.
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Chapter 13
Advanced Options for Treatment 
of Refractory Urgency Urinary 
Incontinence

Elizabeth Rourke, Alice Wang, and Melissa Kaufman

 Suprapubic Catheter: Indications and Methods

Suprapubic (SP) catheter placement is considered an alternative method for man-
agement of bladder in patients with bladder underactivity and/or overflow inconti-
nence [3]. However, SP catheter placement can also be considered after failure of 
third-line therapies for urgency urinary incontinence (UUI). The SP catheter is typi-
cally placed endoscopically or surgically in an infraumbilical anatomic location and 
cannot only avoid the complications of urethral erosion but is often more comfort-
able and easier to manage than a urethral catheter. Though SP catheter placement 
adequately drains the bladder and can improve incontinence, bladder overactivity 
may still be present, and an SP catheter is most often used in conjunction with phar-
macotherapy and/or intradetrusor Botox and given the patent urethra may not result 
in continence if the woman has substantial stress incontinence.

 Percutaneous Placement of SP Catheter

A percutaneous procedure can be done under local anesthetic and may be the pre-
ferred option for patients requiring emergent drainage of the bladder without options 
for urethral access. Prior to performing this procedure, assessment of the patient’s 
surgical history is mandated to reveal intra-abdominal surgeries potentially result-
ing in disruption of the peritoneum allowing for bowel migration into the pelvis and 
surrounding the space of Retzius or overlying the bladder. Ultrasound at bedside 
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can be utilized to visualize loops of bowel in the trajectory of catheter placement. If 
there is concern that bowel cannot be avoided without direct visualization (open 
approach), then the procedure should be aborted, and an alternative placement tech-
nique is considered. Interventional radiology drain placement under CT guidance is 
a frequently employed option with potential for subsequent upsizing to a formal 
catheter in the operating room or gradual upsizing in clinic. Perioperative antibiot-
ics should be administered for skin and genitourinary bacterial coverage. At the 
target site approximately two fingerbreadths above the pubic symphysis in the mid-
line, deep, and superficial local anesthetic can be applied. A 20-gauge spinal needle 
is advanced through the skin and into the bladder. To avoid bowel, the bladder 
should be fully distended, and the needle should be angled 10–15 degrees from 
vertical, aimed caudally and advanced until urine is aspirated. Then, a 1 cm trans-
verse incision is made in the midline at the previously marked site two finger-
breadths above the pubic symphysis. There are various percutaneous access and 
dilating kits available to use, but the principle remains the same that trocar and 
sheath should be advanced in the same direction and depth as the needle. Once in 
the bladder, urine should be seen in the sheath. The inner trocar is then removed, and 
the sheath is kept in place. The catheter of choice is advanced through the sheath, 
and the balloon is inflated with sterile water. The sheath is then peeled off the cath-
eter [4].

 Endoscopic Placement of SP Catheter

For endoscopic suprapubic cystotomy placed in a retrograde fashion, the Lowsley 
retractor is commonly used [5]. This version of the procedure is preferable if there 
is urethral access and the patient has had no previous lower abdominal procedures. 
This technique is typically simpler in females given the shorter urethra. Proper con-
sent is obtained, and appropriate preoperative antibiotics are given. Though this 
procedure is done endoscopically, general anesthesia is often utilized. The lithot-
omy position is preferred in both male and female patients to optimize the retractor 
angle. The Lowsley retractor is passed into the bladder through the urethra and 
aimed toward the anterior abdominal wall approximately 2 cm above the symphysis 
pubis. A spinal needle may be employed with cystoscopic guidance to optimize 
localization. The retractor is held firmly to prevent urethral trauma. A small supra-
pubic incision is then made through skin, subcutaneous tissue, and rectus fascia 
with electrocautery until the instrument is visualized. A catheter of the desired size 
is then attached to the Lowsley retractor and secured via a nonabsorbable suture 
(usually nylon or silk). The retractor is then pulled back through the bladder and 
exits out the urethral meatus. The suture is removed, and under direct vision, the 
catheter is advanced back to the bladder wall, and balloon is inflated. Direct vision 
placement with the Lowsley retractor prevents placement of the instrument outside 
the bladder and assists in avoiding potential damage of intra-abdominal viscera, 
which can occur during percutaneous placement [6].
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 Surgical Placement of SP Catheter

Surgical placement of a suprapubic catheter can be employed for patients with prior 
abdominal surgeries, who are at a high risk of bowel injury as well as patients with 
an inaccessible urethra due to urethral disruption, severe urethral stricture disease, 
or traumatic catheterization [7].

Proper consent is obtained, and the surgery is performed under general anesthe-
sia. Preoperative antibiotics should be administered based on hospital and practice 
guidelines. The lower abdomen and genitalia are prepped with betadine or chlorhex-
idine. The patient is optimally positioned in dorsal lithotomy although dependent 
on patient anatomy this may also be performed supine. The patient can also be 
placed in Trendelenburg position to help relocate bowel away from the bladder. A 
small vertical incision (4–5 cm) is made in the midline, starting from the pubic 
symphysis and proceeding cephalad. Using electrocautery, dissection occurs 
through the subcutaneous fat and Scarpa’s fascia to expose the rectus fascia. Using 
sharp dissection or cautery, the rectus fascia is incised in either a horizontal or verti-
cal direction. Without dividing the muscle, retract the rectus muscle bellies to 
expose the underlying transversalis fascia and bladder immediately beneath. 
Ideally, the bladder should be full, and this can be confirmed by inserting a small-
gauge needle, such as a spinal needle, attached to a syringe to aspirate urine. Once 
this has been confirmed, vertical stay sutures are placed with a 3-0 absorbable 
suture on either side of the midline of the bladder. The bladder can also be secured 
with Allis clamps. To avoid closure of the catheter within the incision, a separate 
incision can be created lateral to the incision to bring the catheter into the space for 
an independent tract. Using electrocautery or a scalpel, a small cystotomy is cre-
ated. The catheter is then directly inserted into the cystotomy. The catheter balloons 
are then inflated with sterile water and pulled so that the balloon is suspended 
within the bladder lumen and not against the trigone or bladder neck. The cystot-
omy is then closed with a purse-string 3-0 absorbable suture around the site of 
catheter insertion. The fascia, subcutaneous tissue, and skin are closed, either inde-
pendently or around the drain. The catheter can be secured with a drain stitch (silk 
or nylon). The SP catheter should be left in place for a minimum of 6 weeks prior 
to the first exchange to allow maturation of the tract and is recommended to be 
exchanged by the urologic surgeon initially and subsequently by nursing staff/
patient.

 Bladder Neck Closure Indications and Methods

Bladder outlet closure is usually reserved when other surgical interventions have 
failed and can be used to treat refractory incontinence. Most commonly, the refrac-
tory incontinence is due to urethral erosion from urethral catheter, severe stress 
incontinence, bladder neck incompetence, or difficult urethral fistulae [8]. Though 
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bladder neck closure often has high success rates, it is to be considered a permanent 
and irreversible procedure and is associated with rare acute complications (such as 
bladder perforation) [9].

Multiple approaches for bladder neck closure are feasible, including transvagi-
nal, transurethral, and transabdominal (retropubic), or a combination of several 
approaches may be required. Of note, the success of vesical neck closure requires a 
concomitant low-pressure urinary diversion via an SP catheter, ileovesicostomy, or 
augmentation cystoplasty with a continent catheterizable stoma. In a retrospective 
study, transvaginal and transabdominal approaches to bladder neck closure resulted 
in similar urethral continence rates. However, the transvaginal bladder neck closure 
was associated with shorter operative time, decreased length of hospitalization, and 
fewer short-term complications [10]. The decision to proceed with which option 
should depend on patient preference, functional status, and family support [11].

 Transvaginal Approach

As in the transurethral approach, this approach avoids entry into the abdomen. The 
patient is optimally placed in the low lithotomy position. A suprapubic catheter or 
other form of urinary diversion should already be in place or will need to be per-
formed at the time of bladder neck closure. The labia are retracted with a self- 
retaining ring retractor or sutures and a weighted speculum placed in the vagina for 
improved exposure. The anterior vaginal wall may be injected with saline or dilute 
lidocaine with epinephrine to hydrodissect the vesicovaginal space. A number 15 
scalpel is used to create a wide inverted U-shape incision on the anterior vaginal 
wall. The apex of the U should start close to the urethral meatus and extend as proxi-
mally into the vaginal vault as possible (Fig. 13.1a). The anterior vaginal flap can be 
developed via retraction with Allis clamps and surgical scissors. The correct plane, 
revealing the underlying pubocervical fascia, should be shiny white with minimal 
bleeding. Once this flap has been developed, the urethra is incised circumferentially 
with the top edge being that of the apex of the U. The entire length of the urethra is 
dissected proximally to the bladder neck (Fig. 13.1b). With scissors or hemostats, 
the endopelvic fascia is perforated, and the bladder neck freed from the puboure-
thral ligaments. The urethra is transected at the level of the bladder neck and closed 
in multiple layers beginning with mucosa (Fig. 13.1c). The perivesical fascia is also 
closed. A watertight closure should be confirmed. Elevation of the closed bladder 
neck by fixation to the pubis is a preferred method to prevent fistula formation. A 
Martius flap can additionally provide an extra layer of closure and fill dead space 
(Fig. 13.1d). Lastly, the U-shaped vaginal flap is closed in a running fashion with a 
2-0 absorbable suture, and an estrogen cream coated vaginal packing is placed in the 
vagina for <24 hours to assist with hemostasis [12, 13].
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a b

c d

Fig. 13.1 Transvaginal bladder neck closure: (a) Transvaginal incision inverted U. (b) 
Development of the anterior vaginal flap and incision of bladder neck laterally. (c) Closure of blad-
der neck in a vertical running manner with a second layer closure of opposition (horizontal); 
repositions bladder neck behind pubic symphysis. (d) Martius flap to cover repair and provide 
additional tissue layer for prevention of fistula formation. ((a–c) from Raz S. Female Urology, 2nd 
ed. Philadelphia: WB Saunders, 1996. Copyright 1996, with permission from Springer; reprinted 
in Zimmern P. Vaginal Surgery for Incontinence and Prolapse) ((d) From Graham SD. Glenn’s 
Urologic Surgery. Philadelphia: Lippincott-Raven, 1998 reprinted in Zimmern P. Vaginal Surgery 
for Incontinence and Prolapse with permission from Springer) [14]
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 Transurethral Approach

Similar to the transvaginal approach, adequate bladder drainage must first be 
obtained prior to closure of the bladder neck. The patient is placed in the low dorsal 
lithotomy position. A self-retaining ring retractor and/or retraction sutures are 
placed with a weighted vaginal speculum for adequate exposure. An elliptical inci-
sion is made around the urethra with a number 15 blade. The incision should be full 
thickness through the surrounding vaginal mucosa. The urethra is dissected away 
from the anterior vaginal wall to the bladder neck until it is completely mobilized. 
The endopelvic fascia is then perforated with tissue scissors. At this point, the entire 
length of urethra and bladder neck is mobilized. The distal urethra is then trimmed. 
The remaining urethra is then inverted by placing horizontal mattress sutures cir-
cumferentially around the urethra with 2–0 absorbable sutures. The bladder neck is 
then closed over the urethra in a purse string fashion with a similar suture. Watertight 
anastomoses should be confirmed with instillation of 200–300 cc of fluid into the 
bladder [14, 15].

 Transabdominal Approach

In the transabdominal approach, drainage of the bladder is obtained during the 
cystotomy. Place the patient in low lithotomy position. Both the abdomen and 
vagina should be prepped. A Foley catheter is placed on the field. A low midline or 
Pfannenstiel incision is made. After entering the abdomen, the space of Retzius is 
dissected and developed bluntly. The endopelvic fascia is then encountered, and 
the dorsal venous complex is ligated with a zero absorbable suture. The urethra is 
dissected as widely as possible and the pubourethral ligaments transected with 
suture ligatures or sealing electrocautery. At this point the urethra is completely 
mobile and is ready to be transected. The dorsal aspect of the urethra is transected 
as far distally as possible. Once the foley catheter is exposed, it is divided so that 
it can be pulled upward to provide traction on the bladder neck. The ventral aspect 
of the urethra is then transected. The distal urethra is closed in two layers. The 
bladder is then opened anteriorly through the bladder neck. The ureteral orifices 
should be visualized before moving forward, and this can be done with the aid of 
intravenous methylene blue instillation or ureteral catheterization. The bladder 
neck is then transected from the proximal urethra. The bladder neck and bladder 
should be mobilized off the vesicovaginal space. Suprapubic catheter placement 
may be done at this time, or alternatively a catheterizable channel may be created. 
The bladder neck is now closed in two layers, ensuring inversion of the mucosal 
layer. Watertight closure is ensured with instillation of 200–300 cc of fluid. A peri-
toneal or omental flap can be used as an interposition to prevent fistula formation. 
Prior to abdominal closure, an abdominal drain is often placed for postoperative 
management [14, 15].
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 Urinary Diversion: Indications and Methods

 Simple Cystectomy with Conduit

One of the most common and widely utilized surgical procedures for urinary diver-
sion is an ileal conduit and was initially described by Bricker in the 1950s. Patients 
with refractory OAB/UUI are counseled on surgical management options, and in 
select cases where the patient is unable to catheterize (either per urethra or through 
a catheterizable channel), they should be counseled regarding simple cystectomy 
(supratrigonal cystectomy) and incontinent urinary diversion with a conduit. This 
procedure has been well developed and allows for immediate function. It is impera-
tive to include preoperative stomal education with a wound ostomy therapist to 
include pouch teaching, stomal marking, and skin/stomal care, since pouching 
problems are a significant source of distress in patients. The bladder is removed in 
this procedure given the risk of pyocystis long term in a defunctionalized bladder. 
Given that the bladder is not completely removed during this procedure, it is contra-
indicated for patients with a history of bladder cancer who should receive a radical 
cystectomy.

As with augmentation cystoplasty, the terminal ileum is preferred for conduit 
diversion as it is typically mobile, small caliber lumen, and robust constant blood 
supply. In certain circumstances tethering of the mesentery may prevent mobiliza-
tion of the ileum out of the deep pelvis, and colon may be preferred. Additionally, 
in patients with a history of radiation or previous bowel surgery that may have 
resulted in large losses of ileum, right, transverse, and descending colon can be 
used. If ileum is employed, it is recommended to begin following vitamin B12 lev-
els approximately 5 years postoperatively as loss of distal ileum may result in a lack 
of B12 absorption [15, 16].

Simple Cystectomy with Ileal Conduit-Open Technique

 1. The patient is placed in the supine position (frog-legged for females to allow for 
ease of access to the urethra during the procedure) with/without kidney rest and 
flexion. (*Note: consider placement of ureteral catheters prior to incision to 
allow for ease of ureteral identification/dissection.) A Foley catheter is placed on 
the sterile field. A midline infraumbilical incision is made and can be extended 
above the umbilicus as needed for adequate exposure.

 2. After gaining access to the abdomen, it is recommended to inspect the bowel at 
this time to ensure that segment of bowel can be harvested for the ileal conduit. 
Measure 15 cm from the ileocecal junction and mark the distal end with a short 
suture (this will identify the skin/stomal end) and then measure 15 cm of ileum 
and mark the proximal end with a long suture. This segment can then be packed 
superiorly for creation of the ileal conduit following ureteral dissection and 
cystectomy.

 3. Ureteral dissection begins with the left ureter which can be identified crossing 
the iliac vessels with the sigmoid colon retracted superiomedially. A 
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 peritonectomy is made, and the ureter is dissected free until a right-angle clamp 
can be passed underneath and the ureter encircled with a vessel loop to aid in 
further dissection. The ureter should be freed down to the level of the bladder 
and proximally to the kidney with care to maintain the adventitia which provides 
the rich blood supply to the ureter. (*Note: aggressive dissection of the ureter 
that results in loss of adventitia/blood supply can increase the risk of ureteral-
enteric anastomotic stricture.) A surgical clip is placed near the intramural tun-
nel around the ureter and transected. A 4-0 Vicryl stitch may be placed at the 12 
0’clock position of the ureteral mucosa to act both as an identifying stitch and 
working handle to be used during the ureteral-enteric anastomosis. The same 
procedure is repeated on the right side; however, there is less mobilization 
required for a right-sided conduit as the right ureter is positioned closer to the 
conduit. (*Note: if ureteral catheters were placed at the beginning of the proce-
dure these must be removed prior to clipping the ureter.) The left ureter is tun-
neled between the two peritonectomies behind the sigmoid mesentery and passed 
to the right side.

 4. With the ureters transected, the cystectomy can be performed. The space of 
Retzius is developed, and the bladder is mobilized by dividing the peritoneal 
wings bilaterally and dissecting it from the anterior fascia. The bladder can be 
distended with normal saline to aid in mobilization and creation of a cystotomy. 
Stay sutures or Allis clamps are used to assist with retraction while making an 
anterior cystotomy extending to the bladder neck anteriorly and the trigone pos-
teriorly. The bladder can be removed with Bovie or sealing electrocautery device 
leaving only a deep muscular layer of the bladder base. Care must be taken to 
avoid injury to posterior structures (vagina in women and seminal vesicles and 
rectum in men). The remaining urothelium is fulgurated, and the bladder neck 
closed with 0 Vicryl.

 5. The previously identified ileal segment (or colon) is brought into the surgical 
field. The mesentery is transilluminated in order to identify vascular arcades, and 
two windows are created in the mesentery with electrocautery (at both the proxi-
mal and distal ends). The sealing electrocautery is placed between the two win-
dows, and the mesentery is divided. If there is any mesenteric bleeding, this 
should be ligated with 3-0 silk suture. The mesentery is cleared away from the 
bowel in order to accommodate the stapler. The bowel is then harvested with a 
GIA stapler distally and proximally (maintain stay sutures on conduit portion of 
bowel). The conduit is then dropped into the pelvis, and the bowel anastomosis 
is performed above the conduit.

 6. A side-to-side anastomosis is performed (end to end is optional). The two bowel 
segments can be approximated along the antimesenteric border with 3-0 Vicryl 
sutures (removed following completion of anastomosis). The antimesenteric 
corners of the proximal and distal loop of bowel are excised to accommodate the 
GIA-75 stapler. Ensure the antimesenteric sides are facing one another before 
firing the staple load. The ileoileostomy is completed by offsetting longitudinal 
suture lines (with allis clamps or 3-0 Vicryl suture) and the enterotomy placed in 
the TA 60/90 stapler and fire, cut remaining stump with mayo scissors and 
release stapler. Oversew anastomosis with 3-0 Vicryl above the staple line. Close 
both the fork and the mesenteric edge with 3-0 silk or Vicryl suture.
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 7. The left ureter is tunneled through the sigmoid mesocolon to reach the conduit 
in the right pelvis. The ureteroileal anastomosis begins with ensuring both ure-
ters are properly aligned to enter the bowel without tension and in the correct 
orientation. The staple line is removed from the distal end, and a Babcock clamp 
(one-click) is used on this end to orient the conduit in the appropriate position for 
anastomosis. An enterotomy is made (typically lateral edges of the proximal end 
of the conduit) through serosa and mucosa (may be done with cautery or scalpel/
scissors). The mucosal edges of bowel are everted with 4-0 chromic to allow 
easier anastomosis to the ureters. The ureter is spatulated with tenotomy/Potts 
scissors. The anastomosis can be performed with interrupted or running sutures 
depending on surgeon preference with 4-0 Monocryl (or any unbraided synthetic 
absorbable suture). A running anastomosis uses two sutures at the apex: one 
place in to out on the ureter and the other in to out on the bowel and run. Before 
completing the anastomosis, a wire-loaded single J stent is placed. The site of 
implantation of the right ureter is more distal on the conduit. The ureteral stents 
are pulled out through the distal end of the conduit/stoma end.

 8. The stoma is made by incising the skin in a circular fashion with electrocautery 
through skin and subcutaneous tissue down to the fascia. It is important to draw 
the fascia into the orthotopic midline incision with Kocher clamps during the 
creation of the stoma to prevent retraction during closure. The fascia is cleared 
of any subcutaneous fat and a cruciate incision made in the anterior rectus fascia, 
the rectus muscle split, and the posterior sheath and peritoneum incised. The 
incision should accommodate approximately two fingers to allow the conduit to 
pass through the fascia with ease. A Babcock clamp is passed from the skin 
through the fascial incision and clamped on the distal end of the conduit, includ-
ing both ureteral stents and pulled through the fascia to the skin. Ensure the 
conduit is properly oriented on the mesentery and not on any tension. Stomal 
eversion can be completed several ways either including fascia to seromuscular 
layer or with deep serosal layer to more superficial mucosa to deep dermal layer 
at four points with 2-0 Vicryl and tied down one at time accentuating the rosebud 
formation. The stoma is matured with skin-mucosa 3-0 Vicryl or chromic suture 
around the edge of the stoma.

 9. An abdominal drain is placed and can be removed prior to discharge which is no 
concern for ureteroileal urine leak. Ureteral stents can be removed in 4–6 weeks 
postoperatively [15, 16].

*Note: stomal placement can be right or left sided if using colonic segment. A 
right-side colon conduit may be preferred for patients with existing colostomy/ileos-
tomy to avoid pouching issues postoperatively.

 Conclusion

Severe urgency urinary incontinence/overactive bladder can have profound effects 
on overall patient quality of life and should be managed in stepwise fashion 
(Fig.  13.2). In patients that have failed noninvasive therapies including 
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Diagnosis of refractory urgency urinary
incontinence

Failure of lifestyle modifications, pharmacotherapy, sacral neuromodulation
and/or intradetrusor Botox injection

(including patient exclusion criteria for any of the above therapy) 

Patient counseling for more invasive
surgical options and patient selection

considered 

Suprapubic Catheter
1. Percutaneous placement

2. Endoscopic/lowsley placement
3. Open surgical placement

Unable to tolerate SPT, continued UUI,
or need for more invasive surgical

management 

Bladder neck closure

Appropriate counseling for urinary
diversion prior or at the time of  closure
(catheterizable channel or suprapubic

catheter)  

Transabdominal

Preferred for patients undergoing
augmentation cystoplasty and/or
catheterizable channel OR failed

vaginal/urethral approach    

Transurethral

Avoidance of abdomen
Surgical preference

Transvaginal

Avoidance of abdomen Recommend
flap (martius, vaginal, etc) to prevent

fistula formation 

Urinary diversion

Patient counseling is key for both
type of diversion and open versus
laparoscopic/robotic approach  

Simple
Cystectomy with

Conduit
Bowel choice (colon versus ileum)

Ostomy teaching/marking 

Augmentation
Cystoplasty

Catheterizable channel or urethral
intermittent catheterization 

Fig. 13.2 Treatment Algorithm for Refractory Urgency Urinary Incontinence
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anticholinergics/beta 3 agonist medications, intravesical injection of botox, or sacral 
neuromodulation, it is reasonable to offer more invasive surgical management. It is 
imperative that appropriate counseling occurs so that patients understand the 
options, complications, and impact these interventions can have on daily life. 
Additionally, a combination of modalities may be utilized to optimize quality of life 
including suprapubic catheterization (with or without intravesical Botox), bladder 
neck closure with urinary diversion (suprapubic catheter, catheterizable channel). In 
extreme cases, permanent options for urinary diversion should be considered and 
include augmentation cystoplasty with or without catheterizable channel and uri-
nary diversion. The method (open versus laparoscopic/robotic) should be carefully 
considered by the surgeon and their appropriate skill set.
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Chapter 14
Urethral Bulking Agents

Alexandra L. Tabakin and Siobhan M. Hartigan

 Introduction

Urethral bulking agents (UBAs) are a minimally invasive treatment for either pri-
mary or recurrent SUI after other anti-incontinence procedures. First introduced in 
the early twentieth century, UBAs continue to evolve in composition, mechanism of 
action, and delivery method. Here we discuss indications for UBA usage, proce-
dural aspects of injection, and historical and contemporary UBAs.

 Method of Action

UBAs are used to treat stress urinary incontinence (SUI) in patients with intrinsic 
sphincter deficiency (ISD), a very weakened urethral closure mechanism [1]. UBAs 
can be injected transurethrally or through the periurethral tissue, thereby focally 
expanding urethral surface area and increasing pressure transmitted to the proximal 
urethra [2]. The bulking of the urethra improves urethral coaptation and urethral 
outlet resistance, preventing the leakage of urine. Injection of UBAs may also 
increase functional urethral length [3].

UBAs may be synthesized from biologic or synthetic materials. Biologic UBAs 
are comprised of decellularized membranes from either autologous, allogenic, or 
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xenogenic tissues [4]. Synthetic UBAs are categorized as either particulate or non- 
particulate. Particulate UBAs are composed of microspheres suspended in an 
absorbable gel carrier. As the gel is reabsorbed over time, the surrounding host tis-
sue integrates with the remaining particles to create a bulky fibrotic capsule. Particles 
must be at least 80 μm in diameter to prevent migration from the original site of 
injection [5, 6]. Non-particulate UBAs are created from homogenous, non- 
absorbable gels; for these agents, the bulk is created by the thin fibrous networks 
that form to anchor the injected gel to the host tissue [5].

Although there are key differences in their mechanisms of action based on their 
composition, ideal UBAs share similar key characteristics. For a UBA to success-
fully support reconstruction of and augment periurethral tissue, it should be easily 
injectable, non-absorbable, nontoxic, and non-immunogenic. UBAs should also be 
acellular, nonmigratory, and induce minimal fibrosis and calcification [7, 8].

 Patient Selection and Indications

UBAs are classically used in patients with SUI secondary to ISD, defined as an 
abdominal leak point pressure less than 60 cm H2O on urodynamics. Ideal candi-
dates should also lack urethral hypermobility and idiopathic detrusor contractions 
[9]. UBAs have been shown to be most efficacious in women with less than 2.5 
episodes of SUI per day and those aged 60 years and older. The efficacy of UBAs in 
older women may be attributed to lower baseline activity levels as well as improve-
ment in sphincter function through an increase in sphincter sarcomere length [10].

Although UBAs are less efficacious than the gold standard mid-urethral sling 
(MUS) for treating SUI with urethral hypermobility, they boast a more favorable 
side effect profile and have many indications [11]. UBAs can be considered in 
patients who are poor surgical candidates secondary to comorbidities, age, severe 
obesity, or inability to stop anticoagulation. UBAs can be offered to women of 
childbearing age who desire future pregnancies and those who want to avoid a sur-
gery requiring general anesthesia but accept a lower rate of cure [12]. UBAs may 
also be utilized in cases of mild SUI, SUI with poor bladder emptying, or as an 
adjunct to other anti-incontinence procedures if SUI still persists [9, 12]. 
Contraindications to UBA injection include active urinary tract infection (UTI) or 
history of allergic reaction to the bulking agent of choice [12].

 Procedural Aspects and Injection Techniques

UBAs can be injected under sedation or local or general anesthesia either in an 
office setting or the operating room [13]. To perform injections, the patient is tradi-
tionally placed in the dorsal lithotomy position. The genitals are prepped and draped 
in a sterile fashion. Topical anesthetics or lidocaine can be deposited transurethrally 
or injected within the urethral submucosa. It is recommended that practitioners 
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administer a single dose of prophylactic antibiotics in accordance with local anti-
biograms and prior patient urine cultures [14]. UBAs should be deposited into the 
proximal urethral mucosa near the bladder neck [15–17]. Three major methods of 
injection have been described.

 Transurethral Injection

Transurethral injection involves the implantation of UBAs through the working 
channel of a cystoscope (Fig. 14.1a). The transurethral method allows the clinician 
to perform the injection under direct vision and select the precise location for 
implantation. The practitioner can also visualize urethral coaptation, potentially 
reducing the amount of bulking agent required. For optimal coaptation, injections 
should be performed at either 3 and 9 o’clock or 6 o’clock through a cystoscope 
[18]. Circumferential periurethral distribution and proximal urethral injection have 
been associated with optimal short-term success rates [19].

 Periurethral Injection

Periurethral injection involves the direct placement of the UBA in the urethral 
mucosa in the perimeatal region (Fig. 14.1b). In comparison with the transurethral 
method, periurethral injection offers certain benefits including less mucosal leak-
age and bleeding [20]. However, periurethral injections are associated with a higher 

Urethral implant

Injection needle

Cystoscope

Urethral implant
Injection needle

Cystoscope

a b

Fig. 14.1 (a) Technique for transurethral injection where the needle for urethral bulking agent 
delivery is advanced through the working channel of a cystoscope. (b) Technique for periurethral 
injection of urethral bulking agent by direct placement of the injection needle in the perimeatal 
region. (Created with BioRender.com)
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risk of acute urinary retention, which is hypothesized to be caused by the use of 
higher volumes of the bulking agent, since direct visualization may not be utilized 
[20, 21].

 Device-Guided Injection

Some UBAs are deposited through specially made dispensers. The Macroplastique™ 
Implantation System contains an injection device placed in the urethra to the level 
of the bladder neck, which is identified when urine flows through the device’s cen-
tral channel (Fig. 14.2a). The clinician withdraws the device 1 centimeter distally. 
Needles are then placed through the implantation device into the urethral mucosa at 
the 2, 6, and 10 o’clock positions [17].

Bulkamid™ is injected through a urethroscope containing a zero-degree lens and 
light cord for visualization (Fig. 14.2b). A specialized needle is inserted 1 cm into 
the submucosa at the 6 o’clock position. Additional injections are placed at either 2 
and 10 o’clock or 3, 9, and 12 o’clock. The practitioner should visualize the forma-
tion of blebs after each submucosal injection [15].

Similarly, Urolastic™ is administered through a dispenser gun containing an 
applicator which is placed in the mid-urethra. Injections are then performed at the 
2, 5, 7, and 10 o’clock positions for optimal urethral coaptation. If persistent leak-
age occurs after a cough test, additional deposits can be placed in the 3 or 9 o’clock 
regions [16].

 Postoperative Recommendations and Findings

Practitioners should measure a PVR for all patients postoperatively [14]. Patients with 
PVRs greater than 100–150  ml may require a single catheterization with a 10–12 
French Foley catheter. A smaller catheter is recommended as to not displace the 

a b

Fig. 14.2 Device-guided injection dispensers. (a) Macroplastique™ Implantation System con-
tains an injection device which is placed in the urethra to the level of the bladder neck in order to 
optimally position the injection sites [90]. (b) Bulkamid™ rotatable sheath is advanced through 
the urethra under direct visualization, after which the clinician may perform injections [15]
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recently injected bulking agent. If urinary retention persists, patients should be taught 
to perform clean intermittent catheterization. Patients may return to work after 24 hours 
if performed under general anesthesia [15, 16] or same day if done under local anes-
thesia. Minimal, if any, pain medication is usually required following the procedure.

Of note, bulking agents can be seen on computed tomography (CT) or magnetic 
resonance imaging (MRI) and can be confused with urethral masses. Some are also 
radiopaque (Coaptite, Durasphere) and can be mistaken for bladder stones on kid-
ney, ureter, and bladder x-ray (KUB) (Fig.  14.3). A recent retrospective study 
revealed occasional misdiagnosis of periurethral bulking agents in patients with SUI 
[22]. In this study, urethral findings were rarely mentioned on abdominal or pelvic 
imaging interpretation. In the infrequent cases in which they were mentioned, 
greater than 60% misdiagnosed the bulking material as a genitourinary pathology 
such as pelvic mass or urethral diverticulum [22].

 Comparison of Injection Methods

Benefits and disadvantages associated with each injection method have been 
described, but there is no evidence favoring one method over another in terms of 
clinical success rates. One study comparing transurethral (n = 24) to periurethral 

a b

c

Fig. 14.3 UBAs identified on various imaging modalities can be easily misinterpreted. (a) Axial 
magnetic resonance imaging of collagen bulking agent which was correctly interpreted on radio-
graphic read. (b) Coronal magnetic resonance imaging of collagen bulking agent which was radio-
graphically interpreted as “possible urethral diverticulum.” (c) Axial computerized tomography 
imaging of Macroplastique™ bulking agent which was radiographically interpreted as “increased 
attenuation of soft tissue”. (Images a-c courtesy of Anne Cameron MD)
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(n = 21) collagen injection demonstrated no statistically significant difference in 
cure, symptomatic improvement, or complication rates after six months. However, 
the amount of collagen injected was lower (4.7 vs 10.1 ml) for the transurethral 
compared to the periurethral group, respectively [21].

These results were corroborated by an analysis of 40 women with SUI or mixed 
urinary incontinence (MUI) randomized to receive either periurethral or transure-
thral injection of dextran copolymer. There was no significant difference in dry rates 
or subjective mean symptomatic improvement at one, three, six, or 12  months. 
Primary reason for SUI (ISD vs urethral hypermobility) had no significant relation-
ship with clinical results. Importantly, there was a significantly higher incidence of 
urinary retention in the periurethral group compared to the transurethral group (30% 
vs 5%, respectively). While there were no differences in the volume of UBA injected 
overall, patients in the periurethral group who experienced urinary retention had a 
significantly larger quantity of bulking agent deposited than those in the transure-
thral group (5.1 vs 3.4 ml) [20].

 Summary of Urethral Bulking Agents in Women: Safety 
and Efficacy

 Historical Agents

Historical UBAs are summarized in Table 14.1.

Table 14.1 Historical urethral bulking agents

Urethral bulking agent
Trade 
name(s) Agent class Associated complications

Sodium morrhuate N/A Sclerosing 
agent

Pulmonary embolus, cardiac arrest

Granugenol oil/Dondren N/A Sclerosing 
agent

Pulmonary embolus, urethral 
sloughing

Polytetrafluoroethylene Teflon™ Microsphere 
particulate 
UBA

Particle migration, particle 
extrusion, periurethral 
abscess,urethral diverticula, 
granuloma formation, possible 
carcinogen

Autologous fat N/A autologous fat Pulmonary fat embolism
Glutaraldehyde Cross- 
Linked (GAX) Collagen

Contigen™ Bovine collagen Allergic reactions, pulmonary 
emboli, sterile abscess formation

Ethylene vinyl alcohol Uryx™, 
Tegress™

Copolymer 
non-particulate 
UBA

Urethral erosions

Dextranomer with 
hyaluronic acid

Zuidex™, 
Deflux™

Microsphere 
particulate 
UBA

Sterile abscess, injection site 
mass, and pseudocyst formation
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 Sclerosing Agents

Sodium morrhuate, a sclerosing agent, was the first documented UBA.  First 
described in 1938, Murless injected sodium morrhuate into the anterior vaginal wall 
to stimulate scarring of the periurethral tissue in order to prevent urethral hypermo-
bility. While somewhat successful, some severe adverse effects ensued including 
pulmonary embolus and cardiac arrest [23, 24]. In 1963, Sachse injected granugenol 
oil, or Dondren, another sclerosing agent, into both female and male urethras. 
Although patients did experience some symptomatic improvement, several devel-
oped pulmonary emboli and urethral sloughing [25].

 Polytetrafluoroethylene (Teflon™)

Polytetrafluoroethylene, or Teflon™, contains microparticles ranging in size from 
less than 50 μm to 300 μm [26]. It was used in the 1970s and 1980s with success 
rates as high as 75% [27] but was never approved for use in the United States due to 
significant complications related to particle migration to distant sites and its carci-
nogenic potential [23, 28]. Furthermore, there were several reports of extrusion, 
periurethral abscess, urethral diverticula, and granuloma formation [23, 29].

 Autologous Fat

As early as 1989, several groups trialed periurethral injections of autologous fat 
harvested from the abdominal wall [30]. Thought to be a suitable material for a 
UBA for its ease of access and biocompatibility, a randomized double-blind trial 
comparing periurethral injections of autologous fat or saline placebo failed to dem-
onstrate a significant difference in cure rates. One patient even experienced death 
secondary to pulmonary fat embolism [31], which further discouraged its usage as 
a UBA. The durability of autologous fat grafts is limited, as grafts lose up to 55% of 
volume by six months [32].

 Glutaraldehyde Cross-Linked (GAX) Collagen (Contigen™)

In 1993, GAX bovine collagen in phosphate-buffered saline, marketed as Contigen™ 
(CR Bard, Murray Hill, New Jersey, USA), was approved by the US Food and Drug 
Administration (FDA) as a UBA.  Initial symptomatic improvement rates ranged 
from 68 to 90%, usually after approximately three injections, but declined over time 
[33, 34]. Comprised of 95% type I collagen and 1–5% type III collagen, women 
undergoing Contigen injection required skin testing 30 days prior to their proce-
dure, as it caused allergic reactions in 4% of patients due to its antigenic nature. 
Other adverse events included UTI, hematuria, de novo urgency, arthralgia, pulmo-
nary emboli, and sterile abscess formation [35]. Contigen was discontinued by its 
manufacturer in 2011.
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 Ethylene Vinyl Alcohol (Uryx™, Tegress™)

Ethylene vinyl alcohol (EVA) is a copolymer suspended in dimethyl sulfoxide 
(DMSO), also known as Uryx™ (Genyx Medical, Inc., Aliso Viejo, CA/C.R. Bard, 
Murray Hill, NJ, USA) or Tegress™ (CR Bard, Murray Hill, NJ, USA). EVA was 
approved by the FDA in 2004 for use as a UBA. When injected and exposed to 
blood or extracellular fluid at body temperature, the DMSO dissolves, and the EVA 
forms a spongiform mass, creating the urethral bulk [36]. When compared to col-
lagen injections, EVA injections had higher cure and symptomatic improvement 
rates [37]. However, it was ultimately withdrawn from the market in 2007 due to 
multiple adverse effects including severe urethral erosions and fistula forma-
tion [38].

 Dextranomer with Hyaluronic Acid (Zuidex™, Deflux™)

Zuidex™ (Q-Med AB, Uppsala, Sweden) or Deflux™ (Oceana Therapeutics Inc., 
Edison, New Jersey, USA) are gels containing dextranomer microspheres suspended 
in hyaluronic acid. As the hyaluronic acid gel dissolves, the microspheres remain in 
place for four years, promoting connective tissue ingrowth. These agents are com-
monly used and approved for endoscopic treatment of vesicoureteral reflux in 
children.

A multicenter study with 142 patients with invasive-treatment naïve SUI who 
underwent Zuidex injections demonstrated a 77% positive response, defined as 
≥50% reduction in provocation test leakage, after one year. Significant reductions 
were also noted for 24-hour pad-weight test and number of daily incontinence epi-
sodes. Most adverse events were transient and included urinary retention, UTI, 
injection site reaction, urinary urgency, vaginal discomfort, dysuria, pain, pseudo-
cyst formation, and injection site infection [39].

A subsequent non-inferiority trial compared outcomes in patients with SUI, who 
were randomized to receive either midurethral injection of Zuidex (n  =  227) or 
Contigen injection at the bladder neck (n = 117). Those who underwent Contigen 
injection had higher dry and positive response rates, also defined as ≥50% reduction 
in provocation test leakage. Although both groups had identical rates of urinary 
retention (28%), the Zuidex group experienced more complications, including ster-
ile abscess, injection site mass, and pseudocyst formation [40], leading to its discon-
tinuation as a UBA for SUI.

 Contemporary UBAs

Contemporary UBAs are summarized in Table 14.2.
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 Porcine Collagen (Permacol™)

Permacol™ (Covidien, Gosport, United Kingdom) is sourced from cross-linked 
porcine dermis. During processing, cells, DNA, and RNA are removed in such a 
way that allows the collagen matrix to retain its microscopic constitution [41]. The 
matrix resembles human dermis, allowing integration with host tissue and blood 
vessels. Unlike Contigen, it does not require allergy testing prior to implantation 
[42]. Data surrounding the efficacy of Permacol is mostly limited to one trial which 
randomized women with SUI to receive either injection with Permacol (n = 25) or 
Macroplastique (n = 25). Six weeks postinjection, Permacol patients had insignifi-
cantly higher dry rates (60% vs 41.6%). At six months, 62.5% of the Permacol 
patients remained dry compared with 37.5% of Macroplastique patients. 
Additionally, fewer Permacol patients experienced transient post-procedural uri-
nary retention (8 vs 12%) [42].

 Calcium Hydroxylapatite (Coaptite™)

Coaptite™ (Bioform Medical Inc., San Mateo, California, USA) is a synthetic UBA 
consisting of calcium hydroxylapatite microspheres suspended in a carboxymethyl 
cellulose gel carrier. Microsphere particles range in size from 75 to 125 μm [43]. 
The gel initially provides the bulking effect but degrades over time allowing native 
tissue to grow around the particles, which also eventually dissolve [43]. The volume 
of the Coaptite deposit decreases by approximately 40% after three months, and 
patients who retain more volume are more likely to have sustained symptomatic 
improvement [44].

The main data supporting the efficacy of Coaptite is derived from a multicenter 
prospective randomized control trial. In this non-inferiority study, women with SUI 
secondary to ISD without urethral hypermobility received injection with either 
Coaptite or Contigen, the gold standard at the time of publication. After one year, 
there was an insignificant improvement in patient success, defined as improvement 
of at least one Stamey grade, favoring the Coaptite group (63.4 vs 57.0%). There 
were also no differences in the one-year cure rate (39% vs 37%) and percentage of 
participants having at least 50% reduction in 24-hour pad weight (62% vs 54%) for 
the Coaptite and Contigen groups, respectively. Furthermore, more patients in the 
Coaptite group only required a single injection [43].

There were no differences between the groups in terms of most minor procedure- 
related adverse events, including dysuria or urinary retention, although there was a 
significantly lower risk of developing urge incontinence in the Coaptite group (5.7% 
vs 12%). Two major complications were reported in the Coaptite group, specifically 
vaginal wall erosion into the distal urethra and dissection of the material beneath the 
trigone. These serious events were attributed to injection technique and the large 
particle size causing pressure on host tissues [43]. Other rare side effects of Coaptite 
including urethral prolapse and granuloma formation requiring surgical correction 
have been reported [45, 46].
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 Carbon-Coated Zirconium (Durasphere™)

Durasphere™ (Carbon Medical Technologies, St. Paul, Minnesota, USA) contains 
nondegradable carbon-coated zirconium particles suspended in a dissolvable 2.8% 
beta-glucan hydrogel carrier. The relatively large particles range in size from 212 to 
500 μm [47], which can make injection more difficult due to increased resistance 
[5]. It became FDA approved for use as a UBA in 1999 [48].

Durasphere was shown to have equivalent efficacy to collagen injections in a 
multicenter trial. The study randomized 355 women with SUI secondary to ISD to 
receive either Durasphere or bovine collagen. Clinicians used a significantly lower 
volume of Durasphere than collagen during injection (4.83 vs 6.23 ml, respectively). 
At one year after injection, there was no difference in pad weight or improvement in 
continence grade. After both one and two years, no evidence of particle migration 
was observed on pelvic radiographs [48]. However, after 24 months and beyond, 
Durasphere’s objective benefits diminished [49]. With respect to adverse events, 
patients in the Durasphere group experienced significantly more urinary urgency 
and transient acute retention. Otherwise, complication profiles were similar [48]. 
While most adverse effects are self-limited, other serious complications including 
particle migration to lymph node tissue [50], periurethral abscess formation, and 
urethral prolapse [51] have been reported as well as visible staining/tattoo of vagi-
nal mucosa since the product is black in color.

Durasphere has also been used in combination with Contigen. In a study compar-
ing women who underwent combined Contigen/Durasphere injections (n = 33) with 
Contigen alone (n = 33), there was a significantly higher cure rate in the combined 
group after two weeks (72.7% vs. 39.2%). The benefits were not sustained, and dry 
rates after six months were equivalent between the combined and Contigen alone 
groups (33.3 vs 29.4%). There was no difference between groups in the need for 
subsequent anti-incontinence procedures [52].

 Cross-Linked Polydimethylsiloxane (Macroplastique™)

Macroplastique™ (Cogentix Medical, Orangeburg, New York, USA) is a silicone 
polymer containing cross-linked polydimethylsiloxane elastomer particles sus-
pended in a polyvinylpyrrolidone hydrogel carrier. After injection, the Macroplastique 
deposit is enveloped in a fibrin capsule, which is infiltrated with collagen. The 
hydrogel is absorbed and excreted by the kidneys [53]. The nondegradable particles, 
approximately 110 μm in size, remain in place after the gel carrier dissolves [5, 54].

The most compelling data demonstrating Macroplastique’s efficacy was 
described in a trial of 247 women with SUI secondary to ISD who were randomized 
to receive transurethral injection of either Macroplastique or Contigen. At 12 months, 
the Macroplastique group demonstrated a significantly higher dry rate than the 
Contigen group (36.9% vs 24.8%). More patients in the Macroplastique cohort also 
improved by at least one Stamey grade (61.5% vs 48%). Both cohorts exhibited a 
reduction in urine loss from baseline, although there was no distinguishable 
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difference from each other. The number and volume of injections between groups 
were also equivalent. Both groups had similar rates of treatment-related adverse 
events. The most common side effects included UTI, lower urinary tract symptoms, 
urinary retention, and implantation site pain. Three patients experienced urethral 
erosion (two in the Macroplastique group and one in the Contigen group) [54]. After 
two years of follow-up, 84% of patients reported continued improvement from their 
treatment, 67% of whom were dry. Incontinence quality of life (I-QoL) scores and 
mean pad weight also remained significantly improved from baseline. There were 
no treatment-related adverse events during the follow-up period [53].

A subsequent systematic review combining data from 958 women with SUI who 
underwent Macroplastique injection demonstrated short-term, mid-term, and long- 
term dry rates of 43%, 37%, and 36% and improvement rates of 75%, 73%, and 
64%, respectively. The median reinjection rate was 30%, with 63% of those patients 
reporting symptomatic improvement from SUI. Adverse events were all minor, such 
as transient urinary retention, urge incontinence, UTI, dysuria, and hematuria [55]. 
However, despite an overall favorable complication profile, a number of rare and 
serious complications were described including extrusion secondary to suspected 
immune reaction, bladder neck and urethral erosion, and suburethral, vaginal, and 
bladder mass formation [56–60]. Several other studies have demonstrated 
Macroplastique’s durable response with cure rates ranging from 47 to 49% after two 
to three years. While many patients require more than one injection, most objective 
improvement rates remain stable after six months. There are also sustained decreases 
in daily pad weight after several years of follow-up [61–63].

Macroplastique may also be useful in patients with SUI after hysterectomy. In a 
study of 24 cervical cancer patients who underwent radical hysterectomy with 
resultant SUI, Macroplastique injection was associated with a 42% dry rate and 
42% improvement rate after one year. Failure was correlated with presence of ure-
thral hypermobility [64].

 Polyacrylamide Hydrogel (Bulkamid™, Aquamid ™)

Bulkamid™ and Aquamid™ (Contura International A/S, Soeborg, Denmark) are 
derived from a nondegradable hydrogel containing 97.5% nonpyrogenic water and 
2.5% cross-linked polyacrylamide [7]. The viscoelastic, hydrophilic nature of poly-
acrylamide hydrogel allows it to exchange water molecules, nutrients, and waste 
with the surrounding host tissue matrix [5]. Over several years, the hydrogel is 
invaded by macrophages and giant cells which are then replaced by a permanent 
network of thin fibers and vessels [65] to prevent migration [66].

The effects of Bulkamid have been investigated in a number of settings including 
SUI, mixed incontinence, and vulnerable patients. With respect to treatment for SUI 
and MUI, a systematic review of mostly observational studies revealed improve-
ments in the number of incontinence episodes, quantity of urine leakage, and quality 
of life after Bulkamid injection. The overall reinjection was calculated to be 24.3%. 
Complications were mostly minor including pain at injection site, UTI, hematuria, 
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and transient acute urinary retention [67]. Rare serious adverse events included 
abscess formation and urethral mucous membrane rupture at injection site [67–69]. 
The only randomized double-arm study included was a multicenter trial demonstrat-
ing the non-inferiority of polyacrylamide hydrogel to Contigen for treatment of SUI 
or stress-predominant MUI. After one-year postinjection, cure/improvement rates 
were 77.1% and 70% for the polyacrylamide hydrogel and Contigen groups, respec-
tively. There was no difference in complication rates between cohorts, which were 
mostly limited to minor, transient lower urinary tract symptoms, urinary retention, 
and de novo incontinence. Only one serious treatment- related adverse effect, tran-
sient hematuria, was reported in the polyacrylamide hydrogel group [8]. On post hoc 
analysis, a 90% treatment effect rate and 38% cure rate were seen in women over 
age 60, compared to just a 13% cure rate for younger women [10].

In addition to improving incontinence, Bulkamid has been shown to have a posi-
tive effect on sexual activity. Leone Roberti Maggiore et al. described the effects 
Bulkamid injection on sexual function in 29 women with SUI. After one year of 
follow-up, 100% of the 23 previously sexually active patients were able to resume 
sexual activity after injection. These women reported less incontinence or fear of 
incontinence during intercourse, improvement in desire, climax, and satisfaction 
with their sex lives. The remaining six nonsexually active women were able to rees-
tablish sexual activity as well [70].

Bulkamid has also been successfully utilized in a number of special populations 
including octogenarians and postradiation patients [71, 72]. In a group of 20 octo-
genarians with a mean age of 84.5 years old, Vecchioli-Scaldazza et  al. found a 
significant reduction in urine lost with a cough stress test and number of pads needed 
after two years after Bulkamid injection. Quality of life scores and urodynamic 
parameters, including abdominal leak point pressure, mean urethral closure pres-
sure, and urethral length also improved [72]. Krhut et al. administered Bulkamid to 
46 women with a history of a gynecologic cancer with resultant SUI treated with 
and without pelvic radiotherapy. After injection, cure rates for the radiation group 
and non-radiation group were 25% and 36.4%, respectively, and no severe adverse 
events were reported [71]. Taken together, these findings highlight how polyacryl-
amide hydrogel can be a useful tool with minimal risk in vulnerable patients with 
incontinence.

 Polydimethylsiloxane (Urolastic™)

Urolastic (Urogyn BV, Nijmegen, The Netherlands) is a synthetic compound con-
taining vinyl dimethyl terminated polydimethylsiloxane polymer, a tetrapropoxysi-
lane cross-linking material, and a platinum divinyltetramethyl siloxane complex 
catalyst. The addition of titanium dioxide radio-opacifies this bulking agent [73]. 
Unlike Macroplastique, the Urolastic deposit does not contain any particles and is 
injected as a liquid. Once the liquid hardens, it is encircled in scar tissue and does 
not degrade, lose volume, or migrate over time [74]. Currently, Urolastic is only 
approved for usage in Europe.
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The efficacy and complication profile of Urolastic for treating SUI has been 
described in a few small series [73–77]. Zajda et al. reported on 20 women with SUI 
who underwent Urolastic injection, 35% of whom required a second injection. After 
12 and 24 months of follow-up, 68% and 45% of patients remained dry, respec-
tively. Eighty-nine percent of patients reported improved continence after 12 months 
which was reduced to 66% at two years [74, 77]. Minor complications occurred in 
30% of patients, which included hematoma formation, urinary retention, and dyspa-
reunia or vaginal pain requiring removal of the deposit [74]. At 24 months, four out 
of 18 patients included in the follow-up analysis underwent implant removal because 
of dyspareunia and suboptimal dryness [77]. Likewise, Futyma et  al. performed 
Urolastic injection on 105 women with either primary or recurrent SUI.  After 
12 months, objective success rates, defined as negative pad and cough stress tests, 
were 71.4% and 59.3% in the primary and recurrent groups, respectively. The over-
all reinjection rate was 17%. Four out of 10 patients with urinary retention required 
implant excision [75]. After 24 months, those with recurrent SUI had a 22.4% cure 
rate, with 32.7% reporting objective success (either cure or improvement) [76].

Urolastic has also been trialed in women who are medically unfit for surgery. 
Kowalik et al. evaluated the effects of Urolastic periurethral injection in 20 women 
deemed unfit for a MUS. Five patients required a second injection due to persistent 
incontinence, three of which required removal of the bulking agent from the first 
injection. Six months postinjection, 90% of patients reported subjective symptom-
atic improvement, and 65% of patients had a negative cough stress test. Health- 
related quality of life scores improved significantly in all domains, as measured by 
the Urogenital Distress Inventory (UDI-6) and the Incontinence Impact Questionnaire 
(IIQ-7). Peri-procedural complications included hematoma formation, pain, and 
injection of the UBA at epithelial surface requiring excision. Reported adverse 
events were all managed in the outpatient setting and included urinary retention 
immediately after injection, bulking material exposure, and spontaneous loss of 
bulking material [73].

Long-term success of Urolastic appears comparable to other bulking agents. In a 
systematic review with follow-up between six and 24 months, objective cure rates 
ranged between 32.7% and 67% with a pooled rate of 57%. The pooled subjective 
improvement rate was 84%. A second injection was required in 16.7%–35% of 
study cohorts. The pooled complication rate was 36%, the most common of which 
was urgency, post-void residual greater than 150 ml, and exposure or erosion [78]. 
Ultimately up to 18% of patients may require excision of Urolastic for persistent 
pain, exposure, or erosion [79].

 The Use of UBAs Compared with Other 
Anti-Incontinence Procedures

Practices for managing SUI widely vary among clinicians, as there is no accepted 
standardized algorithm. The 2017 American Urological Association/Society of 
Urodynamics, Female Pelvic Medicine, and Urogenital Reconstruction (AUA/
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SUFU) Guidelines for SUI state that in index patients with SUI considering surgical 
treatment, clinicians may offer UBAs as well as synthetic MUS, autologous fascial 
pubovaginal sling, or a Burch colposuspension. The Guidelines also state that UBAs 
may be offered to non-index patients with ISD in addition to retropubic MUS and 
pubovaginal slings. No recommendations are given with respect to the order in 
which these treatment options should be trialed, although the discussion statement 
does express that UBAs should be offered to patients who want a minimally inva-
sive procedure and acknowledges that repeat injections are common [80]. Similarly, 
the European Association of Urology (EAU) 2018 Guidelines on urinary inconti-
nence state that bulking agents should be offered to women with SUI who desire a 
low-risk procedure and understand that they will likely require repeat injections [81].

The precise location in which UBAs should fall on the SUI surgical management 
decision tree is unknown. This ambiguity is likely due to a paucity of randomized 
prospective studies comparing UBAs to other anti-incontinence procedures [82].

In a 2015 systematic review and meta-analysis, the authors identified just three 
studies comparing UBAs to other anti-incontinence procedures, only two of which 
were randomized control trials. The analysis concluded that UBAs are associated with 
significantly higher objective recurrence rates for both primary and recurrent SUI 
when compared with other anti-incontinence procedures, which included pubovaginal 
slings, MUS, bladder neck suspensions, and Burch colposuspensions. UBAs were 
associated with less voiding dysfunction. However, the small size of this meta- analysis 
and numerous other limitations highlight the need for additional comparative data [82].

More recently, a trial randomized 224 women with primary SUI to receive either 
tension-free vaginal tape (n = 111) or polyacrylamide hydrogel injection (n = 113). 
After one year of follow-up, patients who underwent MUS reported higher patient 
satisfaction scores and higher rates of dryness as measured by a negative cough 
stress test compared with those who underwent polyacrylamide hydrogel injection 
(95% vs 66.4%, respectively). Women in both groups exhibited improved sexual 
function and health-related quality of life, particularly in the domains of physical 
and social functioning. However, MUS was associated with a higher rate of periop-
erative complications and reoperations [11, 83]. Therefore, it is important to coun-
sel patients with SUI on both options, as some patients may be willing to accept the 
trade-off between lower cure rates with UBAs and higher complication rates associ-
ated with MUS [84]. Ultimately, more prospective data comparing UBAs to other 
anti-incontinence procedures evaluated in diverse patient settings are needed to 
clearly define the role of UBAs in managing primary and recurrent SUI.

 UBAs as a Salvage Procedure After Failed MUS

There is currently no established gold standard or consensus for the ideal salvage 
technique after a failed MUS [66]. In a survey of the members of the International 
Urogynecological Association, UBAs were reported as the preferred salvage proce-
dure in patients without urethral hypermobility [85]. Despite the proclivity of some 
surgeons to trial UBAs for recurrent SUI after a sling, the evidence regarding the 
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efficacy and durability of UBAs as a salvage procedure for recurrent SUI after a 
failed MUS is limited to small retrospective reports and lacks high-quality evidence.

A study including 23 women who underwent salvage injection with either 
Macroplastique or Durasphere after a failed MUS demonstrated a cure rate of 34.8% 
after just 10 months, despite improved I-QoL scores and 92% perceived benefit of 
treatment [86]. Similarly, Dray et al. examined 73 patients with recurrent SUI after 
MUS placement who underwent salvage injection with either Macroplastique or 
collagen. After an average of 2.6 injections, 71% of patients reported symptomatic 
improvement, 24.7% of whom had complete resolution of SUI.  Just two of 40 
women with long-term follow-up information after a mean of 39.5 months reported 
complete resolution of SUI, although there was a significant improvement in most 
domains on the Michigan Incontinence Symptom Index (M-ISI) [18]. In an analysis 
of 17 women who underwent injection with 2 ml of Bulkamid after failed MUS, 
Clark et al. reported a 42% reinjection rate (occurring between 10 and 46 months 
after the initial injection) but a 71% perceived rate of benefit [87]. Zivanovic et al. 
performed a retrospective observational analysis looking at 60 patients with refrac-
tory SUI or MUI after a failed MUS who underwent injection with 1 to 3 ml of 
Bulkamid. After one month, 93.3% of patients were either cured or had symptom-
atic improvement, which slightly dropped to 88.3% and 83.6% at six and 12 months, 
respectively. The most common adverse event was persistent urge urinary inconti-
nence in 20%, 16.7%, and 20% of patients after one, six, and 12 months, respec-
tively. Other adverse events were seen in a small minority of patients and included 
voiding dysfunction, UTI, de novo urgency, hematuria, injection site laceration, and 
hematoma [66].

Only one analysis has directly compared repeat MUS (n = 98) with UBA using 
either Contigen, Coaptite, or Macroplastique (n = 67) as a salvage technique after 
failed MUS.  Those who underwent UBA injection experienced a significantly 
higher risk of failure after one year of follow-up compared to repeat MUS patients 
(38.8% vs 11.2%, respectively), although there was no difference in complication 
rates [88].

UBAs have also been utilized as a salvage technique after MUS removal. 
Rodriguez et  al. evaluated 70 women who underwent UBA injection with 
Macroplastique after excision of failed MUS.  They demonstrated a 69% overall 
success rate, with an 83% subjective improvement rate and 78% reduction in pad 
usage [89]. While these studies are small, it does appear that multiple types of UBAs 
offer both subjective and objective symptomatic benefit to many women when used 
as an adjunctive salvage procedure or after MUS removal, although the benefit 
diminishes over time and may require reinjection.

 Conclusion

UBAs are an important tool in a urologist’s armamentarium for managing SUI. They 
are particularly useful in women who are not surgical candidates or who wish to 
avoid general anesthesia. Although associated with lower rates of cure than other 
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anti-incontinence procedures, UBAs demonstrate more favorable complication pro-
files. More prospective randomized data is necessary to elucidate the optimal com-
position and long-term outcomes of UBAs.
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Chapter 15
Burch Colposuspension

Ali Luck and Samantha Raffee

 Introduction

Burch colposuspension was the “gold standard” for correcting stress urinary incon-
tinence (SUI) from urethral hypermobility in the twentieth century until the advent 
of the mid-urethral sling. It was first described by John C. Burch in 1961 as he was 
trying to overcome challenges encountered while performing the Marshall- 
Marchetti- Krantz (MMK) procedure. He found that attaching the bladder neck to 
Cooper’s ligament was more robust and better able to restore the normal anatomy of 
the bladder neck [1]. The predecessor to the Burch was the MMK procedure. It is 
the attachment of the bladder neck (urethrovesical junction) to the periosteum of the 
pubic symphysis which at times did not prove to be a reliable point of attachment 
and had the risk of developing osteitis pubis. Burch and his colleagues found similar 
success rates when compared to MMK.  The MMK procedure has largely been 
replaced by the Burch colposuspension when comparative trials were performed 
showing similar efficacy with less morbidity [2].

Since it was first described, variations of the Burch colposuspension technique 
have been described. Emil A. Tanagho’s publication in 1976 made modifications, 
helping to standardize the Burch procedure [3]. It is the most widely adopted 
approach used by surgeons today. Due to advent of the minimally invasive 
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mid- urethral sling (MUS), the trend in use of Burch colposuspension has waned 
since 2000 [4]. In 2008, the US Food and Drug Administration (FDA) investigated 
the use of polypropylene synthetic mesh for MUS and pelvic organ prolapse. It was 
not until 2013 that the FDA declared that the multi-incision sling procedure was 
safe and effective for up to one year [5]. In the 5 years that lapsed as synthetic mesh 
was being investigated, there was confusion separating the use of synthetic mesh for 
MUS and prolapse portrayed in the media. The medical legal entities became 
involved, strategically targeting patients that had received the MUS. Patients gave 
pause to the most common surgical treatment for SUI. Some nations went as far as 
banning use of all synthetic mesh [6]. Patients were now looking for alternative non- 
mesh procedures to surgically correct SUI. It was also at this time that pelvic floor 
surgeons started to revisit the use of the Burch colposuspension procedure.

This procedure has had proven safety and efficacy for more than 20 years. It has 
been adapted to the laparoscopic and robotic platform. Indications for the use of the 
Burch include providing an alternative to synthetic mesh and an option to be used 
during concomitant open surgery, such as an abdominal hysterectomy.

This chapter will cover the techniques to perform the Burch procedure and 
explore theories on how it treats SUI, its reported safety, efficacy, and complica-
tions. The technique described will be for an open approach; however, the laparo-
scopic principles are the same once the retropubic space is accessed. Other chapters 
in this book have addressed in detail other surgical treatments and the nonsurgical 
treatments for SUI.

 Mechanism of Action

The exact mechanism of Burch colposuspension has yet to be elucidated. Two duel-
ing theories exist. The first suggests that the pressure transmission is better distrib-
uted along the urethra when the bladder neck is stabilized above the pelvic floor, 
restoring normal anatomy [7]. The second theory states that changes occurring in 
the urethra lead to higher urethral resistance and subsequent continence [8]. 
Retropubic procedures evolved out of what is now the anatomic theory, explaining 
the etiology of SUI set forth by Dr. Victor Bonney. In 1923, he published a paper, 
“On Diurnal Incontinence of Urine in Women,” describing SUI and theorized that 
SUI occurs due to the defect in the support of the bladder neck. In this paper, it is 
quoted that “Incontinence appears to be due to the laxity of the front part of the 
pubo-cervical muscle-sheet, so that it yields under sudden pressure and allows the 
bladder to slip down behind the symphysis pubis and the urethra to carry down-
wards and forwards by wheeling round the sub-pubic angle” [9]. Bonney’s work set 
the stage for other investigators to follow. With the radiographic innovation in the 
1930s, the watch-chain cystogram was used by investigators to study the bladder 
neck of patients with SUI and noticed what was described as a “funneling of the 
bladder floor” [10]. It was deduced that funneling of the bladder neck led to weak-
ness and ultimately, SUI. It may not necessarily be the defect in the support of the 
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bladder by the vagina and surrounding periurethral which cause SUI but rather 
problems with the urethral sphincter itself.

The idea that the defect may be due to the urethral sphincter was then further 
investigated by Barnes (1940) and Enhorning (1960) with the use of manometry, the 
predecessor to video multichannel urodynamics [10, 11]. They were able to study 
the pressure inside the urethra and noticed how pressure was being transmitted. 
They noted that when intra-abdominal pressure rose, there was poor distribution of 
this pressure along the urethra, such as when there is a sagging of the bladder neck, 
and incontinence occurred. This became the basis of the pressure transmis-
sion theory.

Burch colposuspension was theorized to be effective based on this theory. The 
suspension sutures of the Burch colposuspension would restore the anatomy of the 
bladder neck, thus making the closure of the urethral sphincter more effective and 
allow equal distribution of the pressure along the urethra, leading to continence. 
The studies that looked at this concept started in the early 1980s. Hilton and 
Stanton studied pressure transmission ratios (PTR), examining continent and 
incontinent women [12]. The PTR is calculated to be the change in urethral pres-
sure over the change in the vesical pressure expressed in percentage: 
∆U/∆V × 100%. During urodynamic testing, the pressure transmission in the ure-
thra is calculated along the length of the urethra during rest and cough provoca-
tion. It was noted that continent women had greater maintenance of transmission 
in the proximal urethra with highest PTR in the mid-urethra with values approach-
ing 100% or higher. It was determined that continence was an “all or none effect.” 
This idea was supported by their findings that patients who underwent Burch col-
posuspension had PTR approaching 100% or greater of those whose surgeries 
were deemed successful [13].

Bump et al. (1988) took a closer look at the PTR and complications after SUI 
surgery [14]. They concluded that if the PTR were close to 100%, continence was 
achieved; however, if more than 100%, this could lead to greater obstruction, result-
ing in detrusor instability. Of note, the patient population of this early study was 
small and heterogeneous with regard to the type of SUI surgeries performed. This 
continence PTR threshold concept was further explored by Rosenzweig et al. They 
examined variables of the PTR contributing to incontinence, patient characteristics 
affecting PTR, the effects of Burch colposuspension on the PTR, and whether 
changes in the PTR predicted surgical success. They noted that there was not a 
percentage that predicted continence, but rather it was dependent on changes in 
preoperative and postoperative PTR. The higher the difference between preopera-
tive and postoperative PTR, the more successful the surgery. It was also noted that 
some continent patients had PTR < 100%, suggesting that the Burch suspension 
may not have to be obstructive to be successful.

In the mid-1990s, DeLancey described the “hammock effect” tying together the 
anatomic theory and the pressure transmission theory [15]. The restoration of the 
pubocervical fascia provided the compensatory mechanism by which the urethra 
could be compressed, preventing abnormal transmission of abdominal pressure. 
DeLancey also tried to tie in the neuromuscular control of SUI. Through his cadaver 
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work, he identified that the pubocervical fascia inserted at the arcus tendineus fascia 
pelvis (ATFP) which also served as the attachment of the levator muscles. During 
increased intra-abdominal pressure, the levator muscles are activated, pulling up on 
the ATFP and pubocervical fascia to facilitate coaptation of the urethra.

In the late 1990s and early 2000s, several investigators called into the possibility 
that the colposuspension may be effective partly due to its high urethral resistance. 
Klutke et al. (1999) examined UDS parameters of patients who underwent Burch, 
modified Pereyra, and anterior repair and then plotted it on the Abrams-Griffiths 
nomogram (later named the bladder outlet obstruction index, BOOI) [16]. It was 
noted that the mean urethral resistance was significantly higher in the Burch group 
between preoperative and postoperative parameters. It was noted that only 50% of 
the patients that were considered “cured” were in the unobstructive zone and 10% 
in the obstructed zone. This led them to conclude that there may be a compensatory 
mechanism to the Burch procedure. There may not have to be an overcorrection of 
the bladder neck, which can lead to voiding dysfunction, to achieve continence. 
This observation was also seen in the large, randomized control trial of 655 women 
undergoing the Burch colposuspension or autologous sling, the Stress Incontinence 
Surgical Treatment Efficacy Trial (SISTEr) [17]. The BOOI was higher after under-
going Burch and the autologous fascial sling. The autologous fascial sling had a 
higher BOOI score and likely explaining the higher number of patients with voiding 
dysfunction in this group.

 Surgical Technique

 Anatomy

Before performing the procedure, it is important to understand the vital structures 
in the retropubic space to prevent vascular and neurologic complications. The ret-
ropubic space is an avascular space bounded by the pubic symphysis anteriorly, 
laterally by the pubic rami and the pelvic muscles (obturator internus, pubococ-
cygeus, and puborectalis) with the proximal and mid-urethra and extraperitoneal 
bladder inferiorly. The peritoneum/anterior abdominal wall serves as the roof of 
this space [18].

The vesical venous plexus is the most common site of bleeding. Pathi et  al. 
(2009) looked at 15 unembalmed female cadavers and noted that there were inter-
connections of 2–5 rows of vessels within the paravaginal connective tissue that ran 
parallel to bladder. The vital structures that should be identified prior to the dissec-
tion into this space include the obturator neurovascular bundle, accessory (aberrant) 
obturator vessels, and the external iliac vessels. The obturator canal is approxi-
mately 2 cm below the superior pubic ramus at a point 6 cm lateral from the superior 
pubic symphysis. In cadaveric studies, the accessory obturator veins can be seen 
52–70% and accessory obturator arteries in 19–34% of the time [19, 20]. Figure 15.1 
illustrates the anatomy in relation to the Burch sutures.
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 Surgical Steps

As with most pelvic floor surgeries, it is best accomplished in the supine dorsal 
lithotomy position. For the optimal placement of the Burch sutures, the surgeon will 
need one hand in the vagina to elevate the vagina and one hand in the retropubic 
space to place the sutures. Because of this, it is best to have the patient’s lower 
extremities in surgical boot stirrups (Allen stirrups, Yellowfin stirrups) versus the 
strap stirrups (candy cane stirrups). Care should be given to avoid hyperextension 
and flexion at the knees and hips and abduction and internal rotation of the hips. The 
boot stirrups will allow easier adjustment as one has to go from the abdomen to the 
vagina and vice versa during the surgery. A 16 or 20 French Foley catheter with a 20 
to 30 mL balloon will help delineate the bladder neck during dissection. A three- 
way catheter can be helpful, though not necessary to facilitate backfilling the blad-
der for visualization of the bladder. Saline or water mixed with methylene blue can 
be helpful to backfill the bladder; immediate recognition of injury to the bladder or 
urethra can be easily seen if entered with the Burch sutures. Preoperative antibiotics 
and thromboembolic prevention measures should be administered. A safety pause is 
performed prior to the start of surgery.

 1. Access to the retroperitoneal space

 (a) The abdominal skin incision may be dictated by the concomitant surgery 
such as a hysterectomy. It is possible that the rectus muscle would need to be 
split to have better access to this area. The exposure of the retropubic space 
is key to have good visualization of the vital structures. If Burch colposus-
pension is performed in isolation, a small (6–9  cm) low transverse 
Pfannenstiel incision, 2 cm above the pubic rami, can be used to provide less 
morbid access. A Cherney or Maylard incision can be made to help with 
exposure of the retropubic space, if necessary. The Cherney incision, sepa-
rating the rectus muscle at the tendinous insertion to the pubic symphysis, is 

Fig. 15.1 Retropubic 
anatomy and location of 
Burch sutures. (Reprinted 
from Pathi et al. [19]. With 
permission with minimal 
modification from 
Elselvier). (yellow arrows) 
Burch sutures at the 
bladder neck (PS) pubic 
symphysis; (OC) obturator 
canal; (EI) external Iliac 
vessels; (B) Bladder; (*) 
ischial spine; (arrowhead) 
spatial relationship of the 
right vesical venous plexus 
and its connecting branch 
to the internal iliac vein
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preferred if reattaching the rectus muscle is the goal at the end of the proce-
dure. The end of the tendinous insertion can be better approximated and 
serves as a sturdier anchor point versus having the sutures go through the 
rectus muscle itself as seen in the Maylard incision. Be cognizant of the 
inferior epigastric vessels while separating the rectus tendon from the 
pyramidalis muscle. The furthest lateral structure to identify is the obturator 
canal which can be 5–8 cm from the pubic symphysis. When using retractors 
for visualization, be cognizant of the external iliac vessels.

 2. Adequate exposure of the bladder neck and pectineal ligament (Cooper’s 
ligament)

 (a) Palpate and identify the obturator canal to prevent dissecting too laterally 
and injuring the neurovascular bundle when clearing the loose fatty areolar 
tissue off the pectineal ligament.

 (b) Start mobilizing the loose areolar tissue away from the proximal urethra and 
bladder neck while applying pressure to the bladder to bring it cephalad. Be 
methodical and gentle. Depress the tissue right behind the pubic symphysis 
approximately 2 cm on either side of the midline trying to find the avascular 
space and work laterally. Try to stay away from the midline since this is the 
area that is most vascular. Your gloved finger, back end of pickups or 
Yankauer suction can aid in this dissection.

 (c) Have the vaginal assistant start backfilling the bladder until outline of the 
bladder is obvious. The vaginal assistant should gently pull back on the 
Foley bulb to the bladder neck and place a finger on either side of the Foley 
bulb and catheter while elevating the anterior vaginal wall. This will help to 
identify how medial one can start to move the tissue away until the fibro-
muscular layer (endopelvic fascia) of the vagina is identified. The fibromus-
cular layer of the vagina should be white, almost glistening in nature. Be 
aware of the vesical venous plexus that are running parallel to the bladder. 
The goal is to clear an area approximately 2 cm from the periurethral tissue 
on either side so that sutures can be safely placed. Excess fat can be cleared 
away with the use of radiopaque sponges mounted on the end of ring for-
ceps. If the ATFP can be identified, this should be the lateral boundary of the 
dissection.

 3. Suture placement

 (a) In the joint report on the terminology for surgical procedures to treat stress 
urinary incontinence in women by the American Urogynecologic Society 
and the International Urogynecological Association (2020), the use of 
delayed absorbable or permanent sutures was advocated [21]. Non-braided 
sutures are preferred to avoid future sinus track formation. The authors pre-
fer monofilament permanent sutures, 0-polypropylene. The preference for 
permanent sutures was standardized in the SISTEr trial [17], and permanent 
sutures may decrease the possibility of postoperative voiding dysfunction. If 
using delayed absorbable suture, tensioning of sutures should not leave 
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space between the bladder neck and pectineal ligament. There is a theoreti-
cal risk that if the suture reabsorbs before scar formation, then the colposus-
pension may not be effective.

 (b) With the surgeon’s nondominant finger in the vagina, elevating the bladder 
neck, place the most distal suture at the proximal 1/3 of the urethra, 2 cm 
lateral to the urethra, through the fibromuscular layer of the vagina. Avoid 
perforation of the vaginal epithelium. Bring the suture through the ipsilat-
eral pectineal ligament at the same level and place a tag. The second suture 
should be placed at the bladder neck, 2 cm lateral to the urethra in a similar 
fashion and brought through the ipsilateral pectineal ligament. An anatomic 
gross dissection study by J. Hamner et al. (2018) demonstrated a “zone of 
safety” 2 cm from the periurethral tissue to the ATFP at the level of the blad-
der neck [18].

A figure of eight should be taken through the fibromuscular layer of the 
vagina to decrease the risk of sutures pulling through. To avoid injury to the 
surgeon’s finger, a stainless-steel thimble can be placed over the surgeon’s 
finger [22]. Place the sutures on the contralateral side in a similar fashion 
and secure a tag until cystoscopy has been performed.

 (c) Cystoscopy should be performed. Tension and tie down the sutures after 
cystoscopy has been performed to confirm that the sutures did not perforate 
the urethra and bladder. Leave a 2–3 cm suture bridge between the periure-
thral tissue and the pectineal ligament when tying the sutures. The goal of 
the procedure is to correct the hypermobility of the bladder neck and not 
over elevate the bladder neck leading to obstruction. Tighter is not better. 
Figure 15.1 shows a drawing depicting the relationship of the sutures to the 
surrounding vital structures in the retropubic space.

 (d) When bleeding is encountered, there are several options to secure hemosta-
sis. If bleeding occurs while placing sutures through the fibromuscular layer 
of the vagina, the offending suture can be tied by the abdominal surgical 
assistant before being brought through to the pectineal ligament. It is most 
likely venous bleeding from the vesical venous plexus thus applying pres-
sure by compressing with the vaginal and abdominal hand can help. If mas-
sive bleeding is encountered and it is believed to be from the vesical venous 
plexus, an intentional cystotomy, for direct intravesical visualization, can be 
performed so that the hemostatic sutures will not compromise the bladder or 
ureters. A hemostatic agent should be placed in this area when concerned for 
bleeding. A surgical drain can be placed if a large amount bleeding was 
encountered and there is concern for a hematoma at the closure of the 
procedure.

 4. Reapproximating the abdominal incision
The classical Cherney was originally described with reattachment of the mus-

cles to its tendinous insertion at the pubic symphysis [23]. There is a lack of data 
on the outcomes regarding pain with or without reattachment of the muscles. 
The authors prefer to reattach the muscles to its tendinous insertion. The rectus 
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muscle is grasp with a Kelly clamp and pulled toward the pubic rami. A horizon-
tal mattress suture using a delayed absorbable or permanent suture is brought 
through the rectus muscle tendon sheath at the muscle end and then through the 
cut tendinous insertion at the pubic symphysis and secured. A similar attachment 
should be performed on the contralateral rectus muscle if they were split. The 
peritoneum should be closed if combined with an intraperitoneal procedure. The 
fascia and skin are closed in the usual fashion.

 5. Bladder drainage
A 16 Fr Foley catheter should be left in place at the end of the procedure with 

voiding trial on postoperative day one.

 Surgical Outcomes

With the development of the Burch colposuspension occurring in 1961, a wealth of 
long-term data is available in regard to its efficacy and overall outcomes. Further, it 
has served as a benchmark for comparison with the development of other anti- 
incontinence procedures such as the pubovaginal and mid-urethral slings. A 2017 
Cochrane review of open retropubic colposuspension examined 231 full-text arti-
cles, ultimately including 152 reports (55 studies) in a qualitative analysis and 142 
reports (50 studies) in a quantitative analysis [2]. This review concluded that conti-
nence within the first year after treatment is approximately 85–90% while conti-
nence after 5 years drops to approximately 80% [2]. Randomized data has largely 
been made available from the Stress Incontinence Surgical Treatment Efficacy Trial 
(SISTEr), a multicenter, randomized control trial comparing Burch colposuspen-
sion and fascial sling procedures. The initial publication reported two-year patient 
satisfaction of 78% and 86%, for the Burch colposuspension and fascial sling, 
respectively [17]. This cohort was later evaluated at five years with the E-SISTEr 
trial reporting patient satisfaction of 73% for the Burch colposuspension and 83% 
for patients that had received a fascial sling [24]. Though the satisfaction rates were 
relatively high, the rates of success specific to stress incontinence were reported at 
66% for the fascial sling and 49% for the Burch colposuspension at 2 years [17]. 
This lower success rate was felt to be secondary to their stricter definition of success 
using a composite outcome measure, as opposed to one single outcome measure. 
Additionally, the discrepancy between subjective and objective outcomes was dras-
tic, pointing to the multiple factors that influence a patient’s interpretation of surgi-
cal success [17]. Kupasertkul et  al. reported 15-year outcomes from a single 
participating institution with three out of 21 patients undergoing reoperation (two 
Burch, one fascial sling) [25]. Alcalay et al. reported a cure of incontinence follow-
ing a Burch colposuspension at 10–20 years being 69% [26].

Minimally invasive sling procedures and laparoscopic Burch colposuspension 
procedures provide similar success rates to open Burch colposuspension when 
reviewed in the 2017 Cochrane review [2]. Studies comparing the Burch colposus-
pension to the TVT and TOT reported similar subjective cure rates of 70–85% at 2 
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and 5 years [27–29]. However, a study comparing 12-year data at a single institution 
did identify a difference in success between TVT and Burch colposuspension with 
14/127 (Burch) and 3/180 (TVT), undergoing repeat urinary incontinence surgery 
(p < 0.001) [30]. Additionally, a meta-analysis of randomized control trials compar-
ing anti-incontinence procedures concluded that patients receiving a mid-urethral 
sling had significantly higher overall (82% vs 74%) and objective continence rates 
(79.7% vs 67.8%) than those receiving an open Burch colposuspension [31]. More 
data is likely needed to further elucidate if there is a difference between open and 
laparoscopic colposuspension at a long-term follow-up, as the longest follow-up in 
the Cochrane review was a small study at 5–7 years with results favoring the lapa-
roscopic approach but not reaching significance [2]. See Table 15.1 for a summary 
of select study outcomes.

With lower objective cure rates, efforts have been made to understand factors 
associated with poor outcomes. Preoperative weight greater than 80 kg, previous 
bladder neck surgery, intraoperative blood loss greater than one liter, and the devel-
opment of postoperative detrusor instability have been associated with decreased 
success [27]. Further, a retrospective evaluation of 258 patients who underwent a 
Burch colposuspension showed age, parity, menopausal status, use of hormone 
replacement therapy, previous hysterectomy, and occurrence of postoperative com-
plications did not significantly influence the failure rate [32].

Traditionally, the Burch colposuspension has been used for patients with urethral 
hypermobility. Intrinsic sphincter deficiency (ISD), defined as urodynamic Valsalva 
leak point pressure less than 60 mm Hg, has been shown to be a risk factor for surgi-
cal failure [33]. However, Hsieh et al. showed 21/24 patients with ISD were conti-
nent on postoperative cystometry, arguing that low Valsalva leak point pressure 
alone, without other parameters associated with ISD (e.g., maximum urethral clo-
sure pressure less than 20 mg Hg), is not an independent risk factor for surgical 
failure [34].

Burch colposuspension has been used as a secondary procedure in the setting of 
failed anti-incontinence surgeries. A small retrospective review of 16 patients that 
underwent laparoscopic Burch colposuspension after a failed mid-urethral sling 
reported objective and subjective cure rates of 54.5% and 92.9%, respectively, at a 
median follow-up of 24.5 months [35]. Agur et al. noted no significant difference 
between Burch colposuspension and retropubic mid-urethral sling in a systematic 
review and meta-analysis of the management of recurrent stress urinary inconti-
nence [36].

 Complications and Adverse Events

The open Burch colposuspension, though more invasive than other anti- incontinence 
procedures, has not been shown to have significantly higher morbidity or complica-
tion rates [2]. Dimerci et al. described risk of bleeding secondary to dissection in the 
wrong plane involving paravaginal veins. Their review noted a risk of transfusion or 
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hematoma being 0.02–4.8% with one surprising study showing a transfusion rate of 
33% [37]. Decreased blood loss has been found using a laparoscopic approach, 
however, with the tradeoff of longer reported operative time [38, 39]. The most 
common serious adverse events reported in the SISTEr trial included incidental 
cystotomy (3%) and wound complications requiring surgical intervention (4%). 
Overall, the most common adverse event was urinary tract infection (62%), though 
significantly less than those that received a fascial sling (93%) [17].

An important risk that patients must be counseled on prior to any anti- incontinence 
procedure is postoperative voiding dysfunction. This can be difficult to quantify due 
to various definitions and amount of time postoperatively that these symptoms are 
considered. Because of this, a large range of postoperative urinary retention (0–24%) 
has been reported, though only 3% were reported as permanent need for self- 
catheterization [37]. Further, preoperative urodynamic testing was not shown to be 
predictive of postoperative voiding dysfunction [40].

In addition to difficulty emptying, new onset or worsening urgency, frequency, 
and urge urinary incontinence can occur after surgical intervention. De novo detru-
sor instability has been reported at 3–8% after a Burch colposuspension [41]. Of the 
174 women that underwent a Burch colposuspension in the E-SISTEr trial and com-
pleted the 5-year follow-up, 29 had persistent urge urinary incontinence, and seven 
had de novo urge urinary incontinence [25]. This rate of de novo urge urinary incon-
tinence was similar to that reported by Ward et al. at 5 years (4%) [42].

Burch’s original article describing his colposuspension suggested a correlation 
with the development of vaginal prolapse postoperatively, specifically enterocele, 
though the numbers were small [1]. Further studies have supported this finding over 
the years. Wiskind et al. showed 26.7% of their cohort (131 patients) required oper-
ative correction of genital prolapse postoperatively [43]. Another study of 109 
patients showed 30% required rectocele or enterocele repair during the 10–20 years 
follow-up period [26]. In a study comparing patients with recurrent incontinence 
after a Burch colposuspension to those without recurrence, it was found that incon-
tinent patients had significantly higher postoperative cystocele and rectoceles, while 
the rate of enteroceles was similar (24%) [44]. When comparing Burch to synthetic 
mid-urethral sling procedures, similar outcomes have been noted [42].

 Conclusion

Burch colposuspension is a well-studied procedure for hypermobile stress urinary 
incontinence proven to be safe and effective. It is a suitable primary procedure for 
the non-morbidly obese patient who desires an alternative to mesh. Laparoscopic 
adaption of the Burch is likely to decrease pain, blood loss, and quicker return to 
daily activity; however, more research is needed to look at its long-term safety and 
efficacy. As with any anti-incontinence surgery, patient should be counseled on the 
development of de novo urgency, frequency, and urge incontinence.
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Chapter 16
The Innovation of Midurethral Slings: 
Where We’ve Been and Where We Are 
Today

Suzette E. Sutherland and Ellen C. Thompson

 Introduction

The innovation leading to the development of mid-urethral slings (MUS) revolu-
tionized our thinking about, and subsequent treatment for, female stress urinary 
incontinence (SUI). Today the mid-urethral sling is the most widely studied and 
performed surgical treatment for female stress urinary incontinence, with almost 
20 years of outcome data available in the medical literature and with over ten mil-
lion cases worldwide (IUGA global). The risk/benefit ratio has been reported as one 
of the safest and most efficacious surgical treatments for female stress urinary 
incontinence to date, such that the American Urogynecologic Society (AUGS) and 
the Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction 
(SUFU), the American Urological Association (AUA), the European Association of 
Urology (EAU) and European Urogynecological Association (EUGA), and the 
International Urogynecological Association (IUGA) have all published position 
statements declaring the mid-urethral sling the standard of care for the surgical 
treatment for female stress urinary incontinence [4, 5, 14, 51, 52].

Although uncommon, severe complications have occurred and have received 
widespread amplification through widely publicized litigation and social media. 
With respect to polypropylene MUS for SUI, the FDA in 2013 clearly stated “the 
safety and effectiveness of multi-incision slings is well established in clinical trials” 
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[35]. With ongoing efforts of vocal anti-mesh groups, unsubstantiated notions of 
implanted mesh leading to autoimmune diseases [15] and cancer [15, 16, 61, 62], it 
is not inconceivable that the MUS could one day no longer be available. 
Unfortunately, the elimination of MUS could essentially put women at a greater 
surgical safety risk by denying them a highly effective, yet minimally invasive pro-
cedure for SUI, forcing them to seek more invasive surgical alternatives.

This chapter hopes to present the rationale for the appropriate ongoing use of the 
mid-urethral sling and the innovative evolution from the initial retropubic transvagi-
nal tape (TVT) device—to the transobturator tape (TOT) version—to the single- 
incision sling (SIS) and to provide evidence-based support through contemporary 
comparative data that describes the performance of current generation slings as they 
compare to other traditional incontinence procedures, all with their associated risks, 
benefits, and outcomes when performed by trained surgeons.

 Stress Urinary Incontinence: Historical Pearls

To understand the truly innovative conceptual thinking that led to the development 
of the mid-urethral sling, it proves helpful to take a step back and review the histori-
cal theories throughout the twentieth century concerning the pathophysiological 
mechanisms of SUI that subsequently led to the development of prior anti- 
incontinence procedures. Advances in understanding of the pathophysiology of uri-
nary incontinence have gone hand in hand with advances in technology and surgical 
treatment of SUI. For generations, SUI has presented both conceptual and therapeu-
tic challenges to physicians  [54]. Topics of study concerning the potential etiolo-
gies for SUI have included intrabdominal pressure changes during Valsalva- related 
physical maneuvers, loss of support through weakening pelvic floor muscles and 
ligamentous structures, changes in intrinsic urinary sphincter properties resulting in 
urethral coaptation deficiency, complex voiding neurophysiological factors leading 
to urethral sphincter denervation, and of course including the myriad interrelation-
ships among these (See Table 16.1).

Very early surgical techniques focused on reinforcing urethral sphincter 
strength by encircling the urethra with gracilis or pyramidal muscle or through 
fascial flaps [95]. In the early 1900s, improvements in cystoscopy allowed Kelly 
to visualize and describe the structure of the internal and external urinary sphinc-
ters, noting a compromised internal sphincter with subsequent bladder neck fun-
neling in patients with SUI [55]. He developed the Kelly plication technique [9], 
which reinforced the proximal urethra-bladder neck support by creating a narrow 
posterior urethra-vesical angle through midline plication of peri-urethral and 
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Table 16.1 Summary: innovation leading to SUI treatment designs

Year Innovation SUI treatment

1900s Sphincter muscle defect Muscle “sling”
Urethral wrap with gracilis or pyramidalis 
muscle

1910s Internal sphincter defect 
leading to BN funneling

Kelly Plication
Peri-urethral/pubocervical fascia midline 
plication at prox urethra/BN

1920s–1930s Increased urethro-vesical 
angle below pubis with 
valsalva

Kelly Plication
PVS – Fascia Lata

1940s Pelvic Floor Muscle Support Kegel Exercises
1940s–1960s Pressure Transmission 

Theory
Retropubic Urethropexy
Stabilize prox urethra/BN in retropubic 
position
PVS – Rectus Fascia MMK Burch

1960s–1970s Minimally invasive 
techniques

Retropubic Needle
Suspensions

Still stabilizing prox urethra/
BN complex

Pereyra
Stamey
Raz

1980s Concept of ISD
due to sphincter denervation;

UHM = Kelly, Burch

Dichotomy of SUI theory
UHM vs ISD

ISD = PVS

1990s Hammock Theory
Integration of muscle, fascia 
and neurological component

PVS – Rectus Fascia
“Gold Standard”
Addressing both UHM and IDS

1990s Integral Theory
Ligamentous and Muscular 
support drive function

MUS dynamic “kinking” at midurethra

TVT (RPS) in US 1996
2000s Improve safety of MUS by 

avoiding the retropubic space
TOT in US 2001
SIS in US 2006

2008, 2011 FDA – safety notifications 
transvaginal mesh for SUI 
and POP

MUS
PVS

2014, updated 
2016 and 2017

Societal Position Statements
in support of mesh MUS
AUGS/SUFU/AUA
EAU/EUGA

Support RPS and TOT “Gold Standard”

IUGA Global Statement Data on SIS still too immature
2017 SUFU/AUA guidelines for 

SUI
For Index Patient
MUS
PVS – good option, especially for more 
complex patients, but with increased risk
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pubocervical fascia. In spite of its fairly high failure rate of up to 30% at 1 year 
[46], the Kelly plication was utilized for many decades [95]. In the 1920s–1930s, 
Bonney continued this focus on the proximal urethra, noting a loss of peri-urethral 
support and increased urethra-vesicle angle that allowed the bladder to drop below 
the pubis during Valsalva-related activities in patients with SUI [23]. Kegel, in the 
1940s–1950s, brought a new focus on the pelvic floor musculature, which had a 
lasting impact on pelvic floor physical rehabilitation, and today remains a main-
stay of nonsurgical treatment for urinary incontinence, as well as many other pel-
vic floor disorders [54]. In the 1960s Enhoerning focused on pressure transmission 
to the bladder and urethra during events of physical stress, seeming to validate 
surgical techniques that attempted to preserve an intra-abdominal position of the 
proximal urethra in order to prevent urinary leakage [30, 31]. Procedures like the 
fascial pubovaginal sling (fascia lata,1933; rectus fascia,1942 [2]) and the retro-
pubic urethropexies (Marshall-Marchetti-Krantz (MMK),1949 [71]; Burch colpo-
suspension,1961 [12]) relied upon an understanding of continence through 
stabilization of the proximal urethra in a retropubic position [107] and were all in 
common use during this time. Less invasive urethropexy options were tried 
(Pereyra [86], Stamey needle suspension [100, 101], Raz urethropexy [89] and 
Raz four-corner suspension [90]), but did not hold up well over time and were 
aborted. A Cochran review evaluating needle suspension urethropexies again 
noted an almost 30% failure rate at just 1 year [46].

In the 1980s, denervation injury to the urethral sphincter mechanism was further 
described and termed intrinsic sphincter deficiency (ISD) [107], thereby dichoto-
mizing the etiological theories about SUI: anatomical (lack of support leading to 
urethral hypermobility) versus functional (denervation injury leading to ISD). This 
further led to a treatment dichotomy with the use of the Kelly plication and Burch 
colposuspension for patients with urethral hypermobility and the pubovaginal sling 
(autologous rectus fascial PVS, as described by Blaivas [10]) for those with con-
comitant ISD [72–74]. DeLancey’s “Hammock Theory” in the 1990s described the 
importance of all components together—muscular, fascial and neurological—for 
maintaining continence [25, 26]. This further supported the use of the pubovaginal 
sling (PVS) for SUI as it was able to address both urethral hypermobility and con-
current ISD [13] and was therefore considered the “gold standard” for surgical treat-
ment of SUI in the mid-to-late 1990s.

And then came the integral theory, by Petros and Ulmsten [87], and the innova-
tion that led to the mid-urethral sling.
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 Integral Theory

While early surgical approaches relied upon an understanding of continence through 
stabilization of the proximal urethra/bladder neck complex in a retropubic position 
[107], integral theory, a musculoelastic theory, posited by Petros and Ulmsten in 
1990, identified an anatomic area about the mid-urethra referred to as the puboure-
thral ligament (PUL). Rather than stabilizing the entire urethra, this PUL serves to 
supports the mid-urethra during moments of increased Valsalva- related activity, 
thereby acting as a fulcrum around which the proximal urethra rotates. This allows 
for dynamic “kinking” at the mid-urethra and thereby eliminates unwanted urine 
leakage related to physical stress maneuvers, or specifically SUI (see Figs. 16.1 and 
16.2) [87].

Pubovaginal
Bladder Neck Sling

(PVS)

Mid-Urethral Sling
(MUS)

SLING PLACEMENT: Location Matters for MOA!Fig. 16.1 Sling 
Placement: Location 
matters for mechanism of 
action (MOA)

INTEGRAL THEORY:
Pubourethral Ligament (PUL)
Dynamic “Kinking” at the mid-urethra

PUL

WITH VALSALVA

Fig. 16.2 Integral theory
Ligamentous (PUL) 
stabilization of the 
mid-urethra during 
Valsalva leading to 
dynamic urethral kinking 
and maintenance of 
continence.
Mechanism of action for 
the mid-urethral slings 
(MUS)
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 Evolution of the Mid-Urethral Sling

This focus on the mid-urethra, rather than the proximal urethra/bladder neck com-
plex, challenged the traditional way of thinking about female SUI—and how to treat 
it—and provided the inspiration and innovation that gave us the first surgical syn-
thetic mid-urethral sling, the tension-free vaginal tape procedure (TVT) [103]. 
Acting as a “pseudo-pubovaginal ligament,” the synthetic mesh mid-urethral sling 
was meant to restore or reinforce the sub-urethral vaginal hammock and the para-
urethral connective tissue at the level of the mid-urethra. Tissue ingrowth into the 
sling—using the visual analogy of ivy growing on latticework—secures the sling in 
position during healing, thereby providing a backboard of support for the urethra 
during times of physical stress. This mechanism understandably works optimally in 
patients with urethral hypermobility.

The initial approach to the mid-urethral sling drew from the prior experience 
surgeons had in the retropubic (RP) space. This retropubic TVT formed a U-shaped 
sling under and along the lateral aspects of the urethra, with mesh arms extending 
up through the retropubic (RP) space, traversing directly behind the pubic bone, and 
exiting through two small stab incisions in the suprapubic region of the lower ante-
rior abdominal wall (see Fig. 16.3). With the aid of trocars, this retropubic mid- 
urethral sling (RPS) was placed starting in the vagina through a small midline 
incision under the urethra (bottom-up approach). Later technique developments 
allowed for placement of the mid-urethral sling with passage of the trocars starting 
at the abdomen and moving down to the vagina (top-down approach). Either way, 
focus on the mid-urethra lent itself to a more anatomically accessible and therefore 
less invasive target for anti-incontinence surgery through a transvaginal approach.

Efficacy of the synthetic RPS has been well established with long-term data 
extending out to almost 20 years [81]. Although infrequent, there are serious com-
plications associated with the blind retropubic trocar and mesh passage. These 
include bladder perforation which if not recognized can lead to retained mesh in the 
bladder with subsequent urinary tract infections and bladder stones, bowel injury, 

RPS

SIS

TOT

Fig. 16.3 Evolution of 
mid-urethral slings. RPS 
Retropubic sling, TOT 
Transobturator tape, SIS 
Single-incision sling
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major vessel injury, bleeding, and even death. This provided the inspiration for the 
development of a second generation sling, the transobturator tape (TOT), by 
Delorme in 2001 (see Fig. 16.3) [28]. The TOT served to place the mesh sling in the 
same mid-urethral position as the RPS, but without traversing the retropubic space. 
This was accomplished by passage of helical trocars through the obturator foramen 
and around the inferior pubic rami bilaterally, staying superior and medial in the 
obturator space to avoid the obturator nerve/artery/vein complex which is located in 
the superior-lateral aspect of the obturator foramen. By staying out of the retropubic 
space, these serious complications are theoretically avoided. With the transobturator 
approach—developed as an outside-in (obturator to vagina) or inside-out (vagina to 
obturator) approach [27]—more groin pain and mesh-related dyspareunia were ini-
tially seen. Recognizing the location of the adductor longus tendon and keeping it 
out of the trocar trajectory by proper high lithotomy position of the legs served to 
improve the incidence of postoperative groin pain. Furthermore, ensuring an ade-
quate depth and angle of dissection below the vaginal epithelium behind the inferior 
pubic rami toward the 2 and 10 o’clock positions eliminates buttonholing or scyth-
ing of the vaginal epithelium (with risk of future mesh extrusion) and mesh arm 
banding out to the vaginal side wall that could potentially lead to dyspareunia.

With proper surgical technique and allowing for the learning curve associated 
with tensioning differences between the RP and TOT approaches, these two mid- 
urethral slings have repeatedly noted comparable efficacy in contemporary random-
ized control trials [8, 19, 24, 37, 43, 59, 66, 91, 97, 104, 109].

Further innovation led to the development of a third generation mid-urethral 
sling, the single-incision sling (SIS), first introduced in 2006 (see Fig. 16.3) [76]. 
The incentive here was to avoid both RP and TO spaces and their inherent potential 
complications based on their respective designs and trocar passage. The truly novel 
aspect of the contemporary SIS is the anchoring tip that allows for a more reliable 
mechanism to secure the mesh in place during the healing tissue ingrowth process. 
The anchor is placed perpendicularly into the obturator internus muscle, in the same 
area as the TOT, without traversing the entire obturator foramen and thigh, thereby 
avoiding bleeding, bruising, hematoma formation, and pain in the thigh. Other 
advantages are a much smaller overall “mesh burden” left behind in the body, nar-
rower trocar requiring less dissection through a single 1–2 cm sub-urethral incision, 
less bleeding and postoperative discomfort, and a quicker return to work and all 
normal activities, including vigorous exercise. Most commonly performed with a 
combination of local anesthesia and IV sedation, the SIS procedure has successfully 
transitioned to an office procedure utilizing only local anesthesia in some centers 
across the United States.

The first SIS, the TVT Secur (Gynecare® [76]), launched at the International 
Urogynecological Association (IUGA) meeting in 2006, experienced unacceptably 
high failure rates due to two main issues: (1) an ineffective “anchoring” system 
based on a simple Vicryl pledget and (2) nonadherence to tighter tensioning 
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techniques as compared to the predecessor RPS and TOT. With respect to proper 
tensioning, the importance of respecting the “learning curve” has been noted when 
transitioning from an RP approach to a TOT and then from either of these to the SIS 
[57, 98, 99]. The SIS needs to be placed flat and snug against the mid-urethra with 
no spacing. The early TVT Secur failures were widely publicized, along with a very 
high medium-term failure rate of 70% at 4.5  years, and the product was subse-
quently removed from the market in 2012 [20, 21]. This unfortunately gave the SIS 
concept a bad name from the start. But further study of contemporary SIS devices 
with improved anchoring technology and adherence to proper SIS-specific tension-
ing techniques has noted vastly improved results with comparable efficacy to both 
RP and TOT, yet with minimal complications [79].

 Contemporary Comparative Data for SUI 
Surgical Treatments

As previously mentioned, the PVS was considered the “gold standard” for surgical 
treatment of SUI in the 1990s. With the addition of the mid-urethral sling to the SUI 
armamentarium, this position of the PVS has been challenged. In 2017 the American 
Urological Association (AUA) and Society of Urodynamics, Female Pelvic Medicine 
and Urogenital Reconstruction (SUFU) published guidelines for the surgical treat-
ment of SUI in the index patient and stated the following procedures should be 
considered: mid-urethral sling (synthetic), autologous fascia pubovaginal sling, 
Burch colposuspension, and urethral bulking agents [64] (see Fig. 16.4).

TREATMENT

Non-Surgical

Surgical

• Continence pessary
• Vaginal inserts
• Pelvic floor muscle exercises

• Bulking agents
• Midurethral sling (synthetic)
• Autologous fascia

pubovaginal sling
• Burch colposuspension

If a midurethral sling surgery is selected,
either the retropubic or transobturator
midurethral sling may be offered. A
single-incision sling may be offered to
index patients if they are informed as to
the immaturity of evidence regarding their
efficacy and safety. Physicians must
discuss the specific risks and benefits of
mesh as well as alternatives to a
mesh sling.

Fig. 16.4 2017 AUA/SUFU Guidelines for the treatment of female stress urinary incontinence 
(SUI). (Reprint permission granted by the AUA; Kobashi KC, et al. J Urol [64])
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The success rate of any SUI surgical treatment is dependent on the definition of 
success. Unfortunately, there is a great amount of variability within the literature 
when it comes to the definition of success, which complicates adequate compari-
sons between treatments and studies [7]. Furthermore, comparisons in success need 
to be discussed in relationship to durability, which often is not easily identifiable. 
The duration of most studies dealing with surgical intervention for SUI is just 
1 year, rarely beyond 3–5 years. For an invasive surgical procedure, this interval—
especially 1 year—is inadequate for proper counseling of patients concerning the 
anticipated durability of the intervention and likelihood of requiring repeat surgical 
intervention.

 Comparable Efficacy: Burch, Pubovaginal Slings, 
Mid-Urethral Sling

Although comparative trials have noted similar efficacy between Burch, PVS, and 
MUS at 1 year [6, 37, 43, 49, 65, 75], duration of cure has not been consistently 
appreciated with Burch or PVS to the same degree as has been seen with MUS. A 
2017 Cochrane review of various trials involving Burch colposuspension noted an 
overall 1-year success rate of 85–90% but a 5-year success of only 70% [65]. The 
SISTer Trial (Stress Incontinence Surgical Treatment Efficacy Trial), a well-
designed RCT by the Urinary Incontinence Treatment Network (UITN), compared 
Burch and PVS at 2 and 5 years. Here the stress-specific continence rates, as strictly 
defined using composite scores that included both objective and subjective mea-
sures of success (a negative cough stress test, no subjective reports of SUI, and no 
retreatment of any kind) noted superior efficacy for the PVS compared to the Burch, 
but the overall decline in efficacy over time was quite notable for both: stress-spe-
cific continence rates for PVS versus Burch at 2 years were 66% and 49%, respec-
tively, and at 5  years, only 31% and 24%, respectively [1, 11]. Another RCT 
including short 10 cm autologous fascial PVS on a string (Prolene suture) versus 
long 21 cm autologous fascial PVS (allowing for more scarification in the retropu-
bic space) again noted poor longevity with 5-year recurrence of subjective SUI at 
49% and 57%, respectively, as defined by the Urogenital Distress Inventory Short 
Form Questionnaire (UDI-6) [60].

Compared to MUS, Burch is notably inferior with respect to long-term efficacy 
and safety [43, 82]. PVS, however, has demonstrated comparable efficacy with 
MUS in some studies up to 5 years. In a recent meta-analysis involving a large num-
ber of patients (n  =  15,855) with long-term follow-up (at least 60  months), the 
superiority of MUS over both PVS and Burch was confirmed when evaluating for 
both efficacy and safety [43]. Although efficacy was deemed similar between MUS 
and PVS at 5 years, longer-term (>5 year) comparative data is still lacking.
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 Comparable Efficacy: Mid-urethral Slings (Retropubic, 
Transobturator, Single-Incision Slings)

The “full length” slings, RPS and TOT, have been studied extensively since the late 
1990s and early 2000s, respectively. The longest published study to date is Nilsson 
with 17 year follow-up describing the original TVT and noting objective and sub-
jective success of 91% and 87%, respectively [81]. A recent systematic review and 
meta-analysis on RPS and TOT noted excellent long-term efficacy as well [67]. 
Furthermore, RCTs comparing RPS and TOT exist abound, with most noting simi-
lar efficacy [8, 19, 24, 43, 59, 66, 91, 97, 104, 109]. A meta-analysis of 55 compara-
tive trials between RPS and TOT noted similar objective and subjective cure rates, 
some out to 5 years: objective success RPS 87% and TOT 86%; subjective success 
RPS 71–97% and TOT 62–98% [37]. The TOMUS trial (Trial of Mid-urethral 
Slings), in its extended analysis, noted only a slight trend toward enhanced durabil-
ity with the RPS as compared to TOT at 5 years [59]. In the case of significant 
concomitant ISD, however, the RPS does seem to fair better than TOT, with retreat-
ment at 3 years required in only 1.4% of RPS versus 20% of TOT [38, 94]. Overall, 
slightly higher longer-term rates of SUI cure have been noted with RPS compared 
to TOT but at the cost of higher intraoperative complications and postoperative 
voiding dysfunction [43].

By comparison, SIS arrived on the scene much later. A relatively recent 2017 
Cochrane review noted insufficient long-term data in the published literature to 
adequately compare SIS to the more traditional “full length” slings, the RPS and 
TOT [80]. Comparable short-term (12–24 month) efficacy and safety of the SIS was 
demonstrated, compared to RPS and TOT, which was unaffected by age, BMI, or 
obstetrical history [3, 42, 78, 79, 85]. In 2014, a meta-analysis of RCTs evaluating 
efficacy and safety of SIS (excluding TVT-Secure) compared to “full-length” slings 
(RPS and TOT) noted no significant differences in objective cure (88% vs 90%), 
subjective cure (83% vs 90%), impact on QoL, or sexual function with a mean of 
18 months follow-up [79]. But longer-term data was still lacking. Accordingly, the 
2017 AUA/SUFU Guidelines panel statement on surgical treatment for SUI reflected 
the recommendation that longer-term data were necessary before a stronger state-
ment regarding the use of SIS could be made [64].

More recently, however, there are a number of large RCTs, comparative trials, 
and systematic reviews with meta-analyses to support these initial findings of rela-
tive comparable efficacy and safety for the SIS compared to RPS and TOT [3, 41, 
69, 70, 105]. An FDA-mandated 522 post-market approval study comparing SIS to 
TOT noted comparable composite success (objective and subjective) at 3 years of 
90.4% and 88.9%, respectively [105]. A large RCT between SIS and TOT noted 
similar results at 3 years with objective and subjective cure at 89% and 86% for SIS 
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and 88% and 87% for TOT, respectively; no differences were seen between years 1, 
2, or 3 [93]. Very low risk of complications overall was seen, yet with significantly 
less postoperative pain with SIS. Similarly 3- and 5-year subjective and objective 
cure rates of 83% and 88% and 85% and 80% for SIS have been reported [69, 70]. 
And even more recently, a 10-year retrospective review of 60 patients with SIS 
noted no deterioration of efficacy over time—comparing 2 years to 10 years—with 
objective and subjective cure rates of 86% and 88%, respectively [41].

Assessing short- and long-term (6–36 months) impact of SIS (Solyx) versus TOT 
(Obtryx II) on sexual function, significant improvements in the Pelvic Organ 
Prolapse/Urinary Incontinence/Sexual Function Questionnaire (PISQ-12) scores 
were seen by both groups, owing to the elimination of SUI. Moreover, exceedingly 
rare de novo dyspareunia was noted out to 36  months (SIS 1/141; TOT 0/140, 
p = 1.00) [106]. A meta-analysis of randomized control trials of various mid-ure-
thral slings indicated single-incision slings were associated with significantly 
greater improvement in sexual function (PISQ-12) and lower postoperative pain 
when compared to traditional mid-urethral slings [33].

 Mesh Complications

Due to their proven long-term efficacy, synthetic mid-urethral slings are the most 
commonly adopted surgical procedure worldwide for female SUI. A recent 2017 
Cochrane review of MUS noted “Midurethral sling operations have been the most 
extensively researched surgical treatment for SUI in women and have a good safety 
profile. Irrespective of the routes traversed, they are highly effective in the short and 
medium term, and accruing evidence demonstrates their effectiveness in the long 
term” [37]. However, there has still been much controversy over the use of synthetic 
mesh in the vagina, primarily due to the concerns about mesh-related complica-
tions: mesh exposure (through the vaginal wall), mesh erosion (into a neighboring 
organ), infections and poor healing, dyspareunia, and pain. But despite these con-
cerns, the real risk of serious complications following mesh surgery for inconti-
nence is reportedly very low. As noted in a population-based Scottish review 
conducted over 20  years (1997–2016), there were comparatively less immediate 
and long-term (5 years) complications with mesh mid-urethral slings as compared 
to all other non-mesh anti-incontinence procedures [77]. Specifically, with respect 
to the retropubic mesh mid-urethral sling, equal efficacy to non-mesh alternatives 
was seen (up to 5 years), but the relative risk of immediate complications with the 
RPS was 50% lower than all other non-mesh procedures. At this point, there are 
over 20 years of data describing the safety and efficacy of MUS. When comparing 
the three approaches, the RPS is associated with more postoperative obstruction and 
voiding dysfunction, including de novo urgency and urge incontinence requiring 
subsequent intervention [58]. Due to the RP approach, major vascular or visceral 
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injuries, bladder or urethral perforations, and suprapubic pain have been described, 
while the TOT approach has seen more groin and thigh complications, including 
bleeding and pain [37, 102]. By comparison, SIS has seen less intraoperative inju-
ries, postoperative and long-term pain, and higher sexual function scores when 
compared to the full RPS and TOT approach  [33, 36, 79, 92, 96, 108].

What has been seen over time is the decrease in both intraoperative and postop-
erative complications associated with MUS as products evolved and improved, and 
providers gained more surgical experience and a better understanding about patient- 
related factors that may increase the risk of potential complications.

Initial reports of mesh-related complications and reoperation rates most often 
involved mesh extrusion through the vaginal epithelium. The reoperations dealt 
with excision of the exposed mesh, which most often was a very small area, and 
could be managed in the office or outpatient surgery setting, since the sling is so 
readily accessible from the introitus. In small (<1 cm) asymptomatic cases, local 
vaginal estrogen and/or no treatment-observation can be utilized in women who are 
not sexually active [48]. There have been more serious cases requiring extensive 
sling revision due to intraoperative surgical mishaps and poor healing, but these are 
uncommon. Very early reports of mesh complications were notably higher than with 
contemporary slings, with mesh exposure through the vaginal wall making up the 
vast majority of all mesh-related complications. That being said, the mesh exposure 
rate is still very low at <5%, with most managed via simple excision or expectant 
management in the otherwise asymptomatic patient [48, 68]. Likewise, reoperation 
rates overall are very low. According to a recent population- based retrospective 
review of >90,000 women receiving mid-urethral slings from 2006 to 2015  in 
England, the overall reoperation rate at 9 years for sling removal (partial or total) or 
recurrent SUI was very low at 6.9%; for sling removal only, 3.3%; and for recurrent 
SUI only, 4.5% [47].

To summarize, the current evidence points to the superiority of MUS over Burch 
and PVS for the treatment of SUI in patients with urethral hypermobility when 
evaluating for both long-term (>5 year) efficacy and safety. Although comparable 
efficacy between MUS and PVS has been demonstrated at 5 years, longer-term data 
describing further durability of PVS is lacking. And compared to MUS, PVS is 
associated with significantly more postoperative voiding dysfunction, along with 
the additional morbidity of the rectus fascial harvest.

With the mechanism of action at the bladder neck, the PVS is eloquently designed 
to address more difficult ISD-related SUI [10]. The Burch, with its comparatively 
inferior efficacy and greater morbidity associated with the open abdominal approach, 
may be recommended during salvage situations or perhaps when other open proce-
dures are already required [88].

For all three types of MUS, similar efficacy is noted between RPS, TOT, and SIS 
out to 5 years. And with all three, both surgery-related and mesh-related complica-
tions are low. The RPS is noted to have a slightly higher success rate over time but 
at a cost of more intraoperative complications (bladder and vaginal perforations) 
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and postoperative pain and voiding dysfunction. With TOT, more groin pain, vagi-
nal mesh exposure, and mesh-related dyspareunia have been seen; much less so 
with SIS.

 What About Urethral Bulking Agents?

With their mechanism of action at the bladder neck causing coaptation and increased 
resistance, urethral bulking agents have traditionally been used to treat ISD- 
associated SUI [63]. They are traditionally office-based cystoscopic procedures 
with very low morbidity, which adds to their appeal [18].

A new bulking agent, Bulkamid® (polyacrylamide hydrogel), was introduced 
into the US market in January 2020 but has already experienced widespread use in 
Europe since 2006, with good long-term results when compared to other available 
urethral bulking agents [84]. Its novelty and thus-far perceived advantage over the 
other urethral bulking agents is that it is completely non-reabsorbable, thereby pro-
viding relatively sustainable results. In spite of the enhanced durability noted, it still 
seems to provide better outcomes when used for mild-to-moderate SUI patients, 
which is similar to the other urethral bulking agents [29]. But although complete 
clinical success defined as dry rate has been low, up to 80% of patients report a 
partial response, which was deemed satisfactory. And this comes with a very low 
risk of associated adverse events that would require subsequent surgical interven-
tion. With this in mind, the question has been posed to the viability of Bulkamid® 
challenging MUS’s position as the primary treatment of choice for SUI in the index 
patient, especially for those who want to avoid the use of mesh. However, when 
compared to MUS in a recent head-to-head randomized control trial for primary 
SUI, the superiority of MUS with respect to efficacy at 1 year was significantly 
notable, both objectively and subjectively: negative cough stress test and pad test, 
TVT 95% versus Bulkamid® 66%; patient satisfaction, TVT 95% versus Bulkamid® 
60%. These outcomes include the 53% of Bulkamid® patients who received a sec-
ond injection procedure because of unsatisfactory initial results. With respect to 
adverse events requiring subsequent surgical intervention with the use of Bulkamid®, 
there were none reported, although there are many who would consider unsatisfac-
tory results requiring repeat surgery a “complication.” In the TVT group, few mesh-
related complications requiring surgical intervention were seen. As clear superiority 
of the TVT versus Bulkamid® with respect to cure rates and patient satisfaction was 
established, the conclusion was that “Tension-free vaginal tape should be offered as 
first line treatment in women who expect to be completely cured by the initial treat-
ment and are willing to accept the complication risks” [50]. For those women who 
would be satisfied with accepting lower efficacy in order to avoid the use of mesh, 
Bulkamid® is a good minimally invasive option.
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 Current Guidelines for SUI and the Worldwide Standard

The most recent 2017 AUA/SUFU Guidelines for the surgical treatment of SUI 
recommends considering the following surgical options for the index patient: mid- 
urethral sling (synthetic), autologous fascia pubovaginal sling, Burch colposuspen-
sion, and urethral bulking agents (Strong Recommendation; Evidence Level: Grade 
A). Concerning synthetic mid-urethral slings, the “full-length” RPS and TOT slings 
are specifically recommended (Moderate Recommendation; Evidence Level: Grade 
A), with the caveat for single-incision slings that the patient be “…informed as to 
the immaturity of evidence regarding their efficacy and safety” (Conditional 
Recommendation; Evidence Level: Grade B) (see Fig. 16.4) [64].

Now in 2021, good quality long-term data does exist, including the results from 
the FDA-mandated 522 studies noting equal efficacy and enhanced safety of the SIS 
compared to TOT at 3+ years [105].

Of particular importance, national and international professional and academic 
societies dealing with urogynecological procedures have all published formal posi-
tion statements endorsing the overall safety and efficacy of MUS. The American 
Urogynecologic Society (AUGS) and Society of Urodynamics, Female Pelvic 
Medicine, and Urogenital Reconstruction (SUFU) open their joint position state-
ment with “The purpose of this position statement…is to support the use of the 
midurethral sling in the surgical management of stress urinary incontinence.” They 
go on to conclude “The polypropylene mesh midurethral sling is the recognized 
worldwide standard of care for the surgical treatment of stress urinary incontinence. 
The procedure is safe, effective, and has improved the quality of life for millions of 
women” (AUGS/SUFU). Further support for this statement is noted by endorse-
ments from the American College of Obstetricians and Gynecologists (ACOG), the 
Society of Gynecologic Surgeons (SGS), the International Urogynecological 
Association (IUGA), the National Association for Continence (NAFC), and the 
American Association of Gynecologic Laparoscopists (AAGL). Similarly acknowl-
edging the favorable risk/benefit profile and advocating for the MUS, the American 
Urological Association (AUA) position statement formally declares “It is the AUA’s 
opinion that any restriction of the use of synthetic polypropylene mesh suburethral 
slings would be a disservice to women who choose surgical correction of SUI” [5].

In Europe, the European Commission Scientific Committee on Emerging and 
Newly Identified Health Risks (SCENIHR) concluded “synthetic sling SUI surgery 
is an accepted procedure with proven efficacy and safety in the majority of patients 
with moderate to severe SUI, when used by an experienced and appropriately 
trained surgeon. Therefore, the SCENIHR supports continuing synthetic sling use 
for SUI, but emphasized the importance of appropriately trained surgeons and 
detailed counseling of patients about the associated risk/benefits. …There is robust 
evidence to support the use of MUS from over 2,000 publications, making this treat-
ment the most extensively reviewed and evaluated procedure for female SUI now in 
use” [32].
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Concurrent with this statement, the European Association of Urology (EAU) and 
European Urogynecological Association (EUGA) consensus guidelines (revised 
2017) also recognize the far-reaching positive impact mid-urethral slings have had 
on the quality of life of women throughout Europe and recommended it as the pre-
ferred surgery for uncomplicated SUI while recommending PVS for those patients 
in whom MUS cannot be considered  [14]. Even in the setting of recurrent SUI after 
synthetic MUS (which was only 6% at 5 years), a nationwide Danish study from 
1998 to 2007 evaluated 5,820 MUS and noted the retreatment procedure of choice 
was most often a repeat MUS (45.5%), reflecting the perceived ease and safety pro-
file of the procedure with traditionally excellent long-term efficacy [39, 40].

And in its global position statement endorsed by 53 international urogynecologi-
cal societies, the International Urogynecological Association (IUGA) further 
acknowledges the equal efficacy of the polypropylene MUS compared to traditional 
surgeries but with clinically meaningful advantages of shorter operative and hospi-
tal admission times, fewer surgical complications, and a quicker return to normal 
activities. It is precisely this very favorable risk/benefit ratio that “resulted in MUS 
becoming the operation of choice in Europe, Asia, South America, South Africa, 
Australasia and North America for treatment of SUI with several million procedures 
performed worldwide” (IUGA 2014 global position statement).

 Conclusion

Despite the controversy surrounding the use of mesh in the vagina, it is important to 
recognize that synthetic mid-urethral slings are still the mainstay surgical treatment 
for female SUI associated with a predominance of urethral hypermobility. Since the 
introduction of MUS, the number of surgeries for stress urinary incontinence has 
significantly increased worldwide [45, 56, 83]. In the United States, an estimated 
27% increase in the rate of surgeries from 2000 to 2009 was noted, which was 
attributed to the wide adoption of MUS as a less invasive, yet equally effective (if 
not more effective) treatment for SUI compared to other traditional surgical alterna-
tives (Burch, PVS, urethral bulking agents) [53]. MUS is the most widely studied 
anti-incontinence procedure to date, with the highest long-term (>5 years and up to 
17 years) efficacy and the lowest rate of short-, medium-, and long-term complica-
tions, mild and serious [37, 50]. Due to this, they have been deemed the “Gold 
Standard” surgical treatment for SUI (AUA/SUFU) (AUGS/SUFU) (EAU/EUGA) 
(IUGA) (IUGA global) [22].

Today, in 2021, the synthetic mid-urethral sling is still the most commonly per-
formed procedure worldwide to treat female SUI. Despite all the controversy and 
medicolegal consequences surrounding the use of vaginal mesh, most physicians 
have continued to provide MUS for their patients as the primary surgical choice for 
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SUI. Even shortly after the 2011 FDA [34] safety notification on the use of trans-
vaginal mesh, 99% of American Urogynecologic Society (AUGS) members who 
treat SUI still reported using MUS [17]. This was true for our international col-
leagues too, as noted through a survey of the International Urogynecological 
Association (IUGA) members describing the MUS as the preferred method of treat-
ment for SUI, regardless of prior treatments, concomitant surgeries, or preoperative 
examination findings [44]. This is because most physicians practice evidence-based 
medicine, as they strive to provide the best possible care for their patients. And with 
this in mind, adequately trained providers know when and how to use MUSs appro-
priately and safely to achieve those best results.
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Chapter 17
Autologous Fascial Sling

Annah Vollstedt and Priya Padmanabhan

 Historical Perspective

The technique of pubovaginal sling was first described by German surgeons in the 
early twentieth century. In 1910, Goebel described treating incontinence in children 
by rotating of the pyramidalis muscles such that their insertion to the pubic bone 
was conserved, but the ends were joined together below the bladder neck and ure-
thra [1]. In 1914, Frangenheim modified Goebel’s procedure by incorporating the 
aponeurosis of the abdominal rectus muscles to the sling of the pyramidalis muscles 
[2]. Shortly thereafter, Stoeckel was the first to describe the abdominal and vaginal 
approach for placing a pubovaginal fascial sling [3]. Adopting these earlier tech-
niques, McGuire was the first to describe a modern version of the pubovaginal sling 
(PVS) in the 1970s, using a strip of rectus fascia that remained attached laterally on 
one side [4]. The contemporary technique of harvesting a free graft from the rectus 
fascia, developed by Blaivas and Jacobs in 1991, allowed for the ability to tension 
the PVS [5].

Since approval in 1998, synthetic mesh mid-urethral slings replaced the fascial 
sling and needle suspension as the most commonly performed procedure for stress 
urinary incontinence (SUI) [6]. However, after the Food and Drug Administration 
Public Health Notification in 2001 and 2008 regarding transvaginal mesh for pelvic 
organ prolapse, there has been a decrease in the use of synthetic mesh slings for the 
treatment of SUI and an increase in placement of autologous fascial slings [7].
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 Indications

The basic mechanism of the pubovaginal sling is to correct urethral hypermobility 
and modify the pressure transmission caused by an increase in intraabdominal pres-
sure [8]. In addition to urethral hypermobility, the pubovaginal sling is indicated for 
the treatment of intrinsic urethral sphincter deficiency (ISD). ISD was once a strict 
urodynamic diagnosis of an abdominal leak point pressure of less than 60 mm H2O 
[9] and/or a maximal urethral closure pressure of less than 20 cm H2O [10]. Though 
still clinically relevant, the definition of ISD has now evolved to an imprecise sub-
jective diagnosis. The International Continence Society now defines ISD as a “very 
weakened urethral closure mechanism” [11].

Other indications for PVS include recurrent stress urinary incontinence (SUI) 
after failed mid-urethral sling, SUI or insensate incontinence related to neurological 
diseases, tissue interposition after repair of urethral fistulae or diverticulum, or ure-
thral reconstruction after traumatic loss of the proximal urethra from erosion of 
synthetic material or prolonged in-dwelling catheterization. Other causes of urethral 
damage in which an autologous fascial sling may serve an important role in recon-
struction are protracted obstetric delivery, aggressive transurethral resection, or dis-
ruption of the bladder neck, pelvic trauma, tumors, and radiation [12].

 Urethral Mechanics

Female SUI is due to urethral hypermobility and/or ISD. Once thought to be two 
separate components, urethral hypermobility and ISD are now recognized as two 
points on a continuum [13]. It is thought that the loss of structural urethral support 
results in descent of the bladder neck and urethra, thus causing urethral hypermobil-
ity. In the normally supported bladder neck and proximal urethra, increased intraab-
dominal pressure is transmitted equally to both the bladder and urethra. When this 
support is lost, intraabdominal pressure is then transmitted unequally to the bladder 
and urethra. During increased intraabdominal pressure with “stress maneuvers,” 
such as occurs with coughing, sneezing, and laughing, the posterior wall of the ure-
thra slides away from the anterior wall, causing the bladder neck to open (Fig. 17.1). 
This transmission of uneven pressure combined with opening of the bladder neck 
allows for SUI to occur [13]. The normal urethra remains closed despite stress 
maneuvers. In the case of ISD, there is an intrinsic defect in the urethra itself, 
regardless of anatomic position, such that the urethra is unable to coapt and remain 
closed to store urine in the bladder [12].

The concepts of urethral hypermobility and ISD are important in understanding 
the mechanism of action of the PVS. With the PVS positioned at the bladder neck, 
the goal is to provide compression of the proximal urethra during stress maneuvers 
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such that there is adequate coaptation of the urethra leading to continence [12]. 
When there is increased intraabdominal pressure, the sling is pulled anteriorly, 
increasing bladder outlet resistance through rotating the bladder base posteroinferi-
orly and kinking the posterior meatus, which leads to decreased urine leakage 
(Fig. 17.2) [14].

Fig. 17.1 Sagittal 
T2-weighted MRI during 
abdominal straining in a 
patient with stress urinary 
incontinence. Abdominal 
straining is causing 
downward rotational 
descent of the urethra, as 
well as funneling of the 
bladder neck. This leads to 
an open urethra with 
subsequent leakage. (With 
permission from Atlas of 
Vaginal Reconstructive 
Surgery, Raz, 2015, 
Springer Figure 2.7b)

Fig. 17.2 Lateral 
cystogram in patient after 
sling placement. This sling 
is preventing the 
downward rotation and 
funneling of the urethra. 
The sling is allowing 
proper transmission of 
abdominal pressure during 
straining. (With permission 
from Atlas of Vaginal 
Reconstructive Surgery, 
Raz, Springer, 2015, 
Figure 2.8)
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 Preoperative Evaluation

The preoperative evaluation consists of a thorough history and physical exam. 
Specifically, the surgeon should ask about voiding symptoms, including the pres-
ence of urinary leakage with stress maneuvers, such as coughing, sneezing, and 
laughing. The presence of preoperative storage symptoms needs to be noted, such 
as urinary frequency, urgency, and urinary urgency incontinence. The patient should 
be counseled that these storage symptoms may not improve after the procedure and 
may even worsen. It should be noted that one-third of patients will have persistent 
urgency urinary incontinence (UUI), and about 10% of patients will develop de 
novo UUI [15]. A complete surgical history, including all abdominal and vaginal 
procedures, needs to be collected. Prior radiation also needs to be noted as this may 
affect the quality of the bladder and vaginal tissue and degree of ISD.

Physical examination should include a complete abdominal examination noting 
prior surgical scars, as well as a pelvic examination. The presence or absence of 
urethral hypermobility should be noted. This can be performed by either a formal 
Q-tip test or gross visualization. A cough stress test should be performed, noting the 
presence of leakage and the relative fullness of the bladder. In addition, the quality 
of the vaginal tissues, presence of pelvic organ prolapse, or evidence of any mesh 
exposures that may have been previously placed should be noted. It is important to 
assess for prolapse of the anterior vaginal compartment, as this may be a future 
cause of urethral obstruction and may need to be corrected at the time of the sling 
placement.

A postvoid residual should be obtained. However, per the 2017 American 
Urological Association (AUA)/Society of Urodynamics, Female Pelvic Medicine & 
Urogenital Reconstruction (SUFU), routine preoperative urodynamic studies (UDS) 
are not recommended for the “index patient,” defined as the otherwise healthy 
female who is considering surgical therapy for the correction of pure stress and/or 
stress-predominant mixed urinary incontinence (MUI) who has not undergone pre-
vious SUI surgery [16]. In the more complex patient, UDS may be considered, 
especially when impaired detrusor contractility or obstruction is suspected. UDS 
may also detect preoperative detrusor overactivity (DO). Often, an autologous fas-
cial sling is used to treat recurrent SUI. In these patients, preoperative UDS is com-
monly used. Likewise, routine preoperative cystoscopy is not recommended for the 
index patient unless there is a concern for a urinary tract abnormality [16].

A urine culture should be obtained prior to surgery, and the surgery should be 
postponed if there is an untreated infection.

The surgery may be performed under general anesthesia or spinal anesthesia. A 
first- or second-generation cephalosporin is the preferred antibiotic regimen and 
should be given 60 minutes before the incision. Per the 2019 AUA Best Practice 
Statement, Urologic Procedures, and Antimicrobial Prophylaxis, vaginal proce-
dures should consider additional anaerobic coverage, which is most often afforded 
by the use of a second-generation cephalosporin, such as cefoxitin [17]. Additional 
anaerobic coverage provided by metronidazole and an antifungal may also be con-
sidered for vaginal cases, particularly for high-risk patients [17].
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 Operative Technique

 Patient Positioning

Before induction of anesthesia, sequential compression devices (SCDs) should be 
placed on the lower extremities. The patient is then placed in the dorsal lithotomy 
position. The patient’s vagina and abdomen as far cephalad as the umbilicus are 
prepped. The authors prefer to use a weighted Scherbak vaginal speculum for retrac-
tion of the posterior vaginal wall. A 16 French catheter is placed for bladder drain-
age. Moderate Trendelenburg (head down) position is helpful for visualization of 
and access to the anterior vaginal wall. The surgeon may use a vaginal ring retrac-
tion (such as a disposable Lone Star® retractor) for labial retraction. Alternatively, 
the labia majora can be sutured laterally to the inner thigh with a silk suture.

 Rectus Fascia Graft Harvest

A 5- to 7-cm Pfannenstiel incision is made approximately two-fingerbreadth cepha-
lad to the pubic bone. This incision is dissected down to the level of the rectus fascia 
(Fig. 17.3a). A self-training retractor, such as the Alexis® Wound Protector, can be 
used to help with visualization and retraction of the subcutaneous tissues. The bor-
ders of an 8 cm long by 2 cm wide strip of rectus fascia are marked with either a 
marking pen or electrocautery. An Allis clamp is used on the lateral aspect of the 
graft to help free the fascia from the underlying rectus muscle using electrocautery. 
Once free, the graft is set aside on the back table in normal saline. The fascia is then 
reapproximated with a #1 polydioxanone (PDS) suture on a CTX-tapered needle, 
either in a running or interrupted fashion.

a b

Fig. 17.3 (a) Rectus fascia harvest. (b) Fascial lata harvest. (Dmochowski et al. [12])
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Any excess fat is then removed from the graft. A running whip stitch with a #1 
PDS suture on a CTX-tapered needle is placed on each end of the graft for later 
placement and tensioning. Care is taken to leave even ends to the whip stitch. The 
whip stitch is tied down, and the sutures are left long.

 Vaginal Dissection

Hydrodissection of the anterior vaginal wall is performed with either injectable 
saline or local anesthetic with or without epinephrine. Using a 15 blade, an inverted-
 U incision or a midline vertical incision is made along the anterior wall with the 
most distal portion of the incision approximately 2  cm proximal to the urethral 
meatus (Fig. 17.4). An Allis clamp below the meatus is helpful for countertraction 
and marking the most distal aspect of the incision. The most proximal aspect of the 
incision should be at the level of the bladder neck, which can be determined by 
palpating the Foley catheter balloon. The vaginal epithelial flap is dissected free 
from the underlying periurethral and pubocervical fascia using sharp dissection 
with Metzenbaum scissors. The vaginal flaps are dissected sharply until the tip of 
the scissors palpates the ischiopubic rami. At this point, with the scissors aiming 
upward and toward the ipsilateral shoulder, the endopelvic fascia is then perforated 
immediately under the ischiopubic ramus at the superior margin of the dissection 
(Fig. 17.5). Prior to perforation, always confirm the bladder is completely decom-
pressed to avoid bladder injury. After perforation in the superolateral direction, the 
scissors are opened widely to aid in dissection. The scissors are left slightly open 
and removed from the wound. The index finger is then used to complete further 
blunt dissection (Fig. 17.6). This dissection leads to a connection between the infra-
pubic and retropubic spaces. The bladder may be palpated medially; however, care 
should be taken to avoid aggressive mobilization medially to avoid a bladder injury.

Fig. 17.4 Inverted U 
incision along the anterior 
wall of the vagina. 
(Dmochowski et al. [12])
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 Sling Placement and Fixation

It is important to again confirm that the bladder is completely drained prior to sling 
placement. For placement of the sling, the authors prefer to use 15-degree Stamey 
needles. Other surgeons have used large clamps such as a Tonsil clamp or the 
double- pronged ligature carrier (i.e. Raz needle passer). Through the previously 
made Pfannenstiel incision, the Stamey needle is passed from behind the pubic bone 
(Fig. 17.7). The index finger is placed into the vaginal incision on the ipsilateral side 
so that the tip of the needle is palpated. The vaginally placed finger guides the 
Stamey needle through the space of Retzius and out the ipsilateral endopelvic fas-
cial opening created with perforation and blunt dissection. It is important when 
passing the needles that no tissue should be palpable between the needle and the 
vaginal finger. If a thicker layer is felt between the finger and the needle, it may be 
the bladder. In this case, further careful dissection is needed to avoid injury to the 
bladder.

Fig. 17.5 Perforation of 
endopelvic fascia. 
(Dmochowski et al. [12])

Fig. 17.6 Blunt dissection 
of the retropubic space. 
(Dmochowski et al. [12])
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After passage of the needles, rigid cystoscopy is performed with the 30- and 
70-degree lens. The urethra should be inspected with a short-beaked sheath. The 
authors find this step to be nonoptional to avoid a delayed recognition of a bladder 
injury. The 2010 AUA Update on the Surgical Management of Incontinence states 
that intraoperative cystourethroscopy is considered standard of care [15]. If a blad-
der injury is seen, the needle is removed and repassed with the bladder decom-
pressed. The Foley is replaced once Stamey needles are in place, and confirmation 
cystoscopy has been performed. The ends of the graft suture are placed through the 
eye of the needle, and the needle is pulled up through the abdominal incision. The 
needles are removed and the ends of the suture are brought out through the abdomi-
nal incision and tagged with hemostat clamps. The sling length should be long 
enough to allow it to penetrate into the retropubic space (Fig. 17.8). The midpoint 
of the graft is approximated to the proximal third of the urethra with two simple 4–0 
polyglactin (Vicryl ®) sutures.

Fig. 17.7 The Stamey 
needle is passed behind the 
pubic bone and brought out 
lateral to the bladder and 
urethra through the vaginal 
incision. (Dmochowski 
et al. [12])

Fig. 17.8 Sagittal view of 
the fascial sling in place, 
located in the retropubic 
space, positioned at the 
bladder neck. 
(Dmochowski et al. [12])
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It is the authors’ practice to close the vaginal incision and remove the weighted 
speculum prior to sling tensioning to eliminate factors that may affect final tension-
ing. The vaginal incision is irrigated and inspected for hemostasis. The vaginal inci-
sion is then closed with a running 2.0 polyglactin (Vicryl®) suture.

The PDS sutures are tied down above the rectus fascia. Concurrent rigid cystos-
copy with a 30-degree lens has been described to simultaneously watch for adequate 
coaptation of the proximal urethra. It is our practice to perform tensioning with only 
the Foley catheter in place (Fig.  17.9). There should be approximately a two- 
fingerbreadth width between the rectus fascia and the suture knots. Lastly, the 
sutures are tied together in the center above the rectus fascia with the ability to place 
one or two fingers between the knot and the fascia. However, the amount of tension 
may vary based on the patient’s anatomy, urethral mobility, and goal to purposefully 
cause urinary retention or close the bladder outlet. It should be noted that there are 
no standardized techniques for determining appropriate tensioning of the sling.

In certain situations, it may be desirable to completely close the bladder outlet 
with an occlusive fascial sling, such as that for refractory SUI, urethral erosion, and 
incompetent bladder outlet. Concomitant continent cutaneous bladder augmenta-
tion or placement of a suprapubic tube is typically performed. Occlusive fascial 
sling may be preferable to bladder neck closure so that emergent access to the blad-
der is still permitted. Excessive tensioning should be avoided to prevent urethral 
erosion or damage.

After irrigation, the abdominal wound is irrigated and hemostasis is achieved. 
The wound is closed in several layers to decrease the risk of a seroma formation. A 
Foley catheter is left for drainage, and a vaginal packing is placed.

 Fascia Lata Considerations

Harvest of fascial lata (Fig. 17.10) may be preferred over rectus fascial if the patient 
is obese or has had multiple prior abdominal surgeries, particularly abdominoplasty 
or hernia repairs. Some surgeons may elect to perform fascia lata harvest primarily. 

Fig. 17.9 Tensioning and 
tying of the sling. 
(Dmochowski et al. [12])
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If fascia lata is to be harvested, the lower extremity of interest is internally rotated 
at the hip. The anterolateral aspect of the patient’s thigh is prepped and draped from 
the greater trochanter to the distal patella. The SCD is placed below the patella on 
the harvest site. The greater trochanter and the lateral femoral condyle of the femur, 
which denote the proximal and distal attachments of the fascia lata, are palpated and 
marked with a marking pen. A 3-cm longitudinal incision is marked starting just 
above the patella over the iliotibial band. Dissection is carried down to the level of 
the fascia lata. Two parallel incisions are made longitudinally in the fascia lata, 
2-cm apart, perpendicular to the skin incision in the direction of the fascial fibers. 
The undersurface of the fascia is dissected off the muscle as far as possible. The two 
parallel incisions are then connected to the one free end of the graft. A 2–0 perma-
nent monofilament suture is placed in a horizontal mattress at the free end of the 
graft. A malleable retractor is placed just under the planned fascial graft to free it 
from the underlying muscle. The Crawford stripper can then be used starting at the 
free end of the graft, extending proximally [18] (Fig. 17.3b).

If a Crawford stripper is not available, a 6 cm × 2 cm fascia lata graft may be 
harvested “free-hand” via a 4-cm incision made longitudinally, starting three- 
fingerbreadth cephalad to the patella. A measuring tape cut to 6 cm can be helpful 
in marking out the borders of the graft with electrocautery at 1-cm intervals.

After irrigation and meticulous hemostasis, the wound is closed in three layers 
without closing the fascia. Once the skin of the thigh is closed, a compressive wrap 

Fig. 17.10 The tensor 
fascia lata and the gluteal 
muscle form a tendinous 
extension to the tibia called 
the iliotibial band, which 
inserts to the lateral aspect 
of the tibial bone. This 
band is well-defined in 
most patients. (Permission 
from Atlas of Vaginal 
Reconstructive Surgery, 
Raz, Spring, 2015, 
Figure 2.66)
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is placed. The compression dressing should remain in place for at least 8 hours or 
until the morning of postoperative day one. Early ambulation should be encour-
aged [19].

 Postoperative Care

On postoperative day one, the vaginal packing is removed and a trial of void may be 
performed. The patient may be discharged after confirmation of bladder emptying 
with a postvoid. If there are high postvoid residuals, then the catheter is placed again 
and the trial of void is repeated in 5 days as an outpatient or patient can be taught 
self-catheterization. Patients should be instructed to avoid lifting anything greater 
than 10 pounds for 3 months. Nothing should be placed intravaginally for 8 weeks. 
Sexual activity may be resumed after 8 weeks, after physical examination by the 
surgeon.

 Outcomes and Complications

 Cure/Improvement Rates

McGuire’s original studies on the autologous pubovaginal sling showed an improve-
ment in SUI in 50 of his 52 patients. Later, Blaivas et al. reported an 82% success 
rate [4] [5]. In more recent studies, cure rates vary based on the definition used, from 
31% to 100% [12, 20]. The challenge is the lack of direct correlation between objec-
tive and subjective measures of improvement or cure after incontinence procedures 
[21]. From the AUA 2010 review on surgical management of SUI, estimated cure/
dry rates associated with autologous fascial sling without prolapse surgery ranged 
between 90% at 12–23 months and 82% at 48 months or longer [15]. Though sev-
eral other retrospective and cohort studies have been published, Table 17.1 summa-
rizes outcome data based on available randomized control trials.

The Stress Incontinence Surgical Treatment Efficacy Trial (SISTEr), published 
in 2012, randomized 655 patients to either an autologous fascial sling or a Burch 
colposuspension. Primary outcomes were overall urinary incontinence (including 
self-reported symptoms, pad weight tests, and further medical or surgical treatment 
for urinary incontinence) and stress-specific measures (including self-reported 
symptoms, and negative stress test) over a 24-month postoperative period. The 
autologous fascial sling showed superior results for overall urinary incontinence 
(47% vs. 38%, p  =  0.01), as well as stress-specific incontinence (66% vs. 49%, 
p < 0.001) [22]. However, the Burch colposuspension group had lower rates of uri-
nary tract infection (32% vs. 48%) and postoperative voiding dysfunction (2% vs. 
14%, p < 0.001). All subsequent surgical procedures performed to reduce voiding 
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Table 17.1 Summary of outcomes of randomized control trials involving fascial slings

Study
Assessment of 
outcome

Follow-up 
time

Study design and results

Design
Number 
of pts

% 
Reaching 
outcome

Albo, 2007 [22]
(SISTEr trial)

Pad weight, stress 
test, voiding diary

24 months Rectus PVS 326 66%
BC 329 49%

Wadie, 2005 [26] Stress test, complete 
dryness with no usage 
of pads

9 months Rectus PVS 15 92%
TVT 17 92.9%

Al-Azzawi, 2014 
[60]

Patient-perceived 
dryness, stress test, 
Qmax >15 mL/sec

1 year Rectus PVS 40 98%
TOT 40 95%

Basok, 2008 [61] Pad test, patient 
questionnaire

12 months Cadaveric 
fascial lata

67 79%

Intravaginal 
slingplasty

72 70.8%

Khan, 2015 [62] Patient reported 
“completely dry” or 
“improved”

10 years Autologous 
PVS

61 75.4%

Xenograft 
PVS

38 73%

TVT 63 58%
Bai, 2005 [63] Patient-report of 

absence of SUI, stress 
test

12 months Rectus PVS 28 92.8%
TVT 31 87%
BC 33 87.8%

Tcherniakovsky, 
2009 [64]

UDS, stress test 12 months Rectus PVS 20 95%
TOT 21 90.5%

Culligan, 2003 
[65]

Stress test, pad weight 73 months PVS 17 100%
BC 19 82%

Amaro, 2009a [66] Complete dryness, no 
usage of pads

44 months Rectus PVS 21 57%
TVT 20 65%

Guerrero, 2010 
[67]

Patient-reported 
complete dryness or 
improvement

12 months Rectus PVS 79 90%
TVT 72 93%
Allograft PVS 50 61%

Sharifiaghdas, 
2008a [68]

Stress test 40 months Rectus PVS 36 83%
TVT 25 80%

Sharifiaghdas, 
2017 [69]

Stress test 10.5 years Rectus PVS 36 84%
TVT 25 81.5%

Sharma, 2020 [70] ICIQ scores 6 months Rectus PVS 15 100%
TOT 15 100%

Kuprasertkul, 
2019 [71]

Reoperation-free 
survival

15.1 years Rectus PVS 15 90%
BC 14 80.8%

AaResults of PVS inferior to comparator
TVT tension-free vaginal tape, PVS pubovaginal sling, BC Burch colposuspension, TOT transobtu-
rator tape, SUI stress urinary incontinence, UDS urodynamics, ICIQ International Consultation on 
Incontinence Questionnaire
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symptoms or improve urinary retention were performed exclusively in the PVS 
group, in which 19 patients underwent a total of 20 procedures [22]. The 5-year 
results of the Extended-SISTEr study showed that women who underwent fascial 
sling continued to have higher satisfaction despite increased incidence of voiding 
dysfunction [23].

A 2017 Cochrane review showed a significantly greater improvement in patient- 
reported SUI symptoms, both within and after 1 year, with autologous fascia. There 
was no evidence of a difference in perioperative complications or postoperative 
morbidity between autologous fascia and other materials [24]. However, the studies 
were small and had short-term follow-up, particularly related to mesh-related com-
plications. In addition, the studies did not stratify outcomes based on preoperative 
severity of SUI.

A large cohort study compared three-year outcomes in 79 fascial sling patients 
(performed by a urologist) to 163 synthetic mesh mid-urethral sling patients (per-
formed by a gynecologist). The synthetic mesh group showed relatively higher suc-
cess than the autologous fascial sling group for any urinary incontinence, severe 
incontinence, and stress-specific incontinence. There was no difference in the com-
plications; however, the fascial group had a higher incidence of urinary retention 
requiring clean intermittent catheterization, urethrolysis, or prolonged suprapubic 
tube use [25]. In a randomized trial of 53 patients, there was no difference in the 
cure rate between an autologous fascial group and the tension-free vaginal tape 
group [26].

 Voiding Dysfunction/Urgency/Retention

Postoperative voiding dysfunction is the most important complication after autolo-
gous fascial sling placement. Voiding dysfunction can present with a range of symp-
toms, ranging from the development of de novo urgency to frank urinary retention.

The rate of de novo urge incontinence is estimated between 3% and 20%, and the 
rate of postoperative urge incontinence is between 8% and 25% [15, 18, 27]. The 
AUA 2010 meta-analysis reported that in patients with preoperative urgency urinary 
incontinence (UUI), 33% have continued UUI despite resolution of their SUI [15].

Voiding dysfunction has been reported at a higher rate in autologous fascial sling 
compared to both Burch colposuspension and synthetic mesh mid-urethral sling. 
The SISTEr trial reported voiding dysfunction in 14% of the fascial sling group 
versus 2% in the Burch colposuspension group (p < 0.001) [22]. In another study by 
Athanasopoulos et al., of over 260 patients undergoing fascial sling, 10% reported 
postoperative voiding dysfunction [27]. Most had resolution of their voiding dys-
function by 2 months, but five patients (overall 1.9%) required urethrolysis [27].

Detrusor overactivity and impaired detrusor contractility (underactive bladder) 
are factors that may also exacerbate iatrogenic outlet obstruction from a fascial 
sling. Although postoperative urgency and UUI are strongly related to failure, 
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studies have not shown consensus on the preoperative risk factors prior to fascial 
sling. Prior studies have suggested that a postvoid residual urine volume greater 
than 100 mL or a Qmax less than or equal to 20 mL/second may lead to a higher risk 
of needing prolonged clean intermittent catheterization, though these urodynamic 
factors did not reach statistical significance [28]. Likewise, Nager et al. analyzed the 
pre- and postoperative urodynamic data in patients enrolled in the SISTEr trial and 
found the presence of detrusor overactivity and the level of Valsalva leak point pres-
sure were not predictive of postoperative voiding dysfunction or risk of surgical 
revision in those undergoing a fascial sling [29].

Postoperative retention is defined as lasting longer than 1 month or requiring 
intervention. The rate of postoperative retention is less common than postoperative 
urgency or UUI, and is estimated to be 8% without concomitant prolapse treatment 
and 5% in those with concomitant prolapse treatment [15]. The risk of iatrogenic 
obstruction is most likely a function of intraoperative technique. When the sling is 
overly tensioned, there is excessive elevation of the bladder neck toward to pubic 
bone, causing “hypersuspension” or overcorrection of the urethrovesical angle [12].

Proper tensioning of the sling is the most complex portion of the procedure, and 
techniques vary between surgeons. In a recent study by Preece et al., postoperative 
voiding dysfunction was predicated by the lax sling height when the knotted suture 
is tented above the rectus fascia. The authors showed that a lax sling height of less 
than 40 mm was associated with a higher risk of postoperative retention and the 
need for intermittent self-catheterization and urethrolysis [30].

The most important clinical factor is the temporal relationship between the sling 
placement and the presentation of the voiding symptoms. Physical examination can 
reveal an abnormal urethral angle or a nonmobile urethra. A postvoid residual 
should be recorded, although there is no consensus regarding a specific cut-off for a 
“normal” value. Cystoscopy may be useful to rule out bladder pathology, sling ero-
sion, and a hypersuspended urethra. Videourodynamics may also be helpful in 
assessing for obstruction, detrusor overactivity, or detrusor underactivity. However, 
it has also been shown that when voiding symptoms or urinary retention is the pri-
mary indication for intervention after sling placement, urodynamic findings are not 
predictive of outcomes after intervention to relieve obstruction [31].

There is no consensus regarding the management of postoperative voiding dys-
function. Transient urinary retention is common, and most patients return to spon-
taneous voiding within the first 10 days [32]. For this reason, if postvoid residuals 
remain high or patient develops new or worsening urgency or UUI, the authors 
prefer to manage with timed voiding, double voiding, biofeedback, pelvic floor 
muscle training, antimuscarinics, and clean intermittent catheterization for 3 months 
prior to consideration of a urethrolysis.

Surgical management of obstruction after a fascial sling involves complete ure-
throlysis via a retropubic, transvaginal, or suprameatal approach with success rates 
ranging from 45% to 100% [12]. Persistent or recurrent obstruction, detrusor over-
activity, impaired detrusor contractility, or learned voiding dysfunction may con-
tribute to the failure of urethrolysis [12]. However, the most common reason is an 
incomplete dissection and lysis of the urethra. In one small study of 24 patients 
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undergoing repeat urethrolysis, surgeons performed an “aggressive” urethrolysis by 
either a transvaginal or retropubic approach in all 24 cases. The authors reported 
that 22 of the 24 patients had resolution of their urinary retention. However, UUI 
only completely resolved in 12% of cases. The authors conclude that it is reasonable 
to consider a repeat urethrolysis after the first failure or when the extent of the initial 
urethrolysis is unknown [33]. Understandably, the patient may be concerned about 
the risk of recurrent SUI after urethrolysis; however, this rate is reported to be rela-
tive low, ranging from 0% to 34% [12] [33].

 Erosion and Extrusion

In contrast to synthetic mesh materials, urethral erosion and vaginal extrusion after 
autologous fascia pubovaginal sling are extremely rare. Leach et al. showed an ure-
thral erosion rate of 0.003% and a vaginal extrusion rate of 0.0001% in patients 
undergoing autologous and allograft sling [34]. Causes of erosion of autologous 
fascial sling are typically due to perioperative technique, including incorrect tech-
nique in sling passage, position of the sling, excessive tensioning, or traumatic cath-
eterization in the immediate postoperative period. Management would consist of 
excision of the eroded portion of the sling and closure of the urethra [35].

 Other Complications

Overall perioperative urinary tract infection rates range from 11% to 48% [15, 22]. 
Bladder injury rate from improper retropubic needle passage has been shown to be 
4% [15]. Wound complication rate is reported to be 8% [15]. In a 2015 meta- analysis 
comparing synthetic mid-urethral slings (MUS) to autologous fascial sling, MUS 
had a higher rate of erosion, pelvic pain, and de novo overactive bladder syndrome, 
while autologous fascial sling showed an increase risk of wound infection [36]. In a 
recent systematic review and meta-analysis comparing different procedures for 
SUI, autologous fascial sling was shown to result in lower rates of wound infection, 
bladder or vaginal perforation, and bowel injury compared to Burch colposuspen-
sion [37].

 Autologous Fascial Sling after Synthetic Mesh Sling

The autologous fascial sling can be considered as a treatment option for patients 
with recurrent or persistent SUI after a synthetic mid-urethral sling procedure. 
Petrou et al. published a retrospective study of 21 patients with at least 36 months 
of follow-up of autologous fascial sling after failed MUS. About three-quarters of 
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the patients reported improvement, reporting they were completely dry or only 
slightly incontinent. Overall, 86% stated they would recommend the procedure to 
others [38]. Likewise, Milose et al. showed that in 16 patients with pure SUI who 
underwent autologous fascial sling as a salvage procedure after prior failed sling 
procedure, 70% reported cured SUI [39].

A secondary analysis of the SISTEr and the Trial of Midurethral Slings (TOMUS) 
trials showed autologous fascial sling patients had retreatment rate of 5%, compared 
to Burch colposuspension at 10%, transobturator MUS at 6%, and retropubic MUS 
at 4%. The majority of these patients underwent an autologous fascial sling as their 
salvage procedure [40].

There is no consensus regarding how the prior mid-urethral sling mesh is 
removed, and timing of the removal in relation to placement of the fascial sling 
affects clinical outcomes [39]. Some surgeons prefer to excise the mesh sling and 
place the fascial sling in one operation, and others choose to stage the procedures. 
In a recent prospective study, Parker et al. compared autologous sling as primary 
treatment to autologous sling as secondary treatment following failed mid-urethral 
sling. Reasons for failure of mid-urethral sling included recurrent SUI, sling extru-
sion, or obstruction. At a median follow-up time of 15 months, both groups showed 
significant improvement in the number of pads used and in the patients’ scoring of 
the validated questionnaires. There was no difference in complication rates. Urinary 
retention was more common in patients who had prior MUS (8.5%) compared to the 
primary autologous fascia group (3.1%). Patients who had prior MUS in the study 
tended to continue to need additional incontinence procedures after the salvage 
autologous fascial sling (13.6%), compared to those who had the autologous sling 
as their primary treatment (3.5%) [41].

Autologous fascial sling is not the only option for treating recurrent SUI after 
mid-urethral sling. Some surgeons may prefer to perform a repeat mid-urethral sling. 
Aberger et al. retrospectively compared outcomes of 224 patients who failed prior 
MUS and subsequently underwent either synthetic retropubic mid-urethral sling (153 
patients or 68.3%) or autologous rectus fascia sling (ARFS) (71 patients or 31.6%). 
The median follow- up in the study was 29 (minimum of 12) months. At a median 
follow-up of 29 months, the overall cure rate was 61.4% in the mid-urethral sling 
group and 66.1% in the ARFS group with no statistically significant difference [42].

 Rectus Fascia Versus Fascia Lata

Many urologists prefer to harvest rectus fascia over fascia lata based on their famil-
iarity with the abdominal anatomy. In addition, many feel the incision is less con-
spicuous compared to the incision needed on the lateral aspect of the leg for fascia 
lata harvest. Advantages of fascia lata harvest include the potential benefit of 
decreased postoperative pain, lower risk of seroma and incisional hernia, and per-
haps a stronger graft. One study found that fascia lata had a tension strength four- 
times greater than rectus fascia and its thought that the longitudinal fibers of the 
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fascia lata may be more supportive than the horizontally oriented fibers of rectus 
fascia [43, 44]. In addition, harvest of fascia lata may be easier in patients with an 
extensive abdominal surgical history. Disadvantages of fascia lata harvest include 
the need to reposition and the morbidity of second incisional site.

A recent retrospective study compared the outcomes of 21 fascia lata patients to 
84 rectus fascia patients. Operative time was similar between the two groups. The 
only statistically significant difference between the two groups was a lower esti-
mated blood loss in the fascia lata group. The fascia lata group also had a shorter 
length of stay, fewer wound complications, and fewer Clavien grade 2 or greater 
complications, but these different perioperative outcomes did not reach statistical 
significance. Dry rates at 1 month, 1 year, and last follow-up were similar between 
the two groups [45].

 Autologous Graft Compared to Allograft Materials

The use of allograft (tissue taken from another human) has become increasingly 
popular in an effort to decrease operative time, morbidity, pain, and hospital stay. 
Unlike allograft materials, autologous materials offer complete biocompatibility. 
Histological examination of autologous fascial slings has shown extensive fibro-
blast infiltration and neovascularization with minimal inflammatory reaction [46].

It has been shown that the processing of allograft cadaveric tissue may compro-
mise the integrity of the graft and may be associated with a higher long-term failure 
rate. The specifics in processing technique can also make a difference in the tissue 
integrity. Tissue freezing, as opposed to solvent dehydration, leads to ice crystal 
formation that can lead to disruption of the collagen matrix, which weakens the tis-
sue [47]. Failure rates for frozen or freeze-dried grafts range from 6.0% to 38% 
[12]. For this reason, solvent-dehydrated allograft has predominated.

When utilizing allograft material, the surgeon must consider the increased risk of 
transmission of infectious disease, given the transferring of DNA and protein mate-
rial. Theoretically, infections caused by prions are possible, and allograft-associated 
transmission of human immunodeficiency virus may occur in one in eight million 
cases [48–50]. Also notable, the preoperative discussion must include the fact that 
tissue from a human will be used. This is important for patients who may have spe-
cific religious or moral objections to implanting tissue from another human.

Researchers have assessed the outcomes of pubovaginal sling with autologous 
fascia versus cadaveric allograft fascia. The literature is mixed. Some researchers 
have reported equally high success rates and no difference in complications, con-
cluding that allograft may be used to reduce operative time and morbidity [51, 52]. 
Other authors have shown that allograft may be associated with inferior outcomes, 
recurrent symptoms, and a higher reoperative rate [53–56]. Larger, randomized, 
prospective studies with long-term follow-up comparing success rates of autolo-
gous versus solvent-dehydrated cadaveric allograft fascia lata are needed. Table 17.2 
outlines the advantages and disadvantages of allograft versus autologous graft.
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 Autologous Fascia Use for Transobturator Slings

There has been some interest in using autologous fascia as the material for a tran-
sobturator sling. In one study from Egypt, a sling fashioned with autologous fascia 
in the middle and polypropylene arms laterally was placed in a transobturator route. 
Subjective cure rate at 1 year was 90.5%, and objective cure defined by a negative 
cough stress test was 93% [57]. In a more recent study from 2020, a similar sling 
was placed after treatment of urethral diverticulum in two patients and showed that 
both patients had no SUI at 6 months postoperatively [58]. Perhaps the largest study 
is by Cubuk et al., in which 36 patients underwent the autologous fascia transobtu-
rator sling and were compared to 81 traditional transobturator slings. The authors 
showed no difference in subjective or objective cure rates between the two sling 
types at 12 months [59]. Larger, randomized trials with longer follow-up are needed 
to further evaluate the use of autologous fascia for a transobturator sling.
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Chapter 18
Managing Complications After Surgical 
Treatment of Stress Urinary Incontinence

Alyssa K. Gracely

 Introduction

As the population ages, the yearly incidence of stress urinary incontinence (SUI) is 
reported at approximately 4–10% [1], with some studies reporting a yearly inci-
dence in mid-life and older women of up to 14.9% [2]. With the steady increase in 
SUI prevalence, it is imperative not only to understand the management of SUI, but 
the potential complications that may arise with each treatment option. The increased 
success rates associated with surgical treatment of SUI compared to their less-
invasive counterparts are balanced by a potentially higher complication rate. 
Surgical treatment options for SUI include retropubic suspensions, transvaginal 
needle suspensions, pubovaginal slings, and synthetic midurethral slings (MUS). 
While many complications are shared between all surgical options, a few complica-
tions are procedure-specific. This chapter will discuss the complications that can 
arise after surgical treatment of SUI, with a specific focus on complications associ-
ated with the “gold standard” MUS, as this has attracted significant media and regu-
latory attention. While prior chapters have focused on the importance of the 
preoperative evaluation of SUI, surgical decision-making, surgical technique, and 
intraoperative complications, this chapter focuses specifically on postoperative 
complications and their respective management.
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 Evaluation and Diagnosis

When patients present with new voiding symptoms in the postoperative period after 
surgical treatment for SUI, a thorough evaluation is warranted. This begins with an 
understanding of their preoperative voiding habits. The change in pre- and postop-
erative symptoms, as well as the timing of onset of symptoms can provide insight 
into the etiology of their new voiding complaints and help guide treatment. When 
available, review of preoperative urodynamics (UDS) can be useful to identify fac-
tors that are associated with postoperative urinary retention including: detrusor 
underactivity, Valsalva voiding, or preoperative obstruction [3, 4]. In one recent 
study, women with detrusor underactivity or Valsalva voiding on UDS were more 
likely to have postoperative urinary retention after sling procedure compared to 
their counterparts. Furthermore, an elevated preoperative postvoid residual and 
decreased preoperative maximum urinary flow rate were associated with increased 
risk of postoperative urinary retention [5]. In the setting of a new patient referral, a 
review of operative notes can prove helpful as this can often reveal unambiguous 
descriptions of complications or improper technique.

After obtaining a thorough history with a timeline of presenting symptoms in 
relation to the surgical intervention, a urinalysis and postvoid residual should be 
performed. When infection is present, culture-guided treatment should be offered 
and symptoms reassessed. Physical exam to evaluate for urethral mobility, angula-
tion, and mesh exposure should be performed. In the setting of new onset irritative 
symptoms, recurrent urinary tract infections (UTIs), or hematuria, in-office cysto-
urethroscopy should be performed to evaluate for mesh erosion into urethra or blad-
der. When body habitus or concomitant pelvic organ prolapse makes a pelvic exam 
difficult, concomitant vaginoscopy at the time of cystourethroscopy can prove help-
ful to evaluate for vaginal mesh exposure. If in-office examination or cystourethros-
copy is not possible due to patient discomfort, habitus, or preference, it is reasonable 
to perform an exam under anesthesia and cystoscopy in the operating room. 
Depending on index of suspicion and patient counseling, one can then proceed with 
the indicated surgical intervention at the time of the exam under anesthesia, or plan 
to return in a staged fashion.

Additional diagnostic procedures may be warranted based on exam findings and 
patient symptoms. In select cases, UDS may prove useful, especially in women with 
persistent voiding symptoms and normal post void residuals or those with complex 
surgical history such as multiple prior sling procedures or revisions. In these 
instances, the addition of fluoroscopy (video urodynamics) or a separate voiding 
cystourethrogram can aid in identifying the location of anatomic obstruction, but is 
not always necessary [6] (Fig. 18.1).

The diagnosis of obstruction on UDS in women can be challenging, with no true 
cutoffs for pressure and flow rates existing [7]. Recently, urodynamic parameters to 
diagnose bladder outlet obstruction after SUI procedures have been defined, with 
the most common pressure-flow voiding pattern among women with voiding dys-
function after MUS placement being a normal pressure and poor flow [6, 8]. In 
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instances of new onset urinary retention or incomplete emptying after surgical inter-
vention for SUI, clinical suspicion alone is likely sufficient to proceed with inter-
vention. Occasionally, further imaging studies, such as ultrasonography (US), 
computed tomography (CT), or magnetic resonance imaging (MRI), may be indi-
cated to identify hematomas or abscesses. Calcification identified in the lower uri-
nary tract should raise suspicion of underlying mesh erosion. MRI can prove useful 
to identify mesh in patients presenting with pain or wound complications concern-
ing for infected mesh (Fig. 18.2). Translabial or endovaginal US is another useful 
tool to identify mesh location, especially in patients presenting without prior opera-
tive records where it is unknown whether mesh was placed, or who have already had 
prior revision surgeries (Fig. 18.3).

 Bladder Outlet Obstruction

Perhaps the most common complication, the exact incidence of bladder outlet 
obstruction after incontinence surgery is unknown, though it has been estimated to 
range from 2% to 25% [9–12]. It should be noted that this is likely underreported as 
women who undergo surgical intervention for SUI may be less likely to report void-
ing difficulties due to satisfaction over resolution of their incontinence, and those 
who do frequently seek treatment from a physician other than their original sur-
geon [13].

Symptoms of bladder outlet obstruction vary and include: immediate and com-
plete urinary retention, spontaneous micturition with elevated postvoid residuals, 

Fig. 18.1 Fluoroscopic 
images during the voiding 
phase of a urodynamic 
study capture evidence of 
obstruction at the 
midurethra in a woman 
with a history of urinary 
retention after midurethral 
sling
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need to strain or perform positional voiding, increased or new storage symptoms, or 
an increased frequency of urinary tract infections.

Immediate postoperative urinary retention can occur after any surgical procedure 
for the treatment of SUI. Acute urinary retention is reported in 41% of women who 
underwent transvaginal needle suspension [14], up to 27% of women who under-
went retropubic suspension [15], 5–20% of patients who underwent pubovaginal 
sling [16, 17], and 2.5–25% after midurethral synthetic sling [18–21]. Risk factors 

a b

Fig. 18.3 Endovaginal ultrasound of a woman presenting with a history of transobturator midure-
thral sling with a draining sinus in her right groin with the mesh. The mesh can be visualized within 
the white circles on the (a) sagittal and (b) coronal ultrasound images

Fig. 18.2 An MRI in a 
woman with a history of 
transobturator midurethral 
sling who presented with a 
draining sinus in her right 
groin. This image captures 
an elongated abscess 
between the urethra and 
anterior vaginal wall at the 
site of the prior mesh sling 
which gives rise to a sinus 
tract extending through the 
right obturator externus 
and right gracilis muscle to 
the skin in the right 
inguinal crease
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for postoperative urinary retention following MUS have been proposed to include: 
older age, concomitant surgery, vaginal vault prolapse, low preoperative urinary 
flow rate, and low detrusor contractility [22].

The diagnosis of acute urinary retention is relatively straightforward and is most 
commonly made after a failed trial of void in the recovery room, though the defini-
tion of what constitutes a successful void trial is by no means standardized. 
Occasionally, however, patients will undergo a successful void trial in the recovery 
room and present in a delayed fashion, as was reported in 3.4% of 59,556 women 
undergoing midurethral sling placement by Punjani et al. [21]. This presentation can 
be relatively straightforward with complete inability to void, weak stream, strain-
ing, or positional voiding, or may be subtler, such as new onset urinary urgency, 
frequency, or urgency incontinence. It is important for the physician to have a high 
index of suspicion of retention in patients who present in the immediate postopera-
tive period with acute onset new voiding symptoms, as retention can be present in 
the absence of complete inability to void.

There is lack of consensus among urologists and urogynecologists as to the 
appropriate management strategy for postoperative bladder outlet obstruction fol-
lowing surgical intervention for SUI [23]. Acute urinary retention will frequently 
resolve with conservative management over time and may not always require surgi-
cal intervention. It is estimated that urinary retention will persist for longer than 
4 weeks in 5% of patients undergoing retropubic and transvaginal suspensions, and 
8% of sling procedures, with pubovaginal slings being associated with a higher rate 
of retention than MUS [10]. More recently, the average incidence of postoperative 
retention after MUS requiring surgery to relieve outlet obstruction has been reported 
at only 1–2% [24]. Furthermore, normal spontaneous voiding is reported to resume 
in 81–87.5% of women who required temporary intermittent catheterization for 
acute postoperative urinary retention following MUS [25, 26]. However, many 
obstructed women who are eventually able to void without a catheter continue to 
report significant voiding dysfunction after the initial period of retention [23, 27]. 
This combined with evidence suggesting that postoperative urinary retention within 
30 days of MUS may be associated with future mesh problems requiring surgical 
intervention may prompt some to advocate for earlier surgical intervention [21]. 
Some studies suggest that earlier intervention for iatrogenic obstruction may be 
associated with better outcomes [28]. However, it is unknown whether early surgi-
cal intervention for postoperative urinary retention following SUI surgery decreases 
the risk of subsequent complications, and the optimal timing of reoperation is 
unclear.

As such, treatment of postoperative bladder outlet obstruction following SUI 
surgery is determined by a host of factors including patient symptoms severity and 
bother, temporal relationship of symptoms in relation to surgery, and procedure 
type. Given the increased risk of urinary retention following pubovaginal sling, 
many providers will elect to place a suprapubic catheter at the time of index surgery, 
especially in patient with a complicated history of prior MUS placement or compli-
cations requiring revision or removal. This is generally kept in place until normal 
emptying resumes in 1–4 weeks. Alternatively, many surgeons elect to have all 
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patients routinely taught to perform clean intermittent catheterization (CIC) after 
pubovaginal sling placement and to perform postvoid catheterization until residuals 
have decreased below a certain threshold. Aside from these prophylactic measures, 
in the setting of acute postoperative urinary retention following SUI surgery, urinary 
drainage may be accomplished via CIC or an indwelling urethral foley catheter 
when the patient is unable to perform CIC. In many cases, postoperative bladder 
outlet obstruction will resolve after a few days of catheterization, making this con-
servative measure the often-preferred initial treatment choice [26, 29, 30].

When postoperative bladder outlet obstruction is not resolved with catheteriza-
tion, surgical intervention is the mainstay for treatment. Urethral dilatation, often 
with associated downward pressure to “loosen a sling,” has been reported to improve 
voiding dysfunction in greater than 80% of patients with bladder outlet obstruction 
after surgery for SUI [31, 32]. Despite this reported success, this procedure is often 
not well tolerated and can cause considerable damage to the urethra itself and the 
surrounding tissue, is associated with future mesh erosion into the urethra, and, as 
such, is not recommended for the treatment of iatrogenic bladder outlet obstruction 
[13]. Surgical options for the management of iatrogenic bladder outlet obstruction 
include sling mobilization, sling incision, and urethrolysis.

In patients who present with acute urinary retention immediately following a 
sling procedure, sling loosening or mobilization may be the most appropriate treat-
ment option. This has been reported to successfully resolve postoperative urinary 
retention in 87–100% of cases without compromising continence (Table 18.1) [25, 
31, 33–38]. In general, this is easiest and best performed within the first 2 weeks 
following surgery [25] but has been reported as being feasible up to 21 days after 
the primary operation [37]. While this can be performed in select patients in an 
office setting [33], most often sling loosening or mobilization is performed under 
anesthesia in the operating room. Under local or general anesthetic, the vaginal inci-
sion is opened and the sling is identified. Adequate exposure is key, and the use of 
self-retaining retractors such as the Lone Star retractor or handheld retractors can 
prove helpful. If the surgeon continues to have difficulty identifying the sling, a 
cystoscope or urethral sound can be placed into the urethra with gentle upward trac-
tion to help expose the sling. Once the sling is identified, a right-angle clamp or 
hemostat can then be positioned behind the sling and downward traction applied to 

Table 18.1 Sling mobilization success and continence rates

Authors and ref. no N Resolution of retention Continent

Moksnes et al. [25] 136 89.7% 92.6%
Price et al. [31] 33 87.8% 100%
Klutke et al. [32] 17 100% 94.1%
Chang et al. [34] 5 80% 100%
Rautenberg et al. [35] 61 96.7% 95.1%
Nguyen [36] 10 100% 100%
Glavind [37] 5 100% 100%
Glavind and Shim [38] 17 100% 94%
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displace the sling approximately 1 cm to relieve obstruction. If difficulty is encoun-
tered passing an instrument behind the sling initially, a suture can be placed at the 
midpoint of the sling to aid in sling manipulation [34].

Sling incision is also reported with similar efficacy, especially in patients pre-
senting more than 3 weeks out from their index operation. It should be noted, how-
ever, that sling incision is associated with a higher rate of SUI recurrence than 
mobilization, with rates of recurrent SUI generally reported at around 14–28% [25, 
39–41], with one study reporting recurrent SUI in as many as 60% of patients who 
underwent sling incision [42]. In general, recurrent SUI is less likely to occur when 
interventions are performed more than 180 days after the initial anti-incontinence 
procedure [13]. Various techniques have been described, including: midline sling 
incision, lateral sling incision, and bilateral sling incision as well as excision of the 
suburethral portion of the sling. When sling incision is performed shortly after the 
index operation or by the index surgeon, a midline incision of the vaginal epithelium 
is appropriate. In instances where sling incision is occurring in a delayed fashion, or 
by a surgeon other than the one who placed the index sling, it may be prudent to 
proceed with an inverted U incision to optimize exposure and minimize risk of sub-
sequent mesh extrusion or incisional breakdown. Obtaining the previous operative 
report can again prove useful to determine what type of sling was placed as this may 
aid in identification of the sling. In cases of simple iatrogenic obstruction, once the 
sling is isolated, incision at the midline is usually adequate to relieve the obstruction 
without formal urethrolysis for both pubovaginal and midurethral slings [39, 40, 
43]. Frequently, after the sling is incised, a distinct retraction of the sling material 
and release of the tethered urethra is noted. In instances of a more complicated pre-
sentation such as concomitant pain or mesh extrusion, it is prudent to remove the 
suburethral portion of the sling, and we advocate excising the sling to the right and 
left of midline to prevent subsequent sling exposure or erosion. This can be per-
formed by incising the sling laterally to avoid injury to the urethra and then gently 
dissecting the sling off of the periurethral fascia laterally on each side until the pubic 
bone is reached at which time each arm of the sling can be transected. When syn-
thetic sling material is excised, it should be sent to pathology, and patients should be 
informed of how to either obtain the sling material or pathology results for their 
records when requested. For patients with solely iatrogenic obstruction, complete 
sling excision with aggressive resection and counter incisions is not recommended 
due to increased risk of incontinence.

When bladder outlet obstruction is present after retropubic or transvaginal nee-
dle suspensions, in circumstances where the sling is not identifiable, or after failed 
sling incision, a formal urethrolysis may be warranted. This technique can be per-
formed transvaginally or via a retropubic approach with cure rates reported from 
63% to 93% and recurrent SUI of around 13–18% [3, 44–49]. The goal of urethroly-
sis is to restore mobility to the urethra, bladder neck, and anterior vaginal wall.

Retropubic urethrolysis has been well described by Webster and Kreder [48]. A 
low midline or Pfannenstiel incision is made, and access to the retropubic space of 
Retzius is achieved. All retropubic adhesions are sharply excised, with any visible 
suspension sutures or slings being incised. The dissection may need to extend 
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laterally to the ischial tuberosities, which create a paravaginal defect. In the original 
description of the procedure, a formal paravaginal repair was then commonly per-
formed by reapproximating the paravaginal fascia to the arcus tendineus fas-
cia pelvis.

More commonly now, urethrolysis is performed transvaginally and has been 
described extensively in the literature [44, 50, 51]. The most common technique 
involves making an inverted U-incision on the anterior vaginal wall with the apex at 
the midurethra and the base at the bladder neck. Once the vaginal flap has been 
developed, dissection is performed sharply medial-to-lateral along the periurethral 
fascia toward the endopelvic fascia. The endopelvic fascia is then perforated sharply 
into the retropubic space. Further dissection is performed to mobilize the urethra 
from the underside of the pubic symphysis using both blunt and sharp dissection.

Suprameatal urethrolysis has also been described by Petrou et al. [52] whereby a 
semilunar, inverted U-incision is made 1 cm above the urethral meatus from 3 o’ 
clock to 9’o clock. The perineal membrane is incised in the midline, and dissection 
is carried out sharply in the plane just above the urethra, thereby releasing the ure-
thra, bladder neck, and bladder from the pubic bone and pelvic attachments. Using 
blunt dissection, the retropubic space can be entered ventral to the bladder, thereby 
disrupting the obstructing fibrous attachments with a medial-to-lateral sweeping 
motion. When present, the obstructing pubovaginal sling or suspension sutures can 
be identified and divided from this approach. The potential benefit of this approach 
is that the lateral endopelvic fascia remains preserved, which may improve urethral 
support and minimize recurrent SUI. However, the reported success rate of supra-
meatal urethrolysis is lower than transvaginal and retropubic urethrolysis with relief 
of obstructive symptoms reported at about 65% [52].

It is debated whether tissue interposition should be performed to mitigate risk of 
recurrent obstruction and in general is reserved for particular circumstances such as 
prior failed urethrolysis. This can be performed using omentum in the case of retro-
pubic urethrolysis [53], or via interposition of a Martius labial fat pad graft after 
transvaginal urethrolysis [54].

 Chronic Irritative Symptoms

Irritative (storage) symptoms such as frequency, urgency, and urge urinary inconti-
nence [UUI] may occur after SUI surgery, either as persistent or de novo symptoms. 
Patients should be counseled to expect some worsening of irritative symptoms in the 
initial postoperative period, and that these symptoms are likely to persist for up to 4 
weeks. When acute postoperative irritative symptoms occur, it is important to con-
firm that the patient is emptying well and to rule out infection. In these patients, a 
short course of anticholinergics or beta-3 agonist may be initiated during the acute 
recovery period.
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Patients with preexisting irritative symptoms are more likely to have continued 
symptoms postoperatively. In one large review, persistent postoperative urgency 
was present in 36–66% of women who underwent retropubic suspension, 54% of 
those who underwent transvaginal suspension, and 34–46% of women who under-
went sling procedures. This was compared to women without preoperative urgency, 
where de novo urgency occurred in 8–16% of those with retropubic suspensions, 
3–10% of those with transvaginal suspensions, and 3–11% of those with slings 
[10]. Some studies report resolution of irritative symptoms after MUS in patients 
with mixed urinary incontinence (MUI). Segal et al. noted resolution of preopera-
tive urgency and frequency of 57.3%, resolution of preoperative urge urinary 
incontinence of 63%, and cessation of anticholinergic medication in 57.7% of 
women who underwent MUS for MUI [55]. Zyczynski et  al. found that most 
women with MUI reported improvement in overactive bladder symptoms 1 year 
after surgical treatment of SUI with 56.6% reporting improvement after pubovagi-
nal sling, 67.9% reporting improvement after retropubic suspension, and 65–70% 
reporting improvement after MUS.  This improvement was noted to decline to 
36.5–54.1% at 5  years [56]. Despite these findings, most studies suggest that 
women with a predominant urge component of their MUI will have worse out-
comes after surgery [17, 57–59], making it imperative to appropriately diagnose 
and counsel patients prior to surgical intervention so that expectations are well-
managed. Surprisingly, in one study comparing retropubic suspension and pubo-
vaginal slings, 92% of women with MUI expected their urgency, frequency, and 
nocturia to improve despite counseling efforts to the contrary [60]. This highlights 
the importance of detailed and perhaps repeated counseling with use of decision 
aids to appropriately set expectations in women with MUI prior to surgical inter-
vention for SUI, and underscores how persistence of any irritative symptom can 
deleteriously affect a patient’s perception of success. While there are no firm pre-
dictors for resolution of irritative symptoms after surgery for SUI, increased age, 
increased time from index surgery [17, 56], and increased number of prior inconti-
nence procedures [55] appear to be associated with a higher rate of postoperative 
irritative voiding symptoms.

When irritative symptoms persist after the initial recovery period following sur-
gery for SUI, the first step is to rule out bladder outlet obstruction and erosion. 
Among patients with persistent incontinence, or those who have had multiple anti-
incontinence procedures, UDS may prove particularly useful in their evaluation. In 
the absence of obstruction or erosion, irritative voiding symptoms may be managed 
with any of the available treatment options in the arsenal for the management of 
overactive bladder including: behavioral modification, pelvic floor physical therapy, 
anticholinergics, beta-3 agonists, neuromodulation, or intradetrusor injection of 
onabotulinum toxin.
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 Infection

Urinary tract infection (UTI) is a common complication after SUI surgery, with 
estimates of postoperative UTIs occurring in 4.5–46.7% of patients, depending on 
the length of postoperative surveillance and the diagnostic criteria used [61–68]. 
Risk factors for postoperative UTI include: a history of recurrent UTIs [63, 66, 69], 
longer operative times [70], age older than 65 years [71], body mass index greater 
than 40 [71], and most notably, elevated postvoid residual [63, 72] and postoperative 
catheterization [66, 73]. As many as 80% of postoperative UTIs are attributed to 
indwelling urinary catheters [74], with one meta-analysis reporting UTI rate between 
4.3% and 32% among patients who underwent MUS and required bladder catheter-
ization postoperatively [75]. Despite this elevated risk, good antibiotic stewardship 
is essential to contain the emergence of superbugs. Antibiotic prophylaxis for 
women who require catheterization after SUI surgery remained controversial. While 
several studies support the use of prophylactic antibiotics in this population [76, 77], 
other studies fail to find benefit. Based on the best available evidence, postoperative 
oral antibiotics do not appear to be effective at reducing UTI rates in women after 
midurethral sling who require bladder catheterization compared to placebo [75]. 
When patients present with acute UTI symptoms in the first few months after sur-
gery, it is important to evaluate for urinary retention and to obtain a urine culture. If 
the culture is positive, treating with appropriate antibiotics is warranted. Empiric 
treatment of irritative voiding symptoms after surgery for SUI in the absence of a 
culture should be limited when possible as irritative symptoms may increase in the 
immediate postoperative period in the absence of infection. In the setting of recur-
rent UTIs after incontinence surgery in the absence of incomplete emptying of the 
bladder, cystoscopy should be performed to rule out suture or mesh erosion.

Wound infections are a less common complication, with an incidence of 0.1–16%, 
depending on the incontinence surgery performed [67, 68, 78–80]. In one study of 
30,723 women in the state of Washington who underwent SUI surgery before and 
after the introduction of the MUS, wound infection rates were reported at 0.1% in 
the MUS era compared to 0.4% prior to the introduction of the MUS [80]. Wound 
infections are reported more often following pubovaginal sling when compared to 
the less-invasive MUS, with one study reporting wound infection in 7.7% of patients 
who underwent pubovaginal sling [68] compared to 0.4% after TVT [81]. Risk fac-
tors for surgical site infection are similar to those of any other surgical procedure 
and include: obesity, diabetes, smoking status, and reoperation. Strategies such as 
preoperative antibiotics, changing gloves when transitioning from the vaginal to the 
abdominal surgical field, and wound irrigation have been shown to reduce postsur-
gical infections [82, 83].

Pelvic abscesses are rare but have been reported in the setting of infected hema-
toma after MUS placement. In one case series of two infected hematomas following 
MUS, both were successfully managed with ultrasound-guided aspiration and intra-
venous broad-spectrum antibiotics. Neither case required operative intervention or 
mesh removal, and continence was preserved [84].
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 Pain

Postoperative pain and neuropathy are recognized risks of SUI surgery. The mecha-
nism of pain can be related to the involvement of pelvic muscles and/or nerves in the 
trajectory of the suture or sling, sling tension, infection, or erosion. The true inci-
dence of postoperative pain following SUI surgery is difficult to assess in part due 
to the use of heterogeneous terms to define pain and pain location. The use of dia-
grams to establish location of pain has been shown to be helpful when evaluating 
new onset pain after incontinence surgery [85]. When patients present with pain out 
of proportion to examination, especially with concomitant irritative voiding symp-
toms or recurrent UTIs, cystourethroscopy should be considered to rule out mesh 
erosion [86]. The incidence of groin pain following midurethral sling has been 
reported between 1.3% and 32% [85, 87–91]. Using a strict definition of pain, a 
secondary analysis of the Trial of Midurethral slings demonstrated that surgical pain 
after midurethral sling surgery was completely resolved in approximately 70% of 
patients by 2 weeks and 90% by 6 weeks, with the odds of pain resolution increas-
ing by 12% each day up to 6 weeks after surgery. By week six, only 5.4% and 3.4% 
of patients in the transobturator and retropubic groups, respectively, were using 
medication for pain related to their operation [92]. It should also be noted that 
patient satisfaction with the procedure seems largely unrelated to postoperative pain 
[85, 92]. When conservative pain management fails, vaginal suburethral MUS 
removal can lead to pain relief in 60–80% of women [93–96]. Among 52 women 
who underwent suburethral MUS removal, only 31% required a secondary proce-
dure to remove the sling arms in the setting of persistent pain, and of those who 
underwent complete mesh removal, 56% had unchanged or worse pain [93]. There 
is some controversy as to whether a limited vaginal MUS removal will be adequate 
to relieve pain or if a more extensive removal is required, with no specific determi-
nants of who might benefit from a partial versus complete mesh excision in indi-
viduals who present with pain after MUS [93, 97]. The morbidity associated with 
complete mesh excision is not insignificant, and patients should be thoroughly 
counseled as to these risks before proceeding, including the risk of persistent pain. 
Our practice is to remain conservative and endorse a staged approach, excepting 
unique situations where there is concern that mesh infection is the source of pain.

The obturator nerve can be at risk with the placement of MUS, specifically via 
transobturator approach. Cadaveric studies have demonstrated the proximity of 
transobturator MUS to branches of the obturator nerve of around 20  mm [98]. 
Obturator nerve injury is likely caused by placing the sling too laterally. This may 
be prevented by making sure the patient’s legs are correctly positioned to avoid 
excessive flexion and provide sufficient abduction. Symptoms may include medial 
thigh or groin pain, weakness with leg adduction, and sensory loss in the medial 
thigh. While the incidence of thigh pain has been reported around 5% after transob-
turator MUS [88], true obturator nerve injury is a much less often at 0.7–0.9/1000 
MUS placements [99]. The key to managing obturator nerve injury is early diagno-
sis which can usually be made based on clinical findings alone. Decline of 
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symptoms by infiltration of local anesthetic to the area can be used to confirm the 
diagnosis and provide short-term pain management [100, 101]. There is insufficient 
literature to determine the optimal treatment of an obturator nerve injury. 
Spontaneous recovery generally occurs with conservative therapy; however, if a 
patient has significant neurological symptoms or if symptoms persist beyond 6 
weeks, surgical intervention including complete removal of the involved mesh arm 
is recommended [101, 102]. While primary nerve repair or grafting would be unex-
pected following obturator nerve injury after transobturator MUS, a neurosurgery 
consultation is prudent in the setting of significant neurologic symptoms.

The anatomy of the ilioinguinal nerve makes it vulnerable to entrapment near its 
exit from the superficial inguinal ring, where it lies almost directly superior to the 
pubic tubercle. Entrapment or injury of the ilioinguinal nerve can occur at the time 
of suprapubic transverse incisions, needle, or trocar passage. Ilioinguinal nerve 
entrapment can result in pain starting in the suprapubic region with radiation to the 
medial groin, mons, labia majora, and inner thigh and may be exacerbated with 
ambulation. Passage of needles and trocars closer to the midline and adjacent to the 
pubic bone should reduce the risk of ilioinguinal nerve injury. This complication has 
been reported after needle suspension in up to 8–16% of patients [103–105] as well 
as after tension-free vaginal tape placement [106]. The diagnosis can be confirmed 
and managed in the short term with an ilioinguinal nerve block. Symptoms can 
resolve with conservative management including ilioinguinal nerve block, physical 
therapy, and the aid of a walker without need for suture or mesh removal. However, 
if pain persists for more than 6  weeks or conservative measures are inadequate, 
surgical intervention for suture or mesh removal may be required [104].

 Vaginal Mesh Exposure and Extrusion

Synthetic mesh midurethral slings provide a reliable and efficacious long-term 
treatment for stress urinary incontinence. As such, polypropylene mesh midurethral 
slings are supported as being the “standard of care for the surgical treatment of SUI” 
by the Society of Urodynamics, Female Pelvic Medicine and Urogenital 
Reconstruction (SUFU) as well as the American Urogynecologic Society (AUGS) 
[107]. Despite the level A evidence behind the use of synthetic mesh midurethral 
slings, the use of transvaginal mesh for SUI is not without risk. One of the more 
common and unique complications is that of mesh exposure. The Food and Drug 
Administration performed a systematic review of all published literature from 1996 
to 2011 and reported that the rate of mesh exposure and extrusion through the vagina 
is 2% at 1 year following surgery [108]. To better aid in the discussion of unique 
mesh complications, the International Urogynecologic Association and the 
International Continence Society published joint classification to standardize the 
terminology of complications related to surgical mesh [109]. The term “exposure” 
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will be used to describe vaginal mesh identified visually or by palpation at the surgi-
cal incision site while “extrusion” describes the passage of mesh out of a body 
structure or tissue, and can include the delayed process of mesh gradually passing 
through the vaginal wall (Fig. 18.4).

As previously stated, the rate of mesh exposure or extrusion occurs in approxi-
mately 2% of sling placements, with a range of 0–8.1% reported in the literature 
[108, 110, 111]. The reported rate is for type 1 large-pore monofilament polypropyl-
ene mesh, which is the current standard for synthetic slings. Older slings such as the 
Obtape and Uratape have been known to have a higher rate of exposure and extru-
sion, as they were made of different mesh material which was not as porous, did not 
allow for adequate tissue ingrowth, and had higher infection rates [112]. Risk fac-
tors that may predispose to mesh exposure and extrusion include patients with dia-
betes, active smokers, and deficient nutritional status, as well as surgeon experience 
[113–116]. Possible causes of mesh exposure or extrusion are errors during sling 
placement, inadequate vaginal incision closure, vaginal incision breakdown, sub-
clinical infection, impaired wound healing, or mesh contraction.

The clinical presentation of mesh exposure or extrusion may be quite variable. It 
is not uncommon for patients to be asymptomatic on presentation and to be diag-
nosed based on exam alone. Partner pain during intercourse may also be the first 
indication of sling exposure [117]. Other symptoms may include vaginal bleeding 
or discharge, dyspareunia, recurrent infections, or palpable mesh on self-exam 
[112, 118].

When mesh exposure or extrusion is suspected, pelvic examination should be 
performed with a half speculum. The exposed mesh may present as visible or pal-
pable mesh through the vaginal tissue or as an area of granulation tissue. The course 
of the sling should be visually inspected and palpated. Vaginoscopy may be used as 
an adjunct to the exam if a high suspicion exists with inability to thoroughly 

Fig. 18.4 Mesh extrusion 
at the right vaginal fornix 
is noted here on exam with 
the aid of a half speculum 
and two Allis clamps in the 
operating room. (Image 
courtesy Anne 
Cameron MD)
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examine the course of the sling due to patient discomfort or habitus. If there is con-
cern for concomitant mesh erosion, cystourethroscopy may also be performed. 
When patients present with concern for mesh erosion or exposure having had their 
index surgery performed by another surgeon, it is valuable to obtain the operative 
report to guide in evaluation and treatment. The type of sling placed may also influ-
ence the location of delayed mesh exposure, with the transobturator approach often 
noted to expose at the fornix due to trocar trajectory. Postoperative mesh exposure 
is more likely to occur with transobturator slings [1.3%] compared with retropubic 
slings [0.7%] [119].

Upon identifying mesh exposure or extrusion, treatment will depend on a num-
ber of factors including: patient symptoms and degree of bother, the time frame 
between index surgery and mesh exposure/extrusion, the size and location of the 
exposure, and the quality of her vaginal tissue. Conservative management with 
observation and topical estrogen cream application for 6–12 weeks is reasonable in 
the asymptomatic or minimally symptomatic woman with a small exposure of less 
than 0.5 cm and may be successful in up to 40% of patients [96, 120]. Office-based 
mesh trimming may be considered for the appropriately selected patient with a 
small, easily visible region of exposed mesh. This treatment option is challenging 
however, due to patient discomfort and lack of exposure which can result in diffi-
culty visualizing the mesh. Women should be counseled that the success rate of in-
office mesh trimming is low, and that most patients will eventually require further 
exploration and excision in the operating room [120].

For larger mesh exposures, especially those presenting with early wound separa-
tion within the first 6 weeks after index surgery, local vaginal flaps can be created at 
the exposure site and advanced to close over the exposed mesh. This treatment 
option is appealing as it preserves continence. The literature evaluating success of 
vaginal flap closure reports mixed success rates of 36–100% [121–123], though it 
should be noted that time from index surgery to exposure is quite variable in these 
studies and include vaginal flap closure of mesh extrusions as well as exposures. It 
is our experience that for early mesh exposure at the surgical incision, vaginal flap 
closure is the preferred first-line treatment.

If conservative measures fail, or for larger or more delayed mesh extrusions, 
partial mesh excision should be offered. The decision on how much mesh to remove 
will depend in part on the location and size of the exposure, and it should be noted 
that incontinence rates after excision seem to increase with additional lengths of 
mesh removed. In one recent study evaluating incontinence rates after partial mesh 
excision [defined as removing only the part of the sling exposed] versus complete 
mesh excision [defined as removing the entire suburethral portion out to bilateral 
pubic rami], recurrent SUI was seen in 7% of patients with partial excision versus 
59% of those who had removal of the entire suburethral component [124]. In the 
setting of simple mesh exposure or extrusion, total mesh excision is rarely indicated 
and however may be considered when infection or severe pelvic pain is present. 
Patients should be counseled about the risks and benefits of total sling excision, 
including the risk of persistent pain as well as recurrent stress urinary incontinence.
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 Urinary Tract Erosion

Mesh or suture erosion into the urinary tract is a rare complication of surgical man-
agement of SUI. First reported in 2001 [125], there has been an increase in mesh 
erosion over time with a current incidence rate of 0.02–5.4% [10, 126]. Risk factors 
of urinary tract erosion include: unrecognized trocar perforation into the bladder at 
time of sling placement, dissection too close to the urethra with thinning and devas-
cularization of the tissue, urethral dilation post sling, excessive tensioning, or unrec-
ognized direct urethral injury. Patient may present with irritative or obstructive 
voiding symptoms, recurrent UTIs, or hematuria. As previously noted, a high index 
of suspicion is necessary when evaluating these patients, and cystourethroscopy 
should be performed. Sutures or slings that have eroded into the urinary tract may 
act as a nidus for stone formation (Fig. 18.5).

Endoscopic management is a reasonable first-line treatment option for both ero-
sions into the bladder or urethra. Endoscopic treatment can be performed with either 
a laser or endoscopic excision using an electrode loop or endoscopic scissors. In one 
systematic review of endoscopic management of mesh erosions in 198 patients, the 
initial success rate with laser excision was 67% compared to 80% with loop or scis-
sor excision. Many patients subsequently underwent repeat endoscopic removal 
with only 2–7% requiring subsequent open surgical removal for a final success rate 
of 92–98%. Complication rates were 24% and 28% in the laser and endoscopic 

Fig. 18.5 Flexible cystourethroscopy evaluation of a mesh sling eroded at the bladder neck before 
and after laser treatment of the stone encrusting the mesh. (Image courtesy Anne Cameron MD)
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groups, respectively, with 21% experiencing recurrent SUI. It should be noted that 
three vesicovaginal fistulas occurred in the group that utilized an electrode loop or 
scissors for treatment [127].

When endoscopic removal is unsuccessful, surgical removal of the eroded mesh 
should be performed. This can be done via a transvaginal approach in the setting of 
urethral or bladder neck erosion, or via suprapubic cystotomy in instances of ero-
sion of the mesh arms into the bladder. Cystotomy via laparoscopic or robotic 
approach is a reasonable alternative for mesh erosion into the bladder, and has been 
successfully described in a number of case series without major complication [128, 
129] (Fig. 18.6).

 Sexual Dysfunction

Sexual dysfunction is reported in 42–56% of women with urinary incontinence 
[130]. Vaginal innervation may be concentrated on the anterior vagina and may be 
affected by surgery for SUI [131, 132]. It is postulated that disruption of the inner-
vation of the anterior vaginal wall may be involved in the development of dyspareu-
nia [133]. Cayan et al. found that in women undergoing surgery for SUI, sexual 
function decreased more in women who underwent Burch colposuspension com-
pared to vaginal sling, particularly in arousal, lubrication, and orgasm scores [134]. 
Mazouni and colleagues reported that 25.6% of women experience some deteriora-
tion in sexual function after TVT placement [135]. Conversely, a number of studies 
have reported improvement in sexual function after surgical treatment of SUI [130, 
136, 137]. Further prospective studies are required to discern the impact of surgical 
treatment of SUI on sexual function.

 Conclusions

Complications following surgical treatment of stress urinary incontinence are not 
uncommon. It is important to perform a complete history and physical exam before 
proceeding with treatment so that the most appropriate surgical procedure for an 

Fig. 18.6 Robotic-assisted 
laparoscopic cystotomy  
for the removal of a 
transvaginal tape mesh arm 
eroded into the bladder
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individual can be selected. Shared decision-making, where patients understand a 
range of treatment options as well as their success and complication rates, will aid 
in fostering trust and patient satisfaction should complications arise. Physicians 
should have a high index of suspicion for complications when patients present with 
new voiding or storage symptoms, retention, recurrent urinary tract infections, or 
pain following surgical treatment for SUI.  When a complication is suspected, a 
thorough history and physical exam should be performed, with additional diagnostic 
tests such as cystourethroscopy or urodynamics utilized when prudent. The choice 
of treatment option for each complication should involve an assessment of patient 
bother and should include a discussion of the risk of recurrent SUI or failure to 
relieve symptoms, especially in regard to pelvic pain as this is likely multifactorial 
in nature and can be difficult to treat.
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Chapter 19
Failure of Treatment of Stress Urinary 
Incontinence

Caroline Dowling and Sandra Elmer

 Failed Sling Pathophysiology and Treatment

When a sling fails, it is a devastating moment for the patient and also the surgeon. 
Expectations for success and normalisation of function are high. Setting of expecta-
tions is often inadequate pre-operatively [1].

The analysis of sling failure is also now coloured by the regulatory and practice 
changes that have occurred in the wake of the Food and Drug Administration (FDA) 
warning in 2011 and subsequent litigation around synthetic materials or mesh, in 
the management of Stress Urinary Incontinence (SUI). Local professional bodies 
[2] continue to include synthetic mid-urethral slings (MUS) for primary SUI in their 
algorithms, but clinical practice and the regulatory bodies [3] have moved away 
from the use of the mesh MUS, particularly the transobturator route and repeating a 
synthetic sling in the event of failure.

The analysis of failure of slings to treat SUI is hampered by a lack of quality 
systematic data and the incomplete understanding of how slings fundamentally 
work. It is recognised that successful surgery for SUI is associated with increased 
urethral resistance based on urodynamic parameters such as Qmax, bladder outlet 
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obstructive index (BOOI), increased pDet and increased post void residual (PVR), 
suggesting that success relies on the creation of obstructive voiding [4].

Recent advances in the research field of urethral function [5] are an important 
reminder that the understanding of the mechanism of a sling is incomplete. 
Historically, the emphasis has been on the interplay of correction of urethral hyper-
mobility and intrinsic sphincter deficiency (ISD) with more focus on the mobility of 
the urethra as the key mechanism. This becomes a challenge in the recurrent case 
where the hypermobility has been corrected.

 Definition of Failure

Failure can be defined as either the persistence of SUI subjectively or objectively 
post-operatively, the recurrence of SUI (rSUI) where patient was dry for 6 weeks or 
more, the emergence of urge incontinence (de novo overactive bladder or OAB) or 
complications including obstruction and voiding dysfunction and those specific to 
synthetic materials, exposure, erosion and pain [6–8].

Escobar [9] in a comprehensive recent review of urodynamics in the assessment 
of failure includes both rSUI, new or worsening OAB and de novo voiding dysfunc-
tion or bladder outflow obstruction (BOO) as the three definitions of failure. For the 
purposes of this chapter, we will address rSUI (including persistent) and de novo 
OAB. Voiding dysfunction, pain and mesh-specific complications have been dealt 
with in Chap. 18.

Whether failure or recurrence is being reported needs to be examined when looking 
at outcomes of secondary procedures, and failure is considered when occurring prior 
to 12 months post-operatively and recurrence beyond this time [6]. The rate of failure 
at 5-year follow-up is highly variable and has been reported to lie between 8% and 
57% [7], and more than 50% of patients who were retreated in the Stress Incontinence 
Surgical Treatment Efficacy Trial (SISTeR) and transobturator MUS (TOMUS) trials 
were retreated within the first year [10]. A figure of around 15% seems useful and 
reflective. It is important to also remember that very few patients who have recurrent 
urinary incontinence have actual isolated rSUI on presentation [11].

Patients lose faith in their surgeon in the event of failure, particularly if there is a 
perception of inadequate evaluation. This may impact the figures around the fre-
quency of failure [12].

 Pathophysiology of Failure

The causes of failure in terms of rSUI are incompletely understood, but most fail-
ures to treat SUI have elements of persistent intrinsic sphincter deficiency (ISD), 
urethral hypermobility and mixed symptoms. Previous anti-incontinence surgery 
itself is an independent risk factor for failure [13].

C. Dowling and S. Elmer



345

There are published risk factors for sling failure. Stav [14] demonstrated that 
there is an increased risk in patients with a body mass index (BMI) >25, those with 
mixed symptoms pre-operatively, those who have had previous surgery for SUI, 
those who are diabetics and those with the presence of ISD pre-operatively. Stav 
found that concomitant surgery for pelvic organ prolapse (POP) was associated with 
a lesser risk of failure, but most other studies see concomitant surgery as an increased 
risk [14]. A 2013 systematic review by Pradhan [15] on the efficacy of the MUS in 
the treatment of recurrent SUI showed that risk factors for recurrent or persistent 
urinary incontinence after surgical treatment include age, obesity, medical comor-
bidities (e.g. diabetes mellitus), previous high-grade incontinence, mixed urinary 
incontinence and previous failed surgery.

Richter demonstrated in a study of over 600 women that prior SUI surgery, maxi-
mum Q tip excursion and severity by pad weight were all independent risk factors 
for failure [16]. This large randomised study of transobturator MUS versus retropu-
bic MUS (TOMUS study) corroborates the Stav finding of mixed symptoms as risks 
for failure and additionally notes the presence of increased pad weight, age and 
increased severity scores on pre-operative assessment [16, 17].

The position of the sling relative to the urethral length has been shown to influ-
ence the risk of failure. Bogusiewicz showed in a study on a transobturator-based 
sling that more proximal placement was associated with a higher rate of failure [18]. 
The relationship to the symphysis has also been examined with ultrasound showing 
a benefit in one study of closer placement of the TVT to the symphysis [19]. Several 
further studies have attempted to correlate ultrasound findings post sling such as 
dynamic compression, which if absent may indicate loosening, distances from sling 
to urethra and sling to pubis, with clinical outcomes, but have largely been incon-
clusive, and the techniques are evolving and their current applications are best stud-
ied and used in experienced centres [20].

The Ghoniem review examined the mechanics of Autologous Fascial Sling 
(AFS) in management of SUI with videourodynamics and showed the AFS is 
required to compress the urethra during activity [21]. Hence, its position along the 
urethra and the tension is relevant with overtension also more relevant than lack of 
tension.

 Management of Failure

The management of rSUI, regardless of material, should proceed stepwise through 
a careful evaluation of the history with emphasis on the onset, severity (subjective 
pad use) and characterisation of current symptoms and the difference to the pre- 
operative symptoms, and determine if the correct type of incontinence was treated 
in the first instance. The degree of bother is very important. The type of surgery, 
approach, synthetic implant used, preferably with the original operation report in 
hand, and the pre-operative urodynamics, if present, should be reassessed. Bladder 
diaries and standardised questionnaires (e.g. International Consultation on 
Incontinence Questionnaire (ICIQ)) are recommended [7].
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Examination of the patient should include assessment of urethral mobility (though 
standardisation of this is not established), presence and degree of POP, objective evi-
dence of SUI on cough stress test, presence of Genitourinary Syndrome of Menopause 
(GSM), attention to the unique issues of MUS including extrusion, erosion and pain, 
and the assessment of any neurological symptoms. The patients should be examined 
with a comfortably full bladder, and an objective assessment of SUI with cough and 
Valsalva made. A comprehensive discussion of the methods of assessing patient’s 
post failure is provided in excellent reviews by Escobar [9] and Fontenot [22]. The 
use of validated tools for these assessments is key for reproducibility.

Whilst mandatory pre-operative urodynamics in SUI surgery are a point of contro-
versy as neatly summarised in the review by Clarke [23], the importance of their exis-
tence becomes obvious in the event of failure. The ability to review pre- operative 
urodynamics suddenly becomes highly relevant. Failure is associated with a lower 
abdominal leak point pressure on urodynamics as demonstrated by several authors, and 
the failure to recognise this prior to primary surgery inherently increases the risk of a poor 
outcome [24]. A continuing search for urodynamic predictors of success or failure con-
tinues, and a recent publication on the utility of the bladder volume at first leakage as a 
predictor of poor outcome demonstrates this [25]. The specifics of the urodynamics study 
are well detailed by Escobar and Brucker [9] but should include a subtracted study 
assessing for the SUI itself and an assessment for ISD but also the presence of detrusor 
overactivity and the impact on voiding. Urodynamics after failed surgery are recom-
mended by the National Institute for Health and Care Excellence (NICE) guidelines [26].

Investigations should include as a minimum the assessment of the PVR and a 
mid-stream urine (MSU) analysis for microscopy and culture. The addition of flex-
ible cystoscopy or cystoscopy with a 70-degree lens to adequately inspect the blad-
der neck particularly in the case of previous MUS [6, 27] depends then on the 
complexity, concerns about the possibility of presence of perforation of mesh into 
bladder, the findings of the PVR and the patient’s motivation for further surgery 
[28]. Imaging to look at MUS position relative to the mid urethra to guide if there is 
sling misplacement and raise the option of a repeat sling [29] is supported by inter-
national guidelines [26, 30]. The surgeon should then be able to make judgements 
about the possible reasons for failure based on these assessments and undertake 
shared decision making with the patient as to the best way forward. This is done with 
the understanding of incomplete evidence to guide this decision making and rapid 
changes in local guidelines and regulatory arrangements around synthetic slings in 
particular. The recent publication in the Cochrane Database [31] reaches the sober-
ing conclusion that despite the vast numbers of MUS placed, there is an absence of 
any evidence comparing the management alternatives in the event of failure and that 
“clinicians must largely rely on expert opinion and personal experience” [31].

 De Novo OAB

De novo OAB occurs in approximately 9% of patients post sling surgery and has not 
been systematically demonstrated to occur more frequently in one sling approach 
versus another [32]. De novo OAB is a troubling symptom associated with lower 
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quality-of-life scores post-operatively [33]. The mechanism for de novo OAB in the 
absence of obstruction, infection and mesh exposure is poorly understood but an 
interruption to the autonomic innervation as a result of surgical dissection has been 
postulated. There is no doubt held by surgeons who place slings that this symptom 
is associated with a high rate of patient dissatisfaction. There are identifiable risk 
factors that should be considered such as age, previous surgery for SUI, increased 
parity and caesarean section delivery and previous anticholinergic therapy that 
increase the risk of post-operative OAB [34].

The management of de novo OAB should proceed stepwise through a careful 
evaluation as outlined previously with particular attention to the timing of symp-
toms to determine that they are de novo and not pre-existing, and that important 
causal pathologies such as hormonal status, neurological pathologies, urinary tract 
infection, stones and pelvic organ prolapse. The history and examination should be 
focussed on these conditions.

All patients should have urinalysis and an assessment of their PVR. In the event 
of an uncomplicated picture after these and the clinical assessment, it is reasonable 
to trial first- and second-line therapy for OAB as one would in an index case as there 
is an expected high rate of spontaneous resolution [34].

Cystoscopy and urodynamics should be used in those cases where BOO, foreign 
body/mesh perforation into bladder, previously unrecognised neurology, is sus-
pected. Urodynamics should proceed with fluoroscopy when BOO is suspected and 
attention to slowing the fill in the case of suspected detrusor overactivity.

Treatment of de novo OAB post sling with second-line anticholinergic medica-
tions has been studied and shown to be effective [35]. Beta-3 medication has not 
been systematically studied or shown to be as effective but is safe to be trialled with 
the same caveats that would be applied in the index case. Third-line therapy post 
sling for de novo OAB is also hampered by a paucity of data, in the case of 
Onabotulinum Toxin A.  Miotla [36] compared 53 idiopathic and 49 post MUS 
treated with 100 units of Onabotulinum Toxin A and demonstrated similar outcomes 
in terms of success. There were 4 patients who required intermittent self- 
catheterisation for incomplete bladder emptying that was symptomatic, and of 
these, 3 were in the sling group; however, these are too smaller numbers to draw 
firm conclusions. Sacral neuromodulation has been less well studied, but it was 
shown that a trial was more likely to be successful in younger patients (under 
65 years old) and within 4 years of sling placement [37].

 The Treatment of the Failed Sling with Recurrent SUI

 Conservative and Medical Therapy

In the event of rSUI, treatment should begin with discussion of conservative mea-
sures such as weight loss, pelvic floor exercises, continence pessaries and oestrogen 
replacement. The evidence for this is largely extrapolated from the treatment of 
primary SUI and is not well studied in the context of failure. The Society of 
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Obstetrics and Gynaecology of Canada recommends conservative measures as first- 
line management in recurrent SUI [38]. There is however no consensus on the role 
of physiotherapy after failed surgery, and this area needs further research. Some 
experts have expressed it is unfair to ask women to do this again, whilst other expert 
opinions state it should be revisited [7], and there is some evidence in mild cases of 
rSUI that it is effective [15]. Conservative measures, however, are not as effective as 
surgery and should be mainly considered in women who decline, or are otherwise 
not candidates for, surgery or have very mild symptoms.

Duloxetine has been approved in Europe for the treatment of SUI and has been 
shown to be effective for SUI in women [39], but the associated harms in its side 
effects, particularly gastrointestinal and psychiatric, are reported to outweigh the 
benefits [40]. The NICE guidelines recommend that Duloxetine should not be used 
as a first-line treatment or routinely offered as a second-line treatment for SUI, 
given that pelvic floor muscle training is more effective and less costly than 
Duloxetine and that surgery is more cost effective than Duloxetine [26, 28]. The use 
of off-label imipramine to increase sphincter tone has been discouraged due to its 
cardiac side effects [22].

 Surgical Management of Recurrent SUI

The decision to undertake repeat surgery for rSUI must be shared between patient 
and surgeon and well counselled. The results from repeat surgery are universally 
lesser than for primary surgery [13, 41]. The balance of risks of the repeat surgery 
versus benefits should be carefully considered. The use of a repeat synthetic MUS 
has fallen out of favour, despite outperforming urethral bulking agents (UBA) and 
sling manipulation, due to the increasing realisation of the risks of the use of syn-
thetic materials, particularly repetitively, and the magnitude of litigation since the 
FDA warnings. The advent of newer materials for UBA has made this a more 
appealing and low-risk choice for management. The AFS in a 2015 review [42] 
found to have a 79.3% pooled success rate and was the first choice of surgeons for 
failures in the TOMUS trial [10].

Studies of management options in rSUI from 2014 showed then that most urogy-
naecologists would choose a second MUS, and urologists will in 27% of cases rec-
ommend an AFS [28]. Urogynaecologists studied favoured repeat retropubic MUS 
and urethral bulking agents (UBA) as their preferred option for salvage after a failed 
MUS in 81.5% and 48.6% of respondents. This pattern of practice has changed with 
the issues around the use of transvaginal synthetic mesh for both POP and SUI 
management, but that has not yet been well documented aside from an established 
reduction in the use of synthetic mesh materials [43, 44].

Factors that may influence surgical decision making in rSUI include the presence 
or absence of urethral hypermobility after the primary procedure, the mean urethral 
closure pressure (MUCP) and the position of the original sling in the case of a pri-
mary MUS [28]. In considering a repeat MUS, synthetic material would not be 
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recommended if the urethral mucosa is breached during dissection (including inten-
tionally such as for diverticulum or fistula repair) or after excision of an eroded 
synthetic sling [27]. Certain other high-risk groups are now identified where syn-
thetics are best avoided including complex pelvic pain and/or dyspareunia, chronic 
steroid therapy, previous irradiation or extensive tissue fibrosis and scarring.

It is notable that NICE guidelines in the United Kingdom [26] recommend that 
women referred for management of a failed anti-incontinence procedure are man-
aged in a tertiary centre by a multidisciplinary team, and this would be consistent 
with best practice. Ultimately, it is a shared decision and influenced by factors cen-
tred around acceptance of a synthetic material and willingness to undertake a major 
procedure [45]. There is a recognised trade-off between efficacy and morbidity [46].

The surgical options for failed sling management are presented in approximate 
order of utility with caveats to particular situations for each intervention. Assessment 
of all of the interventional options is limited by poor-quality studies dominated by 
case series, short follow-up, heterogeneous populations and historical procedures 
and devices.

 1. Autologous Fascial Sling (AFS)
 2. Bulking Agents
 3. Repeat mid-urethral synthetic sling including adjustable sling
 4. Colposuspension – laparoscopic or open
 5. Sling plication and manipulation
 6. Bladder Neck Suspension techniques
 7. Spiral or obstructing AFS
 8. Adjustable Continence Therapy (ACT)
 9. Stem Cell Treatment
 10. Artificial Urinary Sphincter

 Autologous Fascial Sling (AFS)

Welk and Herschorn published the first series in 2012 of 33 patients using the AFS 
post failed MUS. They demonstrated a significant reduction in pad use and good 
patient satisfaction using a 13 × 2  cm sling. Publications from 2015 onwards 
acknowledge the shift in practice due to the controversies surrounding the use of 
synthetic materials for the management of SUI and POP [29]. There has been a shift 
towards the AFS as the preferred salvage procedure [21].

The analysis of the AFS as both a primary and secondary treatment for SUI is 
limited by the varying surgical methods presented in the literature. A large study of 
288 women undergoing a McGuire type [47] AFS examined 59 patients within the 
cohort who had a prior MUS, including 25 who had MUS complications of expo-
sure or obstruction requiring sling lysis. The study showed equivalent subjective 
and objective outcomes for primary and secondary AFS (59.9% versus 62.4% 
objective and 66.1% versus 69% subjective cure rates). There were more retention 
and repeat surgery in the case of the secondary AFS [48].
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Milose [49] studied 66 patients having a secondary AFS and showed only a 
37.7% objective cure rate but a 69.7% subjective cure. A smaller study by Petrou 
retrospectively demonstrated that of 21 cases of AFS post sling, 52.4% were dry, 
and importantly, there was no statistically significant impact of excision of the prior 
sling [50]. The risk of more serious complications with a larger procedure such as 
AFS needs to be incorporated into pre-operative counselling with a risk of VTE 
0.3% [51].

AFS as compared with retropubic MUS (RP MUS) has been studied in a retro-
spective series of 224 patients where one-third had an AFS and two-thirds had RP 
MUS with a patient choice-driven methodology [52]. The primary procedures were 
all slings, and two-thirds were synthetic MUS.  The outcomes for both AFS and 
MUS secondarily were equivalent at a median follow-up of 29 months, and 61.4% 
in the synthetic group and 66.1% in the AFS group were described as cured with no 
significant difference statistically. Six patients in the synthetic group needed a third 
procedure, an AFS. It is not articulated how many patients overall had a total of two 
synthetic slings and whether this was a factor in outcome or the development of 
later mesh-specific complications.

A study published nearly 10 years ago in 2011 that looked at current practice 
amongst urogynaecologists in the UK in the management of recurrent or persistent 
SUI post sling showed that 51% would consider an AFS after 2 failed procedures 
[28]. At the time, it was stated in a review article that the AFS was “unlikely to 
remain a commonly performed procedure for recurrent SUI after failed MUS” [53]. 
This is unlikely to be the case in contemporary practice.

The decision to place an AFS at the time of mesh excision or subsequently 
depends on the presence or absence of SUI at the time of mesh excision and is 
favoured if there is extensive peri-urethral dissection or when questionable tissue 
quality is present. The reason for mesh excision also informs the choice. Patients 
need to be involved in decision making as to a concomitant or staged approach [21], 
and there are only small series with wide-ranging variables as to the cause for mesh 
excision published; hence, we are only informed by expert opinion.

Consideration of important clinical and urodynamic factors like incomplete 
emptying or detrusor underactivity needs to be taken into account when choosing an 
AFS for management of rSUI given the obstructive nature of slings and the likeli-
hood of worsening emptying further [54]. This coupled with the longer length of 
surgery and recovery and risk of needing clean intermittent catheterisation (CIC) 
post-operatively [51] make urethral bulking a legitimate choice for many patients.

Modifications of the traditional McGuire [47] technique are evolving in a bid to 
make the AFS less morbid and more analogous to its synthetic counterpart. 
Twenty- six per cent of the patients in Malde’s small case series who had a 6 × 1 cm 
sling via a 3 cm suprapubic incision were for treatment of rSUI [55]. Eighty per 
cent in the rSUI group of ten cases reported improvement overall, and this was not 
markedly different to the primary group (82%). Of the entire cohort of 38, de novo 
OAB occurred in 3, 2 of whom were in the rSUI group. Further modifications 
including standardised tensioning will improve the outcomes from AFS in the 
management of primary and rSUI.  Recently, Australian data were presented, 
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indicating that post- operative voiding dysfunction can be predicted by the lax sling 
height when the knotted suture is tented above the rectus fascia. The study con-
cluded that a lax sling height of less than 40 mm was associated with a higher risk 
of post-operative urinary retention and the need for intermittent self-catheterisa-
tion and urethrolysis [56].

 Bulking Agents

The assessment of the efficacy of UBA is made difficult by the relatively recent 
advent of newer agents and their FDA approval. Data on all agents are limited with 
small single series studies dominating the literature. The agents currently most 
widely available include carbon-coated zirconium (Durasphere®); calcium hydroxyl 
apatite (Coaptite®); polydimethylsiloxane elastomer (Macroplastique®) and poly-
acrylamide hydrogel (PAHG, Bulkamid®). The latest product, PDMS-U (Urolastic®), 
is a silicone gel that polymerises when injected.

The optimal UBA will be biocompatible, durable, non-migratory and hypoal-
lergenic, whilst evoking healing with minimal scarring. With this in mind, PAHG 
has the greatest utility. In the rSUI population in an observational study of 60 
women including around a third with mixed symptoms or ISD, PAHG treatment 
was associated with an 83.6% rate of cure or improved at 12 months as defined by 
a negative cough stress test or pad weigh less than 2 gm [57]. Durability is always 
the question with UBA. The longest follow-up for PAHG in a primary population is 
two-year follow-up, which demonstrated a sustained response [58]. Long-term evi-
dence is available and demonstrates durable efficacy. Data suggest that 80% of 
patients cured or improved at 7 years when Bulkamid® was used as first-line treat-
ment for SUI [59]. Three-year follow-up data from a UK study demonstrated 82% 
cure/significant improvement at 3  months, results that were maintained at final 
follow-up [60].

Older agents such as silicone-based Macroplastique® have a risk of exposure 
with resultant stone formation, recurrent urinary tract infection and difficulty remov-
ing the agent that is rarely captured in the short-term literature [61]. Macroplastique® 
as a salvage agent had a published cure rate of around 35% at less than one-year 
follow-up in small series (23 women), but 77% of patients were said to be satisfied 
with the result [62]. In the series by Dray [11], 71% of patients experienced a posi-
tive response to either Macroplastique® or collagen which was durable to a mean of 
35 months. Interestingly, more than 50% of the cohort had a BMI greater than 30, 
and more than half the cohorts were followed to 40 months. Only 12.3% of patients 
went on to further surgery with the majority undertaking an AFS. Similar results 
were achieved in a retrospective review of Macroplastique® with a second injection 
often required to achieve subjective improvement of 83% with a mean follow-up of 
46.4 months in a population that had their sling removed prior to injection, which 
refutes the theory that the presence of the sling supports the injectable and improves 
its efficacy, but this has not been systematically studied [63]. Collagen (glutaralde-
hyde-treated bovine collagen) was withdrawn worldwide in 2011 due to its tendency 
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to be reabsorbed and lead to recurrence of symptoms [64]. Durasphere® has been 
studied post sling in 74 patients with a success rate of 40% [65].

Comparison of UBA (67 patients) versus repeat MUS (165) in a retrospective 
cohort study showed a failure rate of 38.8% in the UBA group versus 11.2% in the 
MUS group [66]. Accepting the limitations of the study design, a balanced discus-
sion needs to take place with patients as to the accepted risks of repeat sling versus 
slightly lowered efficacy in the UBA group, again rationalising the complex rela-
tionship of the efficacy/morbidity trade-off [46].

Based on these overall poor outcomes, Kavanagh in 2017 [66] suggested UBA 
should not be used except in the elderly or where there was contraindication to a 
further sling. As with the comments on the demise of the AFS, this no longer likely 
mirrors contemporary practice, and American Urological Association (AUA) guide-
lines recommend UBA as an option which offers the patient lesser recovery time 
and less invasive surgery but that patients should be counselled over the success 
rates and risk of repeat treatment [27].

 Repeat Mid-urethral Synthetic Sling Including Using an Adjustable Sling

The vogue for repeat MUS is diminishing with time. Several studies were published 
in previous years, and the large landmark series by Stav [41] with 1100 patients, 77 
of which were repeat slings, demonstrated the superiority of the retropubic (RP) 
approach in repeat surgery over the transobturator (TO) route. The same group pub-
lished the improved outcome for the RP route in the treatment of ISD, often a causal 
event in failed initial treatment [67]. This was corroborated in a retrospective study 
of 637 patients with ISD, which showed that a secondary TO MUS was associated 
with a 12 times increased risk of failure [6].

In the event of a second MUS, inherently a high-risk situation for rSUI, the TO 
route cannot be recommended [40, 68, 69]. A review examining some 10 retrospec-
tive series showed widely varying success (40–100% success) and much lesser effi-
cacy than primary treatment and supports the recommendation of the RP route in 
repeat management [7]. The 2017 Cochrane Review found that RP MUS lowers the 
risk of reoperation in ISD in the primary case [70].

Contrary to this, Abdel-Fattah in a sub-analysis of a larger TO sling study with 
9-year follow-up looked at 46 patients who had a TO sling as a secondary procedure 
and found on PGI-I the outcome compared favourably with the primary cohort with 
62% success on this criterion. However, the study showed high rates of groin pain 
and erosion in the small cohort and was limited by numbers and only 63% of the 
group having the full 9 years of follow-up available [71].

The presence of unmanaged urethral hypermobility makes sense in predicting 
those who may benefit from a second sling-based procedure, whether that be syn-
thetic or AFS. It is suggested that the more severe groups post sling failure are man-
aged with AFS, but this will likely involve a trade off with voiding function and a 
higher complication rate and longer recovery and therefore needs clear counselling 
[7]. Women who were followed for an 11-year period after repeat MUS post a failed 
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Burch or MUS had a subjective cure rate of 67% and an objective cure rate of 65% 
with satisfactory quality-of-life scores and a 78% perception of success on a 
PGI-I [72].

Owing to the fine line between overtensioning a sling and undertreating SUI, the 
concept of an adjustable sling has held appeal. However, these slings have not 
gained widespread use in either primary or recurrent incontinence. Their use has 
been reported in the recurrent case in a retrospective series in 102 women and a 
mean follow-up over 2 years [73]. A validated severity index for incontinence was 
used to evaluate the outcome, and 87.2% achieved satisfaction. This seems high 
compared with non-adjustable sling literature but with small numbers, retrospective 
design and a need for delayed sling adjustment in almost 14%, this technique 
requires further evaluation before being adopted mainstream. The European 
Guidelines of 2018 recommend these slings are only used in a trial setting [30].

The role of mesh removal prior to the secondary MUS surgery should be consid-
ered in the context of the individual case. If there is no complication related to the 
synthetic mesh material, there is no indication for its removal at the time of rSUI 
surgery and no direction from the literature in this regard [68]. Two series where 
removal was undertaken prior to second sling showed comparable outcomes for the 
secondary sling, but there is insufficient literature to be certain if this is required and 
should be a consideration on a case-by-case basis and in the context of any compli-
cations such as mesh exposure [46, 74]. Given the rates are similar when compared 
with a repeat MUS without removal, it is hard to justify removal of the primary sling 
in absence of specific mesh complications.

At this point, it is relevant to give pause and consider the three main options for 
surgical management of rSUI, the AFS, UBA and MUS, which are the most likely 
procedures to be offered [22, 27]. It is evident that these procedures are very differ-
ent to one another, and decision making for patients and clinicians alike is difficult. 
The use of scientific infographics (Fig. 19.1) for decision making in clinical practice 
may assist with this process and allow patients to understand visually the consider-
ations of their recovery time, their other co-morbidities, the presence of ISD, the 
original procedure undertaken and whether they are willing to have mesh again or 
for the first time, the presence of complicating issues such as radiation, fistula or 
excessive scarring, previous abdominal surgery and OAB and if they are needing to 
consider a tight sling and permanent clean intermittent catheterisation (CIC). Clear 
indications for AFS over a repeat synthetic MUS include pain, mesh erosion or fis-
tula [13]. Surgeons are more likely to recommend a repeat MUS but women are 
more likely to exclude the procedure which already failed from their list of options, 
by numbers alone this is more likely to be a MUS [75].

 Colposuspension: Laparoscopic or Open

The literature on the use of colposuspension techniques for salvage is sufficiently 
sparse that the approach is excluded from major guidelines [27]. A study of 16 
women with recurrent SUI described a 55% objective and 93% subjective sure rate 
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Fig. 19.1 Failed sling and recurrent stress incontinence
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after open colposuspension with the initial failed procedure poorly defined [76]. 
Giarenis in 2011 published open colposuspension after failed MUS and demon-
strated an objective cure rate of 77% and subjective rate of 85% [40]. The pooled 
analysis in the Nikolopoulos review showed an objective cure rate of 76% [42]. The 
open Burch colposuspension is invasive, increases the risk of POP and does not 
adequately address ISD. Laparoscopic and robotic Burch colposuspension for their 
minimally invasive approach hold appeal in the presence of ongoing hypermobility 
and where concomitant POP surgery by that same approach is being performed.

 Sling Plication and Manipulation

Small case series have studied the outcome of either plication [77], adjustable tech-
niques using polypropylene [78] or tape shortening [79], but all are limited by their 
numbers. Five small retrospective series were pooled for an overall success rate of 
61% [80] with a higher success rate in the RP group compared with TOT. The lack 
of data and ongoing publications in this area lead these authors to the same conclu-
sion as Kavanagh [7] who states that sling plication cannot be recommended for 
failure.

Despite this, the technique continues to be practiced and reported on with a small 
case series published in 2019 with 36 patients [81], with approximately ¾ RP and 
¼ TO and a short duration prior to plication of 6.8 weeks. Success was seen in 76%, 
and this was statistically significantly predominant in the RP group (p = 0.034) and 
a short follow-up of less than 2 years. A cautious individualised approach would be 
advised with this option for treatment.

 Bladder Neck Suspension Techniques

Bladder neck suspension (BNS) via the vaginal, retropubic or needle approach has 
been a procedure long practiced but not widely continued. In the era of increasing 
concerns around synthetic materials, however, a device-free technique to suspend the 
bladder neck and improve continence during activity has appeal. Using a traditional 
anterior vaginal wall plication was historically employed but has been shown to have 
a high failure rate for SUI and has been therefore abandoned [82]. Rashid et al. [29] 
conclude that BNS may have a role in concomitant anterior vaginal wall prolapse 
repair, in whom a MUS is contraindicated or in the presence of persistent hypermo-
bility with persistent or rSUI but the technique has been superseded by the MUS and 
is inferior to AFS or UBA as a salvage technique based on world-wide practice.

 Spiral or Obstructing Slings

Spiral and obstructing slings have been used over many years for salvage surgery. 
The particular subset of patients who fail an initial sling and have a non-mobile or 
pipe stem urethra pose a challenge for surgical management as it is difficult to 
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achieve urethral compression in the face of fibrosis, denervation and disruption of 
the peri-urethral fascia. There is also a role for compression of the urethra in a delib-
erately obstructive way in female patients with neurological conditions who are on 
CIC and continue to leak urethrally despite good bladder pressure management. The 
spiral or obstructing sling fashioned from autologous tissue or in some instances 
synthetic material offers a legitimate alternative to the artificial sphincter or formal 
bladder neck closure and continent diversion.

In the salvage neurologically intact case, a spiral sling should be considered in 
patients with low Abdominal Leak Point Pressures (ALPP) <60 cmH2o who are 
willing and able to CIC. Patients with higher ALPP can be considered where there 
is concern continence will not be achieved without compression.

Topical vaginal oestrogen as an adjunct peri-operatively should be considered. 
The pre-operative assessment of patients should otherwise proceed according to the 
previous recommendations with particular attention to the urodynamic findings of 
relevance, the ALPP and bladder pressure in the case of a neuropath and the inclu-
sion of EMG and fluoroscopy in these complex cases [83]. This latter case is at risk 
of upper tract deterioration in the event of unchecked bladder pressure in combina-
tion with outflow obstruction produced deliberately by the sling, which will also 
exacerbate any incontinence driven by detrusor overactivity.

Technical aspects of the procedure include careful attention to urethrolysis prior 
to sling placement to allow for greatest compression and the sling can be placed 
with the cross over dorsally or ventrally, relative to the urethra. Sling measurements 
vary and also depend on if synthetic or autologous material is used. Synthetic mate-
rials of 16 × 1 cm were used in one study [84]. In their technique, the urethra was 
mobilised, and the sling passed dorsally and crossed ventrally and then held with an 
Allis clamp to prevent over tensioning around the urethra during subsequent pas-
sage of the retropubic sling arms. Safe passage dorsally is assisted by close proxim-
ity to the periosteum to avoid injuring the urethra or the dorsal venous complex and 
careful dissection with a small curved Satinsky clamp is advised to achieve this part 
of the procedure. In reality, many of these cases have had several surgeries and, 
analogous to the bladder neck artificial urinary sphincter, may require a modified 
open or laparoscopic or robotic-assisted approach to ensure there is not perforation 
of other structures and to allow the sling to be placed accurately. There is a high rate 
of urethral and bladder neck iatrogenic entry during dissection in all series cited.

In the series by Rodriguez, 21 cases had a synthetic sling and 5 an autologous 
sling and three had their sling placed laterally after cross over (both limbs on one 
side). Patients had a mean of 3.5 procedures at presentation, 7 pads daily and 90% 
had an ALPP <60 cmH2O. One of the lateral synthetic slings failed and 5 of the 
bilateral synthetic slings. Two from each of those failed groups required bulking. 
None of the autologous cases failed. Mean pad use decreased to 0.9 per day and the 
mean follow- up period was 15 months. This group was able to maintain spontane-
ous voiding whilst correcting ISD in all but three cases who required CIC (all from 
the synthetic group). There was a low rate of de novo OAB [75]. Technically, the 
authors advise that the tension in the sling arms is critical to keep this low and then 
rely on the wrap for effect, and the low tension then maintains the voiding capacity. 
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Similar results were found in 28 women studied with a mean follow-up of 26 months 
and a polypropylene mesh wrap with a dorsally based cross over with a “cure” of 
SUI in 71.4% of patients [85].

The original series on spiral slings by Raz and colleagues [86] for urethral 
incompetence in neurological disease or congenital conditions or iatrogenic injury 
in multiple failed incontinence surgeries described the spiral sling using a 15 × 1 cm 
polypropylene mesh with a soft polyglactin zero suture on each end. Their results 
are similar for the 40 of the 47 patients followed up at 12 months, 68% success if 
the 7 lost to follow-up are considered failures. Forty-five per cent reported wearing 
no pads. Of the 40 patients studied, 3 required subsequent bladder neck closure and 
continent diversion. Overall, there were no other patients who required CIC.

The mechanism for such a high success rate and maintenance of spontaneous 
voiding is unclear but postulated to be about supporting the mid urethra and circum-
ferentially coapting with increased abdominal pressure [39]. It would be valuable to 
know the longer-term outcomes in these patients in terms of voiding function, de 
novo OAB and mesh-specific complications beyond 12 months and also the man-
agement of the mesh in situ prior to placing a wrap of mesh, if that is the chosen 
material. The number and nature of the neurological conditions in this series were 
also not specified. Our own contemporary management of such cases has been a 
conventionally placed AFS that is tightened at the time of placement against a 22F 
cystoscope sheath held in the urethra in a horizontal plane. A similar technique in 
patients with incontinence post vesicovaginal fistula repair, often with significant 
vaginal fibrosis as a result, is described using tightening against a Valsalva with a 
bladder filled with dye [87]. This was undertaken in 40 cases and a fascia lata har-
vested graft used. Only one patient required ongoing CIC post-operatively. This 
study was limited by follow-up and design. The use of the spiral sling has not been 
systematically evaluated in the irradiated population.

 Adjustable Continence (ACTs)

This device which functions like an adjustable implantable bluking agent has never 
gained traction as an option and there are limited studies in it use in primary or 
secondary SUI treatment. A cohort with 58% of patients with a failed sling and a 
52% dry rate using pad weigh of <2 gm as the definition. Eighty per cent of patients 
improved with lesser results with increasing severity of incontinence [88].

Kocjancic [89] published a study of 57 women all with failed previous surgery 
and ISD including 22 of women who had a failed previous sling. There was follow-
 up to 5 years and a reduction in pad use from 5.6 to 1.6 per day. Complications are 
mild in 28% and more serious in 5%, and there is a device explanation rate of 18%. 
Freton compared the outcomes of the ACT® device to the AUS AMS 800  in the 
treatment of SUI due to ISD in women. Results were in favour of the AUS with 
respect to decrease in USP SUI subscore (−7.6 vs. −3.2), number of pads per 24 h 
(−4.6 vs. −2.3), PGII scale (PGII = 1: 61.1% vs. 12%) and cure rate (71.4% vs. 
21.7%). The authors concluded that the AUS implantation was associated with 
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better functional outcomes than the ACT®, but with a higher intra-operative compli-
cations rate, longer operative time and a longer stay (Freton, 2018 #147).

A literature review of studies on ACT was published in 2013 [90] and reports a 
wide variety of results in 8 heterogeneous studies with the conclusion that the tech-
nique is relevant to the failed treatment group with ISD for whom an artificial uri-
nary sphincter would be inappropriate. This group may also have contraindications 
to a spiral sling due to previous surgeries.

 Stem Cell Therapy

Several publications exist and further work is in progress on the use of adipose and 
muscle derived stem cell-based treatments [91–93]. Mitterberger used the technique 
in 20 women with ISD and at 2 years 89% of women were cured. There are few 
publications that address stem cells in the secondary or failure case, and recent 
guidelines recommend they are only used in a trial setting [27].

 Artificial Urinary Sphincter (Indications and Methods)

Introduction

Treatment options for recurrent or persistent SUI after previous SUI surgery include 
conservative management and/or surgical management. AFS, UBA and repeat MUS 
are the favoured options in most countries. The artificial urinary sphincter (AUS) 
AMS 800 (Boston Scientific™; Inc. USA) is an alternative surgical option; how-
ever, in the USA, this is not commonly used as it is not FDA approved [94] and is 
typically considered a “last-resort” by most international guidelines. In contrast to 
this, AUS is recommended in the French guidelines as the standard of care for 
female patients with stress urinary incontinence due to ISD [95].

In current practice, the AUS is predominantly used in male patients with post- 
prostatectomy incontinence, although it was originally designed mostly for women. 
Evidence supporting the use of AUS in female patients is scarce and of poor quality, 
comprising only retrospective case series. The AUS cuff is typically implanted at 
the bladder neck level using an abdominal approach, although there have been 
descriptions of a vaginal approach which was quickly abandoned, likely due to poor 
results. Implantation of the AUS is challenging and inherently morbid. In the 
mid- 1990s, the AUS was not approved by the FDA, and as a result, the use of the 
AUS in treating female SUI has been mostly in Europe, especially France, using an 
open approach. The recent rise of the minimally invasive approach, as well as tech-
nological device refinements, has helped to overcome the technical complexity and 
lower morbidity of AUS implantation in women and there may be an increasing role 
for the AUS in the future [96]. Future high level of evidence studies is needed to 
help better define the role of AUS in the management of female patients with SUI 
resulting from ISD.
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Indications for AUS in Women

Whilst MUS placement is recognised as the gold-standard surgical treatment for 
female patients with SUI resulting from urethral hypermobility, the management is 
less clear in women with ISD-related SUI [97]. ISD is understood to be the incom-
plete coaptation of the urethral lumen due to decreased outlet resistant and is usually 
seen in patients who have failed previous anti-incontinence surgical procedures or 
patients with neurogenic SUI [96]. There is, however, no universally accepted defi-
nition of SUI due to ISD. Clinical criteria described by Cour et al. include demon-
strable SUI on cough stress test with lack of urethral mobility, a negative Marshall/
Bonney test (leakage with the urethra fixed in place), a low maximum urethral clo-
sure pressure on urodynamics or a “fixed urethra” on examination [95], in combina-
tion with other clinical criteria that reinforce the clinical suspicion of ISD (failure of 
a first anti-incontinence procedure, high SUI scores, constant leakage for any daily 
activity and/or leakage with abdominal straining) [97].

The AMS 800 has three main components attached to each other: the inflatable 
cuff (surrounding the bladder neck), the hydraulic pump (placed in the labia majora) 
and the pressure-regulating balloon (PRB) (placed in the prevesical space). In the 
normal resting mode during the storage phase of the bladder cycle, the cuff is full of 
water, circumferentially compressing the bladder neck and increasing outlet resis-
tance. During the voiding phase, the cuff decompresses, the bladder neck opens and 
the outlet resistance is lowered. The AUS theoretically restores both normal storage 
and voiding function. AUS can be considered in the treatment of female SUI when 
there is suspected ISD, i.e., patients with rSUI or persistent SUI after previous anti- 
incontinence procedures [97], neurogenic SUI (usually due to spinal cord injury, 
spina bifida, cauda equina syndrome or pelvic trauma) [98] and given the AUS is 
potentially less obstructive, it may be a useful option in female patients with severe 
detrusor underactivity [97].

The optimal timing for AUS implantation is controversial. Although ISD is the 
major indication for AUS implantation, not all women with this indication immedi-
ately undergo this procedure, and it is rarely used as a primary surgical intervention 
for female SUI, except in some neurogenic patients [99]. Chartier-Kastler et  al. 
raised that conundrum that the AUS implantation success rate decreases with the 
number of previous surgical intervention, and that for this reason, they recommend 
that AUS implantation be considered after failure of at least one but a maximum of 
two previous interventions, rather than as a last resort after failure of all previous 
surgical options [99].

Outcomes

The level of evidence supporting the use of AUS in female patients is very low and of 
poor quality. Recently, a number of systematic reviews have been performed to assess 
the utility of offering AUS to treat women with SUI. Rue evaluated the short- to long-
term AUS performance and safety outcomes in non-neurogenic adult females with 
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severe SUI. No studies were randomised or prospective. From the 12 articles included 
in their review, they found that the reported zero pad rates ranged from 42% to 86%, 
revision rates from 6% to 44% and mechanical failure rates from 2% to 41%. They 
found that procedure serious adverse event rates ranged from 2% to 54%, and rates 
of serious adverse device effects such as explanation ranged from 2% to 27% [100].

In another systematic review performed under the auspices of the International 
Continence Society and following the PRISMA statement and Cochrane Handbook 
recommendations, Peyronnet found that surgical approach, surgical volume and 
experience most likely influence peri-operative morbidity and device survival. 
Complete continence ranged from 61.1% to 100%. The post-operative complica-
tions rates varied widely and ranged from 16.7% to 33.3% in robotic series and from 
4.1% to 75% in open series. In the laparoscopic and robotic series, erosion and 
explanation rates ranged from 0% to 8.1% and 0% to 22.2%, respectively, with 
median follow-up periods of 37.5 months and 18.9 months. The two largest series 
of open AUS implantations reported the lowest rates of device explanation (7% and 
12.8%) and mechanical failures (13.6% and 15.5%) [97, 101, 102]. More recent, 
larger, robot-assisted series have shown further improved outcomes with erosion 
and major post-operative complication rates as low as 2.1% and 4.1%, respectively, 
and at last follow-up, 81.6% were fully continent, 12.2% had improved continence 
and 6.1% had unchanged incontinence [103].

Future high level of evidence studies is needed to help better define the role of 
AUS in the management of female patients with SUI resulting from ISD.

Surgical Technique

Since the launch of the first AUS (AMS 721) by American Medical Systems (Boston 
Scientific, Minnetonka, MN, USA) over 3 decades ago, the device has undergone 
many modifications, resulting in the current AMS 800 model, which is implanted in 
women in a relatively small number of centres worldwide [99]. The implantation of 
the AMS 800 can be performed using one of two approaches: the retropubic [104] 
or the transvaginal [105] approach. The transvaginal approach was quickly aban-
doned as it was associated with a relatively high morbidity and infection rate [99]. 
The location of the placement of the inflatable cuff may vary depending on the 
aetiology of incontinence; however, most commonly patients undergo bladder neck 
placement. And whilst AUS implantation was originally described using an open 
technique, recent rise of minimally invasive approaches has helped to overcome the 
technical complexity and lower morbidity [97].

Pre-operative Considerations

When deciding on AUS implantation, the patient should be able to weigh the long- 
term success rate and the quality of life (QoL) improvement against the not insignifi-
cant complications risk and potential need for future revisions. AUS implantation 
depends on the motivation level of the patient and because the AMS 800 device 
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should be manipulated by the patients herself at each void, it is crucial that she is 
accurately informed about the device before the operation [99]. Evaluate the patient’s 
manual dexterity and mental status to assess the patient’s ability to use the control 
pump before proceeding with AUS placement. Thorough work-up with history, 
examination and urodynamics should be performed, and voiding diaries, pad tests 
and incontinence questionnaires may also be useful. Cystoscopy should be performed 
to evaluate the health of the urethral tissues and exclude strictures or mesh erosion 
(which will require intervention and resolution before AUS implantation). A sterile 
pre- operative urine culture is mandatory, and peri-operative antibiotics should include 
coverage from skin and urinary tract pathogens to avoid colonisation of the implant. 
Appropriate deep venous thrombosis (DVT) prophylaxis should be prescribed.

Robot-Assisted AMS 800 Bladder Neck Implantation

Implantation of an AUS via laparoscopy with or without robotic assistance in 
women presents the following advantages: parietal sparing, better visualisation and 
a limited time of exposure to the device before implantation in order to reduce the 
risks of infection [106]. Skin is shaved to include the infraumbilical abdomen, geni-
talia and perineum, and per instructions from the manufacturer, it is recommended 
that the patient’s skin be scrubbed with a povidone-iodine soap for 10  minutes 
before surgical prep (for iodine allergy, a chlorhexidine scrub can be performed).

Bladder Neck Dissection

In the technique described by Peyronnet et al. [103], the patient is positioned in 23° 
Trendelenburg, with arms placed along her body and held in arm rests and lower 
limbs in low lithotomy. A 14Fr Foley catheter is introduced and the bladder drained. 
Four 8 mm robotic ports are placed (camera port at umbilicus, one in the right flank, 
and two at the lateral edge of the right and left rectus abdominis muscles) and an 
additional 12 mm assistant port in the left flank. The four-arm Da Vince Si/Xi robot 
is placed in the right-sided docking position. Three robotic instruments are used: a 
bipolar Prograsp forceps (left arm), scissors (internal right arm) and basic Prograsp 
forceps (external right arm). The three components of the AMS 800 are prepared as 
per the manufacturers’ guidelines.

The bladder is filled with 100–300 ml of saline to identify its boundaries, and the 
bladder is then dropped from the anterior abdominal wall. Retzius space is dissected 
and then the bladder neck and endopelvic fascia are developed, taking care to iden-
tify the bladder neck accurately. The assistant places a finger in lateral vaginal for-
nix and pushes it upward and laterally. With blunt dissection of the bladder neck 
onto the assistant’s finger, the peri-vesical fascia is entered and the shiny white 
plane of the vagina appears (the “bald plane”), where the dissection of the bladder 
neck has to be carried out. Once the dissection reaches the median line, the other 
side of the bladder neck is dissected until the two dissected spaces are joined. The 
assistant confirms that the vaginal wall is intact, and the bladder is filled with meth-
ylene blue to verify the integrity of the bladder neck [103].
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A posterior approach to the bladder neck and vesicovaginal space has also been 
described by Gondran-Tellier et al. [59], whereby the plane between the bladder and 
the vagina is dissected, with the aid of a vaginal valve, posteriorly past the bladder 
neck and then laterally to the endopelvic fascia. Once the posterior dissection has 
been completed, the surgeon approaches the dissection anteriorly, opening the space 
of Retzius and then exposing the right and left endopelvic fascia and identifying the 
bladder neck. Careful passage from the posterior plane to the anterior plane is per-
formed with Maryland bipolar forceps.

AMS-800 Placement

Once the bladder neck is circumferentially dissected, the circumference is measure 
using a measuring tape introduced through the 12 mm port. The inflatable cuff is 
then introduced through the same 12 mm post and positioned around the bladder 
neck, taking care to handle the cuff gently and avoid any damage. A 61–70 cmH2O 
PRB is implanted in the prevesical space via a 3 cm suprapubic incision and filled 
with water. The tubing from the cuff is grasped and externalised through the same 
suprapubic incision. The peritoneum is closed with a barbed suture, and the port 
sites are closed and infiltrated with local anaesthetic. The hydraulic pump is 
implanted in one of the labia majora by creating a subcutaneous passage starting 
from the suprapubic incision. The tubing from the cuff, PRB and pump is connected 
through the suprapubic incision, which is then closed and the device is deactivated 
[103]. The patient is monitored overnight with the Foley catheter in situ, and trial of 
void is performed the following morning. A short course of broad-spectrum oral 
antibiotics after discharge is used by many expert surgeons, although this is not 
recommended by AUA guidelines.

 Conclusion

Overall, there are little systematic data to guide decision making in the management 
of recurrent or persistent SUI. There is diminishing enthusiasm for sling manipula-
tion and second mesh slings with the majority of patients now likely to be offered 
UBA or AFS depending on their comorbidities and degree of leakage. In the pres-
ence of ISD, the AUA guidelines recommend consideration of either repeat MUS, 
AFS or UBA [27]. There may be unique situations where a female AUS is implanted 
or a spiral or obstructing sling considered. There is a clear need for ongoing follow-
 up and research in the field of failure to better navigate the journey for these patients.
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Chapter 20
Prolapse as a Contributing Factor to Stress 
and Urgency Urinary Incontinence

Whitney Horner and Carolyn W. Swenson

 Epidemiology of Prolapse

 Definition

Pelvic organ prolapse is a downward displacement of the pelvic organs associated 
with symptoms [1]. Pelvic organs include the anterior and posterior vaginal walls, 
uterus, vaginal apex, and neighboring organs such as the bladder, rectum, and bowel. 
Common prolapse symptoms are vaginal bulge or pressure, incomplete bowel or 
bladder emptying requiring splinting or digitation, bleeding, discharge, or low back-
ache [1, 2]. Prolapse is most symptomatic when it extends beyond the vaginal open-
ing. Diagnosis is made on clinical exam, and quantification of prolapse can be 
performed using either the Pelvic Organ Prolapse Quantification (POP-Q) [3] or 
Baden Walker grading system [4]. Categorization is made by compartment affected: 
anterior vaginal wall prolapse (cystocele), posterior vaginal wall prolapse (recto-
cele), uterine/cervical prolapse, vaginal vault prolapse (if status post hysterectomy), 
and enterocele (posthysterectomy small bowel herniation).

 Prevalence

The prevalence of prolapse has been reported to be between 3% and 50% depending 
on how prolapse is defined. In a population-based study of nearly 2000 U.S. women, 
2.9% of respondents self-reported having a symptomatic vaginal bulge [5]. Other 
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similar population-based studies have reported a prevalence of self-reported symp-
tomatic prolapse to be 6–8% [6]. When prolapse is defined using physical exam, the 
prevalence of prolapse is much higher. A study by Swift et al. found that 50.3% of 
women without prolapse symptoms presenting for routine gynecologic care had 
POP-Q stage 2 (prolapse within 1 cm of the hymen) or 3 prolapse (prolapse extend-
ing >1 cm beyond the hymen) on exam [7].

Of the different types of prolapse, anterior vaginal wall prolapse is the most com-
mon affecting more than 1 in 3 women >50 years old, followed by posterior vaginal 
wall prolapse (approximately 1  in 5) and uterine prolapse (1  in 7) [8]. For 
U.S. women, the lifetime risk of surgery for prolapse is estimated to be 12.6% [9].

 Risk Factors

Prolapse is a multifactorial disorder resulting from a culmination of anatomical fac-
tors, childbirth-related structural changes, comorbidities, and genetic risk [10]. 
Aging is perhaps the biggest risk factor for prolapse with the highest rates of pro-
lapse and surgery for prolapse, among women ≥80 years of age [11]. In a cross- 
sectional analysis of 16,616 women in the Women’s Health Initiative, women aged 
70–79 had 36% increased odds of uterine prolapse, 18% increased odds of posterior 
vaginal wall prolapse, and 35% increased odds of anterior vaginal wall prolapse 
compared to women 50–59 years of age [9]. The association between aging and 
prolapse is not yet fully understood; however, age-related skeletal muscle changes, 
neuromuscular and connective tissue damage, and repetitive pelvic floor loading 
over time may all play a role.

Vaginal delivery is another significant risk factor for prolapse, and there is a 
cumulative risk for each additional delivery [12–16]. The levator ani, the skeletal 
muscles that form the “floor” of the pelvic floor, undergoes significant stretching 
and deformation with vaginal delivery. Forceps-assisted vaginal delivery is the route 
associated with the highest risk of levator ani injury carrying an 11- to 26-fold 
increased odds compared to spontaneous births [17]. Using MRI and ultrasound, 
major levator ani defects have been observed in 34–55% of women with prolapse 
[18, 19]. The presence of a major levator ani defect carries a 7-fold increased odds 
of prolapse [20]. Even in the absence of visible injury, the pelvic floor muscles can 
sustain neurological impairment related to vaginal delivery. A study of primiparous 
women undergoing electromyography of the levator ani prior to delivery and again 
at 6 weeks and 6 months postpartum found that 24.1% of women had levator ani 
neuropathy with only 64% of recovering by 6 months [21]. In a 3D computer simu-
lation of vaginal delivery, DeLancey et al. found that the inferior rectal nerve and 
perineal nerve branches to the rectum were both stretched to 35% and 33% of their 
original lengths, respectively, exceeding the 15% strain threshold known to cause 
permanent nerve damage [22]. Denervation of the pelvic floor muscles could impair 
the levator’s functional ability to maintain normal pelvic support increasing the risk 
of prolapse development. In a study assessing levator ani strength using a specially 
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designed instrumented speculum, DeLancey et al. found that vaginal closure force 
(force generated during maximal pelvic floor muscle contraction) was 40% lower 
among women with versus without prolapse [18].

While delivery via cesarean section does significantly reduce the risk of pelvic 
floor disorders, it is not entirely protective. In a longitudinal study of 1528 women 
5–10 years following their first delivery, rates of pelvic floor disorders were found 
to be highest among women with an operative vaginal delivery (forceps or vacuum) 
and lowest in women who delivered by cesarean with spontaneous vaginal delivery 
as the reference group. However, the cesarean group still reported pelvic floor 
symptoms with prolapse present in 5%, stress urinary incontinence in 13%, and 
overactive bladder in 10.4% [23]. Lukacz et al. performed a number-needed-to-treat 
analysis and determined that seven women would have to deliver exclusively by 
cesarean section in order to prevent woman from having a pelvic floor disorder [15]. 
Therefore, the stress of pregnancy alone, independent of delivery route, may confer 
a risk of pelvic floor disorders including prolapse.

Genetic predisposition to prolapse is suggested by some studies showing a high 
concordance of prolapse with twins and increased risk of prolapse among women 
with connective tissue disorders [20, 24–26]. Women with first-degree family mem-
bers, such as a sister or mother, with prolapse, have a significant increased risk of 
prolapse themselves [13]. A recent meta-analysis and systematic review found evi-
dence supporting the association between a collagen gene (COL1A1) and prolapse 
[27]. HOXa11, a homeobox gene involved in embryonic development of the uro-
genital tract, has been reported to be significantly reduced in the uterosacral liga-
ments (USLs), a main support structure of the uterus and upper vagina, in women 
with prolapse compared to controls. Despite these studies, a “prolapse gene” has yet 
to be identified, and the genetic risk for prolapse remains unknown.

Finally, repetitive loading on the pelvic floor structures over time can increase 
the risk of prolapse. Repetitive loading refers to activities or conditions that result in 
repetitive increases in intraabdominal and pelvic pressure. These include obesity [8, 
16], chronic straining with constipation [28], and physical labor requiring heavy 
lifting such as farm and factory workers [13].

 How Could Prolapse Cause Urinary Incontinence?

 Common Risk Factors

While not all women with prolapse experience urinary incontinence, the two disor-
ders often coexist due to a shared disease mechanism. Many risk factors for pro-
lapse discussed in the prior section—such as age and vaginal delivery—are also risk 
factors for urinary incontinence.

Of the different types of prolapse, anterior vaginal wall (AVW) prolapse is most 
likely to be associated with concomitant urinary incontinence given the anatomical 
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relationship between the bladder, urethra, and anterior vaginal wall. Therefore, this 
section will focus on the causative association between AVW prolapse and urinary 
incontinence.

 Prolapse and Stress Urinary Incontinence

Up to 80% of women with prolapse also have stress urinary incontinence (SUI) [29, 
30]. AVW prolapse (Fig.  20.1) is commonly referred to as a “cystocele” which 
falsely implies this condition results from a pathology of the bladder. In truth, pro-
lapse of the bladder and urethra is a result, not a cause, of AVW prolapse which can 
be due to impaired connective tissue support at any of the three levels of pelvic sup-
port [31].

As described by DeLancey, the AVW connective tissue and endopelvic fascia 
form a hammock-like support to the urethra and bladder that is anchored laterally to 
the arcus tendineus fascia pelvis [32]. With increases in intraabdominal and intra-
vesicle pressure, the urethra compresses against this hammock, increasing 

Fig. 20.1 Clinical picture 
of a cystocele showing the 
upwardly deviated urethral 
meatus and impaired 
anterior vaginal wall 
support
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intraluminal urethral pressures and maintaining continence. AVW prolapse is 
thought to lead to SUI because when the supportive hammock fails, the urethra and 
urethrovesical junctions have nothing to counteract increases in intraabdominal 
pressure leading to “urethral hypermobility” and impaired closure of the ure-
thral lumen.

Studies looking at AVW prolapse and SUI have shown that the association is 
strongest with lower prolapse stages and that once the prolapse becomes large 
enough to “kink” the urethra and lead to outlet obstruction, rates of SUI actually 
decrease (Fig. 20.2). Burrows et al. conducted a retrospective study of 330 women 
to identify the association between prolapse and bladder symptoms and found that 
maximal AVW prolapse was lower (i.e., more positive on POP-Q) in women with-
out, versus with, SUI (+1.0 vs. 0.0 cm, p < 0.001), and apical location was also 
significantly lower in women without SUI (0.0 vs. −5.0  cm, p  <  0.001) [33]. 
Conversely, AVW and apical prolapse were significantly larger among women who 
had to manually assist bladder emptying (+3.0 vs. 0.0  cm, p  <  0.001; +1.5 vs. 
−5.0 cm, p < 0.001, respectively). These findings suggest that bladder outlet obstruc-
tion is protective of SUI.

The factor most strongly associated with SUI is maximal urethral closure pres-
sure (MUCP) which is 42% lower among women with versus without SUI [34]. As 
previously mentioned, increasing AVW prolapse size is associated with fewer SUI 
symptoms, and therefore, one may assume that increased MUCP related to manual 
obstruction of the urethra is the underlying mechanism for this. Yet, studies looking 
at the relationship between MUCP and AVW prolapse size show conflicting results. 
In a study by Bai et al., MUCP was highest among women with stage 4 AVW pro-
lapse (68.7  ±  20.3 (stage 2) vs. 67.0  ±  20.2 (stage 3) vs. 79.0  ±  30.9 (stage 4) 
mmHg); however, the difference across the three groups did not reach statistical 
significance (p = 0.07) [35]. In contrast, a study by Chang et al. reported that stress 

Fig. 20.2 Anatomical 
drawing showing the 
midsagittal relationship 
between the bladder, 
urethra, and anterior 
vaginal wall with a large 
anterior vaginal wall 
prolapse. “Kinking” of the 
urethra can be seen. 
Modification of the 
original publication from 
Halban J, Tandler 
J. Anatomie und Aetiologie 
der Genital prolapse beim 
Weibe. Vienna and 
Leipzig, Wilhelm 
Braumuller, 1907
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urethral closure pressures decreased with increasing stage of prolapse, 69.3 cmH2O, 
62.3 cmH2O, and 52.2 cmH2O, respectively, for stages 1, 2, and 3 AVW prolapse (all 
p < 0.05) [36]. However, the significance of these associations was attenuated after 
controlling for other clinical factors such as age, menopausal status, and vaginal 
parity. Age is a primary determinant of MUCP with a 15 mmHg decrease seen per 
decade of life [37] and also a major risk factor for prolapse; therefore, another 
explanation for the association between SUI and prolapse may simply be the shared 
risk factor of aging. The seemingly conflicting results of these studies suggest a 
complex relationship between AVW prolapse and urethral function. The relative 
contribution of urethral hypermobility and urethral closure pressure to the patho-
genesis of SUI may vary depending on each woman’s unique risk factors and degree 
of AVW prolapse. Therefore, a potential area for future research could focus on 
quantifying the patient-specific contribution of each risk factor to the development 
of SUI in women with AVW prolapse.

Finally, in women with advanced AVW prolapse, unanticipated SUI can occur 
with activity or certain position changes due to manual compression of the bladder 
without preceding urgency and pelvic floor muscle contraction.

 Prolapse and Urgency Incontinence

Urgency urinary incontinence (UUI) is present in 22–88% of women with prolapse 
[38]. The relative risk of UUI with prolapse has been reported to range between 1.1 
and 5.8 [39–41]. While treatment of prolapse is associated with improvement in 
UUI, treatments for UUI do not improve prolapse, suggesting the shared disease 
mechanism is primarily related to the effects of impaired bladder and urethral sup-
port [42].

Several mechanisms for the association between prolapse and UUI have been 
proposed but none definitively proven in human studies. Advanced AVW prolapse 
can cause bladder outlet obstruction and incomplete bladder emptying as well as 
mechanical compression of the displaced bladder. Over time, these factors can lead 
to irritation and remodeling of the detrusor as well as mechanical trauma to the 
urothelium. Several animal studies have shown urothelial cells release acetylcholine 
and ATP in response to chemical or mechanical stimuli, which can trigger detrusor 
muscle contractions and overactivity [40, 43–45].

 How Does Treating Prolapse Improve SUI and UUI?

As discussed in the prior section, prolapse and urinary incontinence commonly 
coexist due to closely related disease mechanisms. As such, correction of prolapse, 
by either pessary or surgery, may improve urinary symptoms via resolution of blad-
der outlet obstruction and/or improved AVW support [38, 46].
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 Pessary Use

Pessaries have been shown to be effective in both treating prolapse symptoms and 
improving degree of prolapse [47]. There are also data showing improvement in 
urinary symptoms including UUI and SUI with pessary use. In one prospective 
study of 73 women with prolapse, stress incontinence improved in 45%, urge incon-
tinence improved in 46%, and voiding difficulty improved in 53% of women after 
2 months of pessary use [48]. Another study reported that out of 97 women success-
fully fitted with a vaginal pessary, 37% had decrease in urgency and 28% had 
decrease in UUI after 4 months of use, but no significant improvement in SUI [49]. 
Conversely, Hanson et al. reported a 58% cure rate for UUI in women using pessary.

In addition to subjective improvement of urinary incontinence symptoms, objec-
tive improvement in urinary flow measurements on urodynamic studies with pes-
sary use has been demonstrated. Romanzi et  al. found that 72% of women with 
prolapse had urethral obstruction on urodynamics, and 94% of these women had 
resolution after pessary insertion [50]. Similarly, another study showed that after 
3 months of pessary use, maximum flow rate, mean flow rate, voided volume, and 
postvoid residual volume significantly improved. In the same study, 76.9% of 
women reported improvement of UUI and 58.1% of SUI. However, 20% of women 
developed new SUI with pessary use [51].

 Surgery

Surgical repair of prolapse with both reconstructive and obliterative procedures may 
also improve bothersome urinary symptoms. It is important to note that while cor-
rection of prolapse may improve SUI or UUI symptoms, the primary goal of pro-
lapse surgery is to treat prolapse symptoms and not urinary symptoms. Furthermore, 
correction of prolapse may actually cause new UUI or SUI symptoms making 
appropriate evaluation and counseling of patients critical prior to prolapse sur-
gery [52].

Baessler et al. in the 6th International Consultation on Incontinence reviewed the 
effects of prolapse surgery on bladder function. They reported that preoperative 
overactive bladder (OAB) symptoms may resolve in up to 40% of women undergo-
ing prolapse surgery [53]. Chang et al. showed that lower urinary tract symptoms 
(LUTS) improved significantly after prolapse repair both subjectively and objec-
tively on bladder diary and urodynamics [32]. In this study, validated questionnaires 
regarding LUTS and quality of life improved significantly in addition to multiple 
voiding diary parameters (nocturia episodes, daytime frequency, urgency episodes, 
and incontinence episodes) despite unchanged fluid intake, total voided volume, 
and maximum voided volume per micturition. In a review by de Boer et al., OAB 
symptoms were examined before and after prolapse repair without concomitant 
incontinence surgery. Postoperative follow-up ranged from 12 to 30 months in the 
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seven studies included. For all studies, detrusor overactivity decreased after surgery, 
and the proportion of the decrease ranged from 25% to 80% [42]. When comparing 
reconstructive surgery to obliterative procedures for prolapse, similar improvements 
in urgency and frequency symptoms are observed [54].

Although several studies show significant improvement in OAB symptoms, there 
is a risk of new OAB symptoms after prolapse repair. In a Cochrane review on the 
surgical management of prolapse, new OAB symptoms occurred in 12% of women 
after undergoing prolapse surgery [55].

In women with existing SUI prior to prolapse surgery, the likelihood that the SUI 
resolves with prolapse surgery alone without concomitant incontinence procedure is 
low. The risk of postoperative SUI with prolapse surgery alone was 39%, while the 
risk with a concomitant midurethral sling was 8–19% [55]. In women with occult 
SUI, the risk of postoperative SUI with prolapse surgery alone was 34%, while the 
risk with concomitant midurethral sling was 10–22% [55]. Colombo et  al. com-
pared anterior colporrhaphy to Burch colposuspension for treatment of AVW pro-
lapse and SUI. In this study, 52% of the women who underwent anterior repair alone 
had subjective cure of their SUI [56]. Baessler et al.’s analysis in the 6th International 
Consultation on Incontinence found that compared to women with a concomitant 
incontinence procedure at the time of prolapse repair, those without had an 11-fold 
increased odds of persistent SUI [53]. Similarly, women who were found to have a 
positive preoperative occult SUI test and did not undergo concomitant incontinence 
procedure at the time of prolapse repair had a 10-fold increased odds of new or “de 
novo” SUI after surgery compared to those who had concomitant incontinence pro-
cedure. Borstad et  al. showed that only 29% of women were cured of SUI after 
native tissue prolapse surgery alone and did not require continence surgery [57].

The use of vaginal mesh in prolapse repair can also affect risk of de novo SUI. In 
the Cochrane review on the surgical management of prolapse, anterior vaginal mesh 
repair was found to slightly increase postoperative de novo SUI when compared to 
anterior native tissue repair (RR 1.58) [55]. Baessler et al. report a de novo SUI rate 
of 8% after anterior repair compared to 14% in repairs using anterior armed 
mesh [53].

 When Should an Incontinence Procedure Be Offered 
with Pelvic Organ Prolapse Repair?

All women who are planning to undergo surgery for prolapse should be screened for 
urinary symptoms and evaluated for occult SUI to minimize the risk of de novo SUI 
after prolapse surgery which ranges from 15% to 51% [55, 58–61]. Rates of postop-
erative SUI are significantly higher in women with occult SUI who undergo pro-
lapse surgery without incontinence procedures as compared to those who have 
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concomitant incontinence procedures (OR 9.8, CI 7.1–13.6) [57, 59, 60, 62]. Liang 
et al. showed that significantly more patients with preoperative occult SUI with pes-
sary developed de novo SUI after not receiving a midurethral sling compared to 
those who underwent sling placement at 18–21 months after surgery (53% vs. 0%, 
p < 0.001) [59].

Because preoperative occult SUI significantly increases the risk for de novo SUI 
after prolapse surgery, routine evaluation should be performed preoperatively in 
women planning prolapse surgery. Occult SUI can be evaluated using a reduction 
stress test or urodynamic testing. A reduction stress test evaluates continence with 
the prolapse “reduced” simulating resolution of prolapse as would occur with a pes-
sary or surgery. There is no consensus on standard protocol for reduction stress test 
technique; however, the typical procedure is to manually reduce the prolapse and 
then have the patient cough or Valsalva up to three times with the bladder comfort-
ably full or backfilled to 300 ml. Prolapse reduction can be achieved using a large 
tip cotton scopette, the examiner’s hand, or a pessary. Visco et al. found occult SUI 
was demonstrated in 27% of otherwise stress-continent women planning sacrocol-
popexy for prolapse using reduction stress testing [60]. For women who opt for a 
pessary trial prior to surgery, this is also an opportunity to assess for occult 
incontinence.

Unfortunately, the predictive value of reduction stress testing is limited as 39% 
of women with negative testing will still develop de novo stress incontinence [60]. 
As there is no way to perfectly predict who will develop de novo SUI, all patients 
should be counseled on the possibility of de novo SUI despite negative reduction 
stress test.

Urodynamic studies are commonly performed in women prior to surgery for 
incontinence to confirm diagnosis or guide treatment decisions. However, Nager 
et  al. showed that for women with uncomplicated, demonstrable stress urinary 
incontinence, urodynamic testing did not improve treatment success rate when com-
pared to office evaluation alone consisting of provocative stress test, postvoid resid-
ual volume, assessment of urethral mobility, and absence of bladder infection 
(77.2% vs. 76.9%) [63]. When doing urodynamics in women with prolapse, stress 
maneuvers should be done with the prolapse reduced, especially with advanced 
prolapse.

 When Should a Concomitant Incontinence Procedure 
Be Offered with Prolapse Surgery?

All women undergoing surgery for prolapse should be counseled about the option 
for concomitant incontinence procedure. Below, we discuss considerations to help 
guide counseling and decision making.
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 Demonstrable SUI

In patients with coexisting SUI and prolapse, a concomitant incontinence procedure 
is generally recommended at the time of prolapse surgery. Risk of persistent SUI is 
significantly higher in those who undergo prolapse surgery without incontinence 
surgery (OR 10.9, 95% CI 7.9–15.0) as compared to those who have concomitant 
incontinence surgery [55, 53]. However, in a small percentage of women, SUI may 
improve or resolve after prolapse repair alone [55, 57]. Therefore, a staged approach 
may be preferred.

 Occult SUI

Occult SUI on reduction stress test and history of SUI before prolapse developed 
or progressed are important factors to consider when counseling patients about risk 
of postoperative SUI. Similar to demonstrable SUI, women with occult SUI are at 
risk for de novo SUI after prolapse repair (OR 9.8, 95% CI 7.1–13.6) [53]. 
Therefore, the option for concomitant or staged incontinence procedure should be 
offered.

 Prophylactic Incontinence Procedure in Continent Women

In continent women undergoing prolapse repair, the risk of de novo SUI and the 
risks and benefits of a concomitant incontinence procedure should be discussed. 
Predicting who would benefit from a prophylactic incontinence procedure is clini-
cally challenging. An option to decrease the risk of de novo SUI in previously con-
tinent women includes performing an incontinence procedure at time of prolapse 
repair. Brubaker et al. showed that undergoing concomitant Burch colposuspension 
at the time of an abdominal sacrocolpopexy significantly reduced the risk of de novo 
SUI symptoms at two years versus abdominal sacrocolpopexy alone (41.8% vs. 
57.9%; p = 0.020) [58]. However, number needed to treat with Burch colposuspen-
sion to prevent one case of urinary incontinence was 6.2. Wei et al. demonstrated 
after 12 months that undergoing TVT at the time of vaginal prolapse surgery also 
significantly decreased the risk of urinary incontinence than prolapse surgery alone 
(27.3% vs. 43.0%, p = 0.002) [61]. Similar to Brubaker’s study, number needed to 
treat with TVT to prevent one case of incontinence was 6.3. Therefore, if all women 
undergoing prolapse repair received a concomitant incontinence procedure, 57% of 
women would receive an unnecessary procedure and be subjected to the associ-
ated risks.
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 Presence of Risk Factors and Patient-Centered Outcomes

Shared decision making between the provider and patient is important to determine 
if a concomitant incontinence procedure at the time of prolapse surgery is appropri-
ate. SUI symptoms prior to prolapse development, current symptoms and quality of 
life, and results of full bladder reduction stress test and/or urodynamics should help 
guide counseling. However, it is essential to discuss the patient’s preferences and 
goals prior to surgery as unmet goals are associated with patient dissatisfaction after 
treatment [64]. For example, if a patient has a strong aversion to mesh, a sling may 
be declined despite risk factors for de novo SUI. Conversely, if a patient has a strong 
desire to avoid the risk of de novo SUI, one may perform a concomitant inconti-
nence procedure despite absence of occult SUI or risk factors. Additionally, the 
decision of whether to add a concomitant incontinence procedure may also depend 
on the planned surgery. In continent women who have repairs with vaginal mesh, 
the risk of de novo SUI is higher when compared to native tissue repair; however, 
these products are no longer on the market (RR 1.58, 95% CI 1.05–2.37) (9% vs. 
14%) [55].

 Risk Calculator for De Novo SUI

Risk stratification models are often helpful tools in shared decision making. Jelovsek 
et al. created a model to predict a woman’s individual risk of de novo stress incon-
tinence [65]. The nomogram uses risk factors including age at surgery, number of 
vaginal births, body mass index, preoperative stress test, if incontinence procedure 
performed, urine leakage associated with a feeling of urgency, and diagnosis of 
diabetes to predict the risk of de novo SUI for women undergoing prolapse repair. 
This information can be used to guide the decision to undergo an incontinence pro-
cedure at the time of prolapse repair.

 Staged Procedure

For those opting for a staged procedure, prolapse repair is performed alone, and 
urinary symptoms are monitored postoperatively. If bothersome de novo SUI devel-
ops, an incontinence procedure can then be performed as a second surgery. There 
does not seem to be a difference in subjective outcomes when comparing concomi-
tant versus delayed midurethral sling placement (risk of SUI 1–16% vs. 11%) [57].

If prolapse surgery alone does not treat urinary incontinence and intervention is 
desired, treatment of urinary incontinence should be pursued similarly to someone 
without a history of prolapse repair.
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 Conclusion

Pelvic organ prolapse and urinary incontinence are common disorders among 
women and often coexist due to a shared disease mechanism and shared risk factors. 
Although urinary symptoms can improve after correction of prolapse, persistent or 
de novo urinary incontinence is a risk following prolapse repair. Concomitant 
incontinence procedures can be offered at the time of prolapse repair to either treat 
preexisting or prevent de novo stress urinary continence.

Risk stratification and patient preferences are important to determine if a con-
comitant incontinence procedure at the time of prolapse repair is appropriate.
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Chapter 21
Incontinence After Complex Urinary 
Reconstruction: Orthotopic Neobladder 
and Gender-Affirming Surgery

Amanda C. Chi, Nancy Ye, Virginia Li, Krystal DePorto, and Polina Reyblat

 Introduction

Urinary incontinence can develop as a consequence or a complication of a variety 
of urinary reconstructive surgeries. In this chapter, we focus on various types of 
incontinence after orthotopic neobladder construction and after gender-affirming 
feminizing and masculinizing surgery. Although the workup should start the same 
with a thorough history and physical exam, there are important nuances and consid-
erations when treating these patients.

 Urinary Incontinence in Women After Orthotopic 
Urinary Diversion

The gold standard for treatment of muscle-invasive bladder cancer and high-risk 
noninvasive bladder cancer is radical cystectomy (RC) and urinary diversion [1]. In 
female patients, this historically referred to total anterior pelvic exenteration, includ-
ing cystectomy, hysterectomy, bilateral salpingo-oophorectomy, anterior vaginal 
wall resection, and urethrectomy, with ileal conduit or continent cutaneous reservoir 
urinary diversion [2]. When orthotopic neobladders were first introduced, there 
were initial concerns regarding the oncologic and functional outcomes in women, 
given their shorter urethral length. Studies since have addressed these concerns, 
suggesting that there is a relatively small percentage of urethral involvement in 
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women with bladder cancer, providing a more detailed understanding of the conti-
nence mechanism in women, and showing acceptable oncologic and functional out-
comes while preserving the urethra for the creation of orthotopic neobladders in 
selected female patients [3–10].

 Principles of Continent Orthotopic Urinary Diversion

While there are many different surgical approaches to orthotopic urinary diversion, 
the key principles to successful outcomes remain constant: (1) nonobstructed ure-
thra with preservation of an adequate external sphincter mechanism, (2) compliant 
reservoir that allows for low-pressure storage of urine, and (3) adequate capacity 
(~300–500 mL) when the reservoir is mature [11]. Various bowel segments may be 
used to construct a urinary reservoir; however, ileal neobladders have been shown to 
be more compliant than colonic neobladders [12]. Regardless of the bowel segment 
used, it is important to have adequate detubularization and creation of a spherical 
shape. It is thought that detubularizing the bowel segment disrupts the peristaltic 
contractions, thus allowing for decreased intraluminal pressure and low-pressure 
storage. The spherical geometry allows for the greatest volume of storage for a 
given surface area [13].

 Continence Mechanism

In order to understand functional outcomes relating to urinary continence after 
orthotopic urinary diversion in women, one must appreciate female urethral conti-
nence mechanisms. The female urethral sphincter is composed of striated and 
smooth muscles. Historically, it was thought that in women, the bladder neck was 
required for urinary continence, which accounted for the initial skepticism in creat-
ing orthotopic urinary diversions for women; however, studies have shown that the 
striated rhabdosphincter is most critical for urinary continence. The anatomy of the 
female rhabdosphincter was carefully evaluated through cadaveric dissections and 
showed that the striated muscle is most robust at the anterior and lateral aspects of 
the midurethra deep to the endopelvic fascia [3]. Branches of the pudendal nerve 
travel deep to the endopelvic fascia and enter the caudal portion of the urethra later-
ally to innervate the rhabdosphincter [3, 14]. Urodynamic studies have also shown 
that the primary continence zone in women after cystectomy and orthotopic urinary 
diversion is the middle third of the urethra [15]. Careful surgical technique should 
be used to limit urethral dissection superficial to the endopelvic fascia to avoid dam-
aging the rhabdosphincter and its innervation, in an effort to preserve postoperative 
incontinence.

The smooth muscle component of the urethral sphincter is primarily innervated 
by autonomic nerves that travel lateral to the vagina. The necessity of preservation 
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of these autonomic nerves is controversial. While some argue that preservation of 
the autonomic nerves is critical to continence and avoiding retention [6, 9, 16–18], 
others rely on pudendal innervation of the rhabdosphincter alone [19, 20]. Given 
lack of randomized controlled trials answering this question, it is prudent to pre-
serve the autonomic plexus when oncologically feasible [21].

 Incontinence After Orthotopic Urinary Diversion

It is very challenging to evaluate the true incidence and prevalence of urinary incon-
tinence after orthotopic diversion due to the lack of standardized outcomes report-
ing. Reservoirs take 6–12  months postoperatively to mature and acquire stable 
maximum capacity [22]. Some suggest that further evaluation and management 
should be delayed until 12–18 months to allow for the continence status to plateau 
[10, 15, 23]. The varied definitions of continence, severity of incontinence, methods 
of collecting and reporting data, length and timing of follow-up, and infrequent use 
of validated questionnaires make it difficult to meaningfully compare results 
between studies. Furthermore, studies reporting continence postorthotopic neoblad-
der tend to categorize continence by timing of continence (daytime vs. nighttime) 
rather than symptomatology (stress vs. urge vs. overflow).

Reported rates for daytime continence range from 77% to 90%, and nighttime 
continence from 57% to 86% [5, 23–25]. There appears to be gradual improvement 
in daytime continence during the first 6–12 months, while nighttime continence is 
typically slower to improve and can extend into the second year [11]. Studies have 
shown diabetes and hysterectomy to be risk factors for incontinence [26–28]. 
Anderson et al. conducted a retrospective study of 49 women who underwent RC 
and creation of orthotopic neobladder between 1996 and 2011, and determined that 
the only predictor of daytime incontinence was having a previous or concurrent 
hysterectomy. In patients with preserved continence, a higher percentage (51.2%) 
had uterine sparing surgery versus patients with incontinence, and only 13.3% had 
preserved uterus (p < 0.01). In the continent patients, bilateral nerve sparing was 
attempted in 62.8% and unilateral in 34.9%; in incontinent patients, bilateral nerve 
sparing was attempted in 36.7% and unilateral in 53.3% (p = 0.02) [17]. In 2017, a 
systematic review of 15 studies evaluated the oncologic and functional outcomes of 
pelvic organ-preserving radical cystectomy (POPRC) compared to standard RC in 
women who received orthotopic diversion. POPRC included nerve-sparing, vagina- 
sparing, or genital-sparing. There was great variability in daytime continence rates 
of 57.1–100% and nighttime continence rates of 42.9–100% of patients who under-
went POPRC [29]. Several limitations exist, including the heterogeneity between 
studies, narrative synthesis approach, and lack of preoperative continence status; 
however, this was the first systematic review of POPRC and points to the need for 
prospective multicenter studies to further assess functional outcomes in women 
undergoing POPRC.
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Careful patient selection is likely to improve outcomes as well. Women with 
higher preoperative urethral closing pressure at rest and longer functional urethral 
length were associated with postoperative continence [17]. Preoperative stress uri-
nary incontinence was associated with daytime incontinence severity. Age has also 
been proposed as a contributing factor; in a study of 41 patients with mean follow-
up of 5.7 years, age >65 years at the time of surgery was the only factor associated 
with daytime incontinence [30]. In a separate study, older age was associated with 
the presence and severity of nocturnal incontinence [27]. A component of this may 
be secondary to physiological nocturnal polyuria associated with increasing 
age [31].

Nighttime incontinence is thought to be due to rhabdosphincter relaxation, phys-
iologic diuresis, and decreased sensation resulting in overdistension of the neoblad-
der with the excess volume overcoming the urethral closure mechanism [28]. Initial 
management may include fluid reduction in the evening, emptying just prior to 
sleeping, awakening a few times overnight in order to empty the neobladder, and the 
use of an alarm clock as needed [28, 32].

 Evaluation and Workup

Initial evaluation of urinary incontinence should include review of relevant history 
and physical exam. Focused physical examination, including sensation and appro-
priate reflex testing of the abdomen, urethra, vagina, perineum, rectum, anus, and 
lower extremities, is indicated. Vaginal examination should include the use of a 
speculum to identify potential neobladder vaginal fistula [33]. Laboratory studies 
including a basic metabolic panel and urine culture can be helpful to assess renal 
function and rule out an infectious etiology of incontinence. Outpatient diagnostic 
testing including uroflowmetry, postvoid residual measurements, voiding diary to 
assess for polydipsia or nocturnal polyuria, and urodynamic studies can be utilized 
[28]. Patients with a high postvoid residual may need additional workup for pro-
lapse, which occurs in approximately 6% of this population [34]. The presence of a 
neobladder vaginal fistula must be ruled out prior to the initiation of any treatment 
(Fig. 21.1).

 Treatment

 Physical Therapy

Pelvic floor physical therapy (PFPT) was introduced by Dr. Arnold Kegel in 1948 
and is a first-line noninvasive treatment option for stress urinary incontinence [35]. 
Targeted therapeutic exercises help strengthen the pelvic floor musculature and 
enhance urethral stability, ultimately improving urinary control. In those 
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undergoing radical cystectomy with orthotopic neobladder reconstruction, it is rec-
ommended that pelvic floor physical therapy starts prior to surgical intervention 
[36, 37]. This recommendation has been extrapolated from data published by 
Centemero et al. who studied the return of postprostatectomy continence in patients 
randomized to pre- and postoperative pelvic floor physical therapy versus postop-
erative pelvic floor physical therapy alone. Those who completed pre- and postop-
erative pelvic floor physical therapy reported continence rates 24% higher than their 
counterparts 1 month after surgery. By initiating pelvic floor physical therapy pre-
operatively, patients can more expeditiously localize the pelvic floor muscles during 
the critical stages of neuromuscular reeducation. While there is no gold-standard 
treatment protocol for women with incontinence after cystectomy and neobladder 
reconstruction, Johnson et al. proposed a protocol that can be seen in Table 21.1. 
Visual biofeedbacks via mirrors, cameras, electromyography tracings, or abstract 

Urinary incontinence following radical
cystectomy with orthotopic neobladder

reconstruction

a. Physical exam including
    speculum examination

b. Adjunct testing: cystourethrogram,
    cystoscopy, and/or dye test

Neobladder
vaginal
fistula?

YES

YESYES

NO

NONO

Stress urinary
incontinence?

Neobladder
vaginal fistula

repair with
autologous sling

interposition

Neobladder
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repair with tissue
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Fig. 21.1 Flowchart detailing workup of patients with neobladder presenting with incontinence
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Table 21.1 Guideline for PFPT protocol [36]

1.  Preoperative pelvic floor 
training (initiate 4–6 weeks 
prior to surgery)

Pelvic floor coordination training and awareness training
Quick flicks 10 × 4 sets/day
Endurance training 5–10 s holds 10 × 2 sets/day

2. Postop Early mobilization: modifying mobility strategies for getting 
out of bed (log roll), sit to stand with abdominal bracing, 
avoiding heavy lifting and straining
Improving daily activity: short 10 min walks at least 3 times/
day to improve endurance and assist in GI motility
Adequate hydration with emphasis on water

3.  Post-catheter removal 
(~3 weeks post-op)

Begin PFM awareness training: learning to isolate the pelvic 
floor muscles and decrease accessory use of the gluteals, 
abdominals, and hips to improve sphincter control
Avoiding valsalva
Neobladder retraining: timed voiding (improving interval 
between voids to at least every 1.5 h) with the use of alarms, 
fluid pacing, and PFM exercises
   Nighttime voiding alarms: every 2 h

4.  Neuromuscular reeducation 
with PFPT (4–6 weeks)

Biofeedback training (either visual or via manual feedback) 
for PFM awareness training with isolating sphincter closure
Quick flicks 10 × 4 sets, endurance holds (based on objective 
findings) 5 s holds 10 × 3 sets/day
Anticipatory pelvic floor contraction reflex training with 
coughing to improve coordination
Initiate gluteal/core strengthening in supine position
Progress to functional strengthening with mobility (sit to 
stand) and use of PFM with transverse abdominous 
coactivation brace prior to movement
Patient reeducation: liber health and diet, toileting techniques, 
and PFM coordination for voiding/bowel evacuation

5.  Hypertrophy phase 
(8–12 weeks)

Progress PFM strengthening to upright positions (seated on 
physioball, standing) with cocontraction of PFM with the 
transverse abdominous
Progress endurance holds to 10 s, 15 s, 20 s as tolerated
Progress motor control to combination quick flick and 
endurance PFM training in upright positions
Biofeedback progression with motor control: pyramid, 
step-up, step-down PFM visual training
Pelvic floor muscle exercises with cognitive distraction to 
influence involuntary motor plan development
Functional mobility training: lifting, bending, gait, return to 
previous level of activity (sports, hiking, gym exercises)
Achieve voiding interval of every 4 h during day and night 
with minimal leakage
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graphic representations are important adjuncts to assist patients in the redevelop-
ment of neuromuscular connections [36]. Pelvic floor physical therapy should be 
considered for 8–12 months postoperatively, even if continence is present [37].

 Medications

Anticholinergic agents are indicated for the management of detrusor overactivity. 
Common side effects include dry eyes, dry mouth, and decreased intestinal motility, 
which may contribute to improved urinary continence in neobladder patients. The 
use of either oxybutynin or verapamil, a calcium channel blocker, alone has shown 
to improve volume at first desire to void as well as decreased frequency and ampli-
tude of uninhibited neobladder contractions. In the original studies, oxybutynin had 
a subjectively better response with 70% of patients reporting improvement of noc-
turnal enuresis compared to 55% with the use of verapamil [38]. Either medication 
can be considered in those with intestinal reservoir overactivity. However, given the 
average age of women undergoing radical cystectomy, anticholinergic agents are 
advised to be avoided given increased risk of negative side effects and dementia. 
There has been no evaluation to date of more contemporary anticholinergic agents 
or novel beta-adrenergic agonists in postcystectomy patients, but since these patients 
no longer have a detrusor muscle, it is possible that these medications that have no 
effect on bowel are not effective.

Desmopressin, a synthetic analog of antidiuretic hormone, has shown clinical 
efficacy in improving urinary incontinence and nocturia in several trials [39–41]. 
Goldberg et al. studied the use of low-dose desmopressin in patients with nocturnal 
enuresis following orthotopic neobladder reconstruction. By decreasing the volume 
of urine excreted, 50% of patients experienced longer intervals between voids and 
reported improved quality of life. Common side effects of desmopressin include 
headaches, dizziness, insomnia, dry mouth, and nausea. Patients should be moni-
tored for electrolyte abnormalities with use of desmopressin, given the risk for 
hyponatremia [42].

While there are no published data available on the use of imipramine or dulox-
etine as therapeutic options to improve continence in those with an orthotopic neo-
bladder, the use of these medications has been suggested by various investigators 
[37, 43]. Imipramine, a tricyclic amine (TCA) antidepressant, has been shown to 
cause detrusor relaxation and contraction of the bladder neck and urethra, making it 
an effective option for mixed urinary incontinence [44, 45]. Duloxetine’s effective-
ness for stress urinary incontinence stems from its presynaptic reuptake inhibition 
of serotonin and norepinephrine in Onuf’s nucleus. Stimulation of receptors in 
Onuf’s nucleus leads to increased urethral tone through the guarding reflex during 
bladder filling [46].
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The use of intravesical botulinum toxin is well defined in those with idiopathic 
and neurogenic detrusor overactivity. Its use has also been described for fecal 
urgency via injection into the rectal submucosa [47]. Michel et al. studied the use of 
botulinum toxin type A (BTXA) injections in those with augmentation enterocysto-
plasty for neurogenic detrusor overactivity. Patients received BTXA injections into 
both the native bladder and augmented intestinal patch with no severe complica-
tions [48]. Hoag et  al. injected 100–200  units of BTXA into patient’s intestinal 
reservoirs to manage neobladder overactivity. Patients reported varying degrees of 
subjective improvement at mean follow-up of 8.3  months. The combination of 
likely sphincter insufficiency and reliance on voiding via Valsalva places these 
patients at low risk for urinary retention following intravesical botulinum toxin type 
A injections; therefore, injection of 200 units is recommended, but with limited data 
on its use [49].

 Transurethral Bulking Agents

In carefully selected patients, transurethral injection of bulking agents may provide 
a minimally invasive treatment option for persistent stress urinary incontinence fol-
lowing orthotopic neobladder reconstruction. Small studies have shown variable 
and nondurable responses. In a study of 12 patients with a total of 25 injections of 
collagen or nonabsorbable carbon-coated beads, 17% of patients had complete reso-
lution of urinary leakage, 33% had some improvement, and 50% experienced no 
change in symptoms at mean follow-up of 22.5 months. When stratified by disease 
severity, 66% of those with mild-to-moderate disease, defined as use of four pads or 
less per day, had improvement or cure, while only 33% of those with severe disease 
derived benefit [50]. Tchetgen et al. reported on three women who underwent trans-
urethral collagen injections; initial outcomes were promising with all women being 
rendered dry or almost completely dry. However, maintenance injections were 
required for sustained symptom control, and one patient reverted back to her base-
line level of preprocedural incontinence [51].

Presently, collagen is no longer available for transurethral injection. Bailey et al. 
described their experience treating six women with Deflux, Macroplastique, 
Coaptite, Contingen, or Durasphere. Seventy-five percent of patients experienced 
only temporary symptom improvement, with one unfortunately developing a sec-
ondary neobladder vaginal fistula [33]. The exact location of transurethral bulking 
agent injections was not identified in the aforementioned study, but prior work by 
Pruthi et al. recommended anterior injection of bulking agents, away from the neo-
bladder neck [52]. In summary, transurethral injection of bulking agents is a thera-
peutic option one can consider with caution and proper counseling and only for 
those with mild stress urinary incontinence following orthotopic neobladder recon-
struction. Patients should be counseled regarding the high likelihood of requiring 
multiple procedures, uncertain efficacy, the risk of neobladder vaginal fistula forma-
tion, and unproven long-term benefit.
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 Slings

The use of pubovaginal autologous slings and synthetic transobturator slings has 
been described for the treatment of stress urinary incontinence in patients who fail 
more conservative treatment options. Similar to data supporting other treatment 
modalities, studies assessing the outcomes of sling placement are limited, and long- 
term results show variability with the potential for significant morbidity and 
mortality.

In a series of four patients who underwent pubovaginal sling placement after 
orthotopic neobladder reconstruction, two autologous rectus slings and two dermal 
slings, 50% of patients experienced severe complications related to the retropubic 
dissection [53]. Passage of trocars through the retropubic space unfortunately led to 
the development of an entero-neobladder fistula in one patient and an enterotomy in 
another who subsequently died from sepsis. Those who underwent dermal graft 
sling placement were hypercontinent postoperatively, requiring clean intermittent 
catheterization. Given the risk of neobladder and bowel injury, some advocate for 
the use of infrapubic bone anchors to avoid pelvic entry during sling placement [21, 
33, 54].

A small series of four pubovaginal slings placed utilizing a subperiosteal 
approach and four transobturator slings showed poor results; none of the women 
were continent secondary to sling placement alone. Transobturator sling placement 
is advantageous in this population as it avoids pelvic entry, decreasing the risk of 
neobladder and/or bowel injury [33]. More promising results were seen in a series 
of six patients who underwent transobturator vaginal tape (inside-out) placement; 
66% showed complete day and nighttime dryness, 17% showed relative improve-
ment, and 17% reported no change. Outcomes were durable at mean follow-up of 
18 months. The patient who reported no improvement in leakage had severe stress 
urinary incontinence preoperatively [54].

Although midurethral synthetic sling placement is the gold standard for treat-
ment of stress urinary incontinence in index patients, it has shown only modest 
success in those with stress urinary incontinence after orthotopic neobladder recon-
struction. The extensive pelvic dissection required during radical cystectomy leads 
to scarring and a relatively ischemic environment, both of which complicate sling 
placement. Midurethral slings are traditionally placed tension-free; however in this 
population, the goal is relative urethral obstruction to regain continence. With par-
tial urethral obstruction, there is in turn a high risk of retention and subsequent need 
for long-term intermittent catheterization. Patients must be counseled preopera-
tively and be willing and able to perform clean intermittent catheterization. 
Additionally, placement of a sling under tension in an ischemic environment 
increases the risk of erosion [55].

In patients with severe stress urinary incontinence postneobladder reconstruc-
tion, less-invasive treatment options are likely to be of limited success and carry 
risks. Frequently patients face a decision to convert the neobladder into an ileal 
conduit or consider a catheterizable pouch [43]. Given limited treatment options for 
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stress urinary incontinence in this setting, continence status needs to be carefully 
assessed prior to choosing a urinary diversion type. Counseling and shared decision 
making regarding the options for urinary diversion should be strongly influenced by 
the patient’s preoperative continence status.

 Neobladder Vaginal Fistula

An uncommon, but devastating, complication of orthotopic neobladder reconstruc-
tion is the development of a neobladder vaginal fistula, with an incidence of 0–10% 
[33, 55–57]. Known risk factors for the development of neobladder vaginal fistula 
include injury to the anterior vaginal wall during dissection, especially at the level 
of the urethra [58], overlapping suture lines, poorly vascularized tissue due to prior 
surgery or radiation, cancer recurrence, and the use of transurethral bulking agents 
[55, 57]. Additionally, the relatively thin wall of the neobladder makes it more prone 
to fistulization [58]. Neobladder vaginal fistulas can present immediately or months 
after cystectomy, with most identified in the three- to six-month range [33, 56]. The 
presence of intermittent versus constant urinary incontinence cannot reliably dif-
ferentiate a neobladder vaginal fistula from other causes of postoperative urinary 
incontinence [56]. One must be vigilant in identifying neobladder vaginal fistula 
formation from other categories of incontinence, as they may present similarly or 
simultaneously and require different management. The majority of neobladder vagi-
nal fistulas can be identified on exam. Other diagnostic options include voiding 
cystourethrogram, cystoscopy, and/or a dye test [28, 56, 59]. When a neobladder 
vaginal fistula is identified, the most likely location is at the urethral neobladder 
anastomosis, followed by the vaginal stump.

Precise surgical technique is the most important factor in the prevention of neo-
bladder vaginal fistula formation [56]. Meticulous dissection of the vesicovaginal 
plane is required to prevent inadvertent damage to the vagina [58, 60]. Additional 
maneuvers to prevent neobladder vaginal fistula formation include closing the vagi-
nal stump and embedding it posteriorly away from the neobladder urethral anasto-
mosis, suture fixation of the peritoneal edge of the anterior rectal wall to the vaginal 
stump, and securing a pedicalized omental flap between the vaginal stump and neo-
bladder urethral anastomosis [23, 60].

Conservative management of neobladder vaginal fistulas with total parenteral 
nutrition and bladder decompression has historically proven futile; most patients 
will require surgical repair [13]. If the clinical exam is suspicious for cancer recur-
rence, biopsy of the fistula needs to be performed prior to surgical repair. Use of 
transvaginal estrogen is recommended prior to surgery to optimize vaginal tissue 
quality. Transvaginal approach of fistula repair is generally recommended over 
transabdominal approach or conversion to a continent or incontinent diversion. 
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Transvaginal approach, when feasible, can provide good functional outcomes and 
does not compromise the external urinary sphincter [57, 61].

The key to repair of a neobladder vaginal fistula is closure in multiple nonover-
lapping layers. Tissue options for an interposition layer include Martius flaps, 
omental flaps, gracilis flaps, peritoneal flaps, autologous fascial grafts, and in rare 
cases, biologic glue [55–57]. An interposition layer provides additional vascularity, 
lymphatic drainage, and surface area for epithelization, and prevents suture line 
overlap. If there is suspicion for simultaneous stress urinary incontinence at initial 
presentation, an autologous fascial sling can be considered intraoperatively during 
repair as an interposition layer. Use of infrapubic bone anchors is recommended to 
prevent dissection into the retropubic space. Synthetic slings should not be used 
with concomitant fistula repair [33].

Success rates of neobladder vaginal fistula repair vary widely, ranging from 25% 
to 100% [33, 55, 57, 61]. Those with a fistula at the urethral-neobladder anastomo-
sis tend to fare worse than those with more proximal defects and have a higher rate 
of conversion to a nonorthotopic neobladder diversion [55]. In those who retain 
their orthotopic neobladder, many continue to experience urinary incontinence sec-
ondary to intrinsic sphincter deficiency and eventually require treatment [56].

 Hypercontinence

Although urinary incontinence can be common in women after orthotopic urinary 
diversion, up to 69% of women also reported some degree of hypercontinence [27, 
62]. Hypercontinence after orthotopic neobladder has been defined in the literature 
as more than 150 mL postvoid residual or inability to void [63]. Factors known to 
be protective against incontinence after orthotopic neobladder reconstruction can 
also contribute to the risk of hypercontinence. These include preservation of the 
uterus, bilateral nerve sparing, and longer functional urethral length [17]. 
Preservation of the vagina along with colposacropexy was associated with hyper-
continence in up to 80% of patients [64]. Patients can also fail to empty due to a 
large reservoir, dyssynergia of the neobladder and sphincter complex, or formation 
of pouchocele leading to urethral kinking [18, 63, 65]. Finley et  al. found that 
patients with an average of 18 degrees of urethral kinking after orthotopic neoblad-
der had associated urinary retention, and these were usually due to pouchocele. 
Patients who are in retention can be managed with clean intermittent catheterization 
initially. In those with pouchoceles, they can place a finger into the vagina to reduce 
neobladder prolapse in order to void. Patients whose hypercontinence persist after 
the initial postoperative period may benefit from correction of the prolapse in order 
to straighten the urethra and allow for improved emptying [66, 67].

21 Incontinence After Complex Urinary Reconstruction: Orthotopic Neobladder…



398

 Incontinence After Gender-Affirming Surgery

 Feminizing Surgery

In male-to-female genitourinary gender-affirming surgery (MtF GAS), nearly half 
of patients will have voiding complaints, with the reported rate of incontinence 
ranging from 5% to 19% [68–70]. Although patients present with external female 
genitourinary complex, internally, the prostate remains in place. Briefly, full depth 
vaginoplasty includes bilateral orchiectomy, removal of the corporal bodies, devel-
opment of the neovaginal canal, lining the canal with skin or peritoneal grafts, ure-
throplasty with shortening of the urethra, clitoroplasty, and labiaplasty. Patients can 
also undergo zero-depth vaginoplasty (synonymous with vulvoplasty or shallow- 
depth vaginoplasty), where a neovaginal canal is not created. Multiple techniques 
and approaches are currently in practice without clear evidence to support one spe-
cific technique. Development of the neovaginal canal relies on careful dissection of 
the potential space between the posterior aspect of the prostate and anterior aspect 
of the rectum, along Denonvilliers’ Fascia. The foundation to understanding of this 
anatomy was developed by Hugh Hampton Young in describing techniques for peri-
neal prostatectomy [71].

Patients often have a variety of voiding complaints in the short-term period after 
vaginoplasty or vulvoplasty. The majority of complaints focus on variation of uri-
nary stream, spraying, postvoid dribbling, and overall increased moisture in the 
perineal area. These symptoms are common early in the recovery period as incisions 
heal and postoperative edema improves. Additionally, new voiding dynamics in the 
sitting position with a shortened urethra will inevitably lead to occasional urine 
spray on the labia or inner thigh. Once complete emptying is confirmed, patients 
should be reassured that most urinary stream abnormalities will resolve as their 
recovery progresses.

When voiding symptoms persist past the acute postsurgical period, a complete 
evaluation of the patient should include a thorough examination of the urethra in 
combination with a speculum exam. A thorough exam can identify meatal stricture, 
urethroneovaginal or vesiconeovaginal fistula, and abnormal kinking/angulation of 
the urethra. Urethral stricture occurs in 1–6% of postvaginoplasty patients, while 
urethroneovaginal fistula occurs in 0.9–3.9% of patients [72–74]. Patients with ure-
thral stricture can present with overflow incontinence and obstruction-associated 
irritative symptoms. Patients with urethrovaginal fistula can experience split stream, 
vaginal pooling, and continuous wetness depending on the location of the fistula. 
Additionally, an isolated symptom of vaginal pooling in the absence of a fistula can 
also be perceived as urinary incontinence. In most cases, vaginal pooling can be 
explained by the nonphysiologic angulation of the urethra, retracted position of the 
urethral meatus, or redirection of stream due to redundant tissue near the meatus. In 
some cases, we have observed patients not opening their legs to straddle the toilet 
during voiding, which can lead to urine being trapped in the vagina and leakage of 
trapped urine upon standing. Excessive upward urethral angulation or meatal 
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asymmetry can also cause spraying or upward stream; this can be corrected by sur-
gically revising the location of the urethral meatus.

Workup should start with a thorough history and physical exam, assessment of 
postvoid residual, and noninvasive flowmetry studies if indicated. It is important to 
recognize that although most transfeminine patients have been on long-term estro-
gen supplementation with or without androgen blockade, they may still be at risk for 
development of benign prostatic hyperplasia (BPH) with lower urinary tract symp-
toms. The evidence remains unclear regarding the effect of castration on develop-
ment of BPH, though the literature does show several instances of MtF patients 
developing prostate cancer despite castration, suggesting that alternative sources of 
androgen synthesis still influence prostate growth [75–78]. In addition, depending 
on the age at which patients began their hormone blockade, patients may have 
already developed BPH-related bladder outlet obstruction symptoms prior to transi-
tioning. On the other end of the spectrum, studies theorize that having a smaller 
prostate from hormone therapy may lead to easier urine passage and potential stress 
urinary incontinence [79].

Detailed history can help parse out if a patient is experiencing urge, stress, over-
flow, continuous, or mixed incontinence. Baseline urinary symptoms prior to GAS 
are also helpful in identifying the source of incontinence. Lower urinary tract symp-
toms are likely to remain stable postoperatively, with the exception of patients who 
are at risk for stress urinary incontinence preoperatively. It is imperative to assess 
patients’ voiding symptoms prior to undergoing a vaginoplasty. At a minimum, we 
recommend the American Urological Association Symptom Score (AUASS) at the 
time of the initial consultation. Workup of the identified symptoms should ensue. 
Additionally, involvement of pelvic floor physical therapy early, before the surgical 
reconstruction, has shown to improve voiding function and minimize voiding dys-
function in a number of patients. Those patients who have had at least one preopera-
tive pelvic floor physical therapy session were less likely to have pelvic floor 
dysfunction as compared to patients that did only postoperative therapy (27% vs. 
86%). However, patients will still benefit from pelvic floor physical therapy postop-
eratively even if not diagnosed preoperatively [80].

Patients with a history of prior radical prostatectomy present a special challenge. 
Conventional approaches to postprostatectomy incontinence, such as placement of 
an artificial urinary sphincter (AUS) or a male sling, become difficult and poten-
tially risky. During vaginoplasty, corpus spongiosum is typically tapered at the bul-
bar urethra, leaving very little tissue between the urethra and the overlying sling or 
sphincter cuff. Furthermore, because the bulbospongiosus muscle is routinely 
removed, the implanted device may lack adequate coverage. Several approaches 
have been considered, including simultaneous AUS or male sling placement at the 
time of vaginoplasty, staged procedures, or robotic approach to position the sphinc-
ter cuff at the bladder neck. To date, no data are available to make meaningful con-
clusions. In postprostatectomy patients who at the time of evaluation do not exhibit 
urinary incontinence, counseling needs to include the possibility of development of 
de novo stress urinary incontinence from perineal dissection near the levator com-
plex. Zero-depth vaginoplasty is strongly recommended for patients with prior 
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history of radical prostatectomy. This is mainly due to increased risk of rectal injury 
and strong potential for de novo development or worsening of existing urinary 
incontinence. To some extent, this also applies to patients with prior history of trans-
urethral resection of the prostate (TURP), where the functional internal sphincter 
has been resected as part of the operation [81].

 Masculinizing Surgery

Phalloplasty and metoidioplasty can be performed to achieve gender-affirming 
goals in transmasculine patients. Metoidioplasty includes creation of a neophallus 
using existing genital tissue. The hormonally enlarged clitoris becomes the neophal-
lus shaft. For those who wish to urinate from the tip of their neophallus, urethral 
lengthening is completed, whereby the mucosal lining of the vestibule of the introi-
tus is rearranged and tubularized to construct a neourethra spanning from the native 
meatus to the tip of the neophallus. This segment of the urethra is termed the pars 
fixa (Fig. 21.2). Typically, vaginectomy is also performed at the timing of urethral 
lengthening. Phalloplasty involves creation of the neophallus using a tissue flap. 
Common donor sites include radial forearm, anterolateral thigh, latissimus dorsi, 
and abdominal flap. Depending on the flap donor site, a neourethra within the penile 
shaft can either be made at the time of phalloplasty by nestling a fasciocutaneous 
flap within the penile shaft or it can be made in separate stages. As can be expected, 
areas of potential urethral complications center mostly around watershed areas, 

a b

Fig. 21.2 (a) Sagittal view of transmasculine neophallus anatomy (b) Retrograde urethrogram 
(RUG) of neophallus. A: Bladder, B: Vaginal remnant, C: Native urethra, D: Pars fixa, E: Pars 
pendulans, F: Penile implant, *: filling defect in urethra
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typically at the anastomosis between native meatus and pars fixa and the anastomo-
sis between pars fixa and penile urethra (pars pendulous) [82].

Vaginectomy and neourethral reconstruction are components of masculinizing 
surgery that commonly contribute to voiding dysfunction. The most notable urethral 
complications are stricture and fistula formation. Incidence of urethral strictures is 
high and exceeds 50%, while fistulae occur in 10–64% of patients [83–89]. Strictures 
may lead to urinary retention and symptoms of overflow incontinence, while fistulas 
may initially appear as incontinence. Strictures at or distal to pars fixa and native 
meatus anastomosis may lead to reopening of the vaginal remnant and formation of 
a pseudodiverticulum. These patients can present with weak stream and postvoid 
dribbling of often foul-smelling urine and/or recurrent urinary tract infections. 
Evaluation of these patients requires cystoscopy with or without retrograde urethro-
gram to identify the reconstructed anatomy. At the time of urethral stricture repair, 
resection of any vaginal remnant and reobliteration of the vaginal cavity are per-
formed. In some instances, a gracilis muscle flap is used to provide additional sup-
port to the repair. For patients who present with fistula, up to 66% of these fistulas 
will resolve with conservative management such as urinary diversion with a catheter 
[84]. For those with persistent urethrocutaneous fistula, it is important to first evalu-
ate the entire urethra to rule out any distal areas of stricture that may be contributing 
to fistula formation. Once this has been addressed, the reconstructive repair is simi-
lar to patients who have urethrocutaneous fistulas, with excision of the fistula tract 
and closure in multiple layers with flap coverage as needed. Urethral strictures in 
postphalloplasty patients typically require surgical repair. In our experience, stric-
tures usually recur after urethral dilation. Excision and primary anastomosis is 
rarely a viable option due to the lack of urethral mobility and tissue redundancy. 
Substitution urethroplasty using buccal graft or full thickness skin graft is employed. 
Short strictures and strictures in pars fixa can usually be repaired with single-stage 
urethroplasty using buccal mucosal graft, whereas longer strictures and strictures in 
pars pendulous usually require staged urethroplasty using skin graft.

Phalloplasty patients can experience postvoid dribbling, usually from urine 
retained in the urethra [90]. Since the neourethra does not have supportive structures 
such as bulbospongiosus muscle, the neourethra is more likely to contain residual 
urine when compared to native urethra. These patients learn to manually press from 
the base of the phallus to the tip to express urine [91].

 Conclusion

Urinary incontinence after construction of an orthotopic neobladder and gender- 
affirming surgery varies in presentation and structural etiology. Initially, women 
undergoing cystectomy only had the options of an incontinent diversion or a cathe-
terizable pouch. The advancement of surgical techniques and a better understanding 
of female pelvic floor anatomy have enabled postcystectomy women to void per 
urethra. This advance did not come without challenges of various types of urinary 
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incontinence. A number of approaches exist to improve the continence of women 
with orthotopic neobladder; however, if all efforts fail, conversion to an ileal conduit 
or catheterizable channel construction may be required to achieve socially desirable 
dryness. In gender-affirming surgery, a thorough understanding of the reconstructed 
and retained native anatomy is essential in the workup of incontinence. Thorough 
history and physical examination in combination with a variety of diagnostic inves-
tigations from the urological armamentarium are key to determining the cause of 
incontinence. These cases present technical and intellectual challenges in both iden-
tification and treatment.
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Chapter 22
Rare Conditions Causing Incontinence 
and Their Treatment

Ariana L. Smith and Andrea C. Yeguez

 Vesicovaginal Fistula

Continuous urinary leakage approximately 1 week after benign hysterectomy is the 
sine qua non of vesicovaginal fistula (VVF). A fistula is defined as an extra- anatomic 
communication between two or more epithelial- or mesothelial-lined body cavities 
or the skin surface. The potential exists for fistula formation between any portion of 
the urinary tract (kidney, ureters, bladder, and urethra) and virtually any other body 
cavity including the reproductive organs, gastrointestinal tract, chest (pleural cav-
ity), lymphatics, vascular system, genitalia, and skin. Fistulas are named based on 
the two organ systems that are communicating (Table 22.1). Although most fistulas 
in the industrialized world are iatrogenic, they may also occur as a result of child-
birth (the most common etiology worldwide), congenital anomalies, malignancy, 
inflammation and infection, radiation therapy, surgical injury, external tissue trauma, 
foreign bodies, ischemia, and a variety of other processes (Table  22.2) [1–3]. 
Vesicovaginal fistula (VVF) is the most common acquired fistula of the urinary tract 
and, as the name suggests, is a communication between the bladder and vagina.

 Etiology

In the developing world where routine obstetrical care may be limited, VVFs most 
commonly occur as a result of prolonged obstructed labor with resulting pressure 
necrosis and tissue ischemia to the pelvic floor [4, 5]. In sub-Saharan Africa, the 
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incidence rate of obstetric VVF has been estimated at 10.3/100,000 deliveries [6]. 
The anterior vaginal wall, trigone, and urethra generally experience the greatest 
direct pressure from the trapped fetus [3]. In some instances, VVF may result from 
the use of forceps or other instrumentation during operative delivery. Obstetric fis-
tulas tend to be larger, located distally in the vagina, and may involve the proximal 
urethra. The constellation of problems resulting from obstructed labor is not limited 
to VVF, has been termed the “obstructed labor injury complex,” and includes vary-
ing degrees of each of the following: urethral loss, stress incontinence, hydroure-
teronephrosis, renal failure, rectovaginal fistula, rectal atresia, anal sphincter 
incompetence, cervical destruction, amenorrhea, pelvic inflammatory disease, sec-
ondary infertility, vaginal stenosis, osteitis pubis, and foot drop [7].

In the United States, the most common cause is injury to the bladder at the time 
of gynecologic surgery—usually hysterectomy for benign conditions (80%) [8]. 
Obstetric events (10%), surgical intervention for gynecologic malignancy (5%), and 
pelvic radiotherapy (5%) are less common etiologies of VVF [8, 9]. Fistulas associ-
ated with malignancy and prior radiation therapy are generally complex.

Posthysterectomy VVFs are thought to result most commonly from an unrecog-
nized cystotomy near the vaginal cuff (Fig.  22.1). Other potential contributing 
causes include suture placement into the bladder leading to pressure necrosis and 

Table 22.1 Urinary Tract Fistulas: Fistulas are named based on the two organ systems in 
communication

Name Organs involved

Urogynecologic Fistulas

Vesicovaginal Bladder Vagina
Ureterovaginal Ureter Vagina
Vesicouterine Bladder Uterus
Urethrovaginal Urethra Vagina
Uroenteric Fistulas

Vesicoenteric Bladder Intestine
Ureteroenteric Ureter Intestine
Pyeloenteric Renal Pelvis Intestine
Rectourethral Rectum Urethra
Urovascular Fistulas

Renovascular Kidney Vasculature
Pyelovascular Renal Pelvis Vasculature
Ureterovascular Ureter Vasculature
Other Fistulas

Nephropleural Kidney Lung pleura
Nephrobronchial Kidney Bronchia
Vesicocutaneous Bladder Skin
Ureterocutaneous Ureter Skin
Urethrocutaneous Urethra Skin
Pyelocutaneous Renal pelvis Skin
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Table 22.2 Etiology of urinary tract Fistulas

Causes Examples

Parturition Prolonged obstructed labor
Obstetric trauma/forceps laceration
Uterine rupture

Postoperative/iatrogenic Gynecologic, urologic, or pelvic surgery
Cesarean section
Synthetic mesh surgery

Congenital anomalies Cloacal variants
Malignant disease Gynecologic, urologic, or other pelvic cancer
Inflammation Endometriosis

Pelvic inflammatory disease
Urethral diverticulum

Infection Pelvic abscess
Perirectal abscess

Ischemia Bladder neck/trigone compression leading to ischemia
Radiation therapy External beam therapy

Brachytherapy
Foreign body Neglected pessaries

Intrauterine device
Residual surgical material

Trauma Pelvic facture
Sexual violence

Fig. 22.1 A 
posthysterectomy fistula 
demonstrating a small 
vesicovaginal fistula at the 
level of the posterior 
bladder wall near the apex 
of vagina (blue catheter is 
traversing the fistula tract)
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tissue loss, improper placement of clamps or cautery, and infections of the vaginal 
or perivaginal tissue. The operative approach to hysterectomy is an important factor, 
as bladder injuries are at least two times more common during laparoscopic hyster-
ectomy compared to total abdominal hysterectomy, and the rate of bladder injury 
may also be higher during robotic hysterectomy [2, 10]. Subtotal abdominal hyster-
ectomy and vaginal hysterectomy have lower risk of fistula [11]. Patients who 
develop a VVF are more likely to have a large cystotomy, greater tobacco use, larger 
uterine size, longer surgery time, and more operative blood loss [12, 13]. Fistulas 
are more common in women who are over 50 years of age at the time of hysterec-
tomy, presumably due to estrogen deficiency and resultant changes in vaginal tissue 
quality [11].

 Impact

The physical and psychological impact of VVF can be considerable for the affected 
individual and the medicolegal implications daunting for the provider. Expeditious 
management to minimize patient discomfort is critical as is an honest, positive doc-
tor–patient relationship. Prevention of iatrogenic injury to the urinary tract through 
enhanced education, careful execution of pelvic surgery, and precise delivery of 
radiotherapy may decrease fistula formation.

 Diagnosis

The presenting signs and symptoms of urinary tract fistulas are variable and depend 
to a large degree on the involved organs, the presence of underlying urinary obstruc-
tion or infection, the size of the fistula, and associated medical conditions such as 
malignancy. The most common complaint with VVF is constant urinary drainage 
per vagina, although small fistulas may present with intermittent wetness that is 
positional in nature and mistaken for stress incontinence. VVF must be distin-
guished from urinary incontinence due to other causes including stress (urethral) 
incontinence, urgency (bladder) incontinence, and overflow incontinence. Patients 
may also complain of recurrent cystitis, perineal skin irritation due to constant wet-
ness, vaginal fungal infections, or rarely pelvic pain. When a large VVF is present, 
patients may not void at all and simply have continuous leakage of urine into the 
vagina. VVF following hysterectomy or other surgical procedures may present on 
removal of the urethral catheter or may present 1–3 weeks later with urinary drain-
age per vagina. VVFs resulting from hysterectomy are usually located high in the 
vagina at or just anterior to the vaginal cuff. VVF resulting from radiation therapy 
may not present for months to years following completion of radiation. These tend 
to represent some of the most challenging reconstructive cases in urology due to the 
size, complexity, and the associated voiding dysfunction due to the radiation effects 
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on the bladder. The tissue ischemia that results from radiation therapy may involve 
the surrounding tissues, limiting reconstructive options.

A pelvic exam with a speculum should always be performed in an attempt to 
locate the fistula and assess the size and number of fistulas present. Palpation to 
assess for masses or other pelvic pathology, which may need to be addressed at the 
time of fistula repair, should be performed. Additionally, an assessment of inflam-
mation surrounding the fistula is necessary as it may affect timing of the repair. 
Instilling blue dye into the bladder and observing for discolored vaginal drainage 
can confirm the presence of a VVF. A double dye test may confirm the diagnosis of 
urinary fistula as well as suggest the possibility of an associated ureterovaginal or 
urethrovaginal fistula. To perform this test, a tampon is placed in the vagina, oral 
phenazopyridine is administered, and blue dye is instilled into the bladder. If the 
tampon is discolored yellow-orange at the top, it is suggestive of a ureterovaginal 
fistula. Blue discoloration in the midportion of the tampon suggests VVF, whereas 
blue staining at the bottom suggests a urethrovaginal fistula. Diagnosis and localiza-
tion of urinary tract fistulae and evaluation of concomitant injury or pathology gen-
erally involve the use of voiding cystourethrography, urography (intravenous, CT, 
or retrograde pyelography), or other cross-sectional imaging, with or without endo-
scopic evaluation.

Voiding cystourethrography (VCUG) can be used to assess the size and location 
of a vesicovaginal or urethrovaginal fistula. Some small fistulas may not be seen 
radiographically unless the bladder is filled to capacity and a detrusor contraction is 
provoked. VCUG can also assess for vesicoureteral reflux. Intravenous urography, 
computed tomography urography (CTU), and/or retrograde pyeloureterography 
(RPG) can assess for concomitant ureteral injury, stricture, and/or ureterovaginal 
fistula, which has been reported to occur in up to 12% of patients [14]. Contrast 
material in the vagina, air in the bladder, and bladder wall thickening are signs sug-
gestive of the presence of a fistula. Cross-sectional pelvic imaging (magnetic reso-
nance imaging [MRI]/computed tomography [CT]) is recommended if malignancy 
is suspected. CT cystography can be useful when VCUG is nondiagnostic for rea-
sons such as large body habitus or when the fistula tract is very small.

Cystoscopy and possible biopsy of the fistula tract are performed in the setting of 
prior pelvic malignancy or if a new malignancy is suspected. Cystoscopy allows 
visualization of the location of fistula relative to ureters since repair of the fistula 
may require ureteral reimplantation if the fistula involves the ureteral orifice(s). In 
addition, an assessment of whether the fistula can be reached vaginally is made. The 
presence of foreign bodies including suture material, mesh, and/or bladder calculi is 
also assessed.

 Treatment

Treatment of urinary fistula depends on several factors including its location, size, 
etiology (malignant or benign), and surrounding tissue quality.
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Nonsurgical Management VVF Effective conservative management of urinary 
tract fistulae with maximal drainage and diversion of urine (and stool, when 
involved) may obviate the need for surgical intervention. Foley catheter drainage is 
the initial treatment in most cases when the VVF is recognized early in the clinical 
course and an epithelialized tract has not yet had an opportunity to form. Antibiotics, 
anticholinergics, and topical estrogen creams are adjuvant measures to prevent 
infection, promote bladder relaxation, and facilitate healing. Fulguration of the fis-
tula tract with electrocautery followed by catheter drainage has been shown to have 
some efficacy in small (<5 mm), uncomplicated fistulas. Adjuvant measures such as 
fibrin glue have been reported in small series in conjunction with fulguration and 
catheter drainage as a “plug” in the fistula as well as “scaffolding” to allow the 
ingrowth of healthy tissue.

Surgical Management VVF Surgical intervention for urinary tract fistulae 
involves multilayer, tension-free closure with interposition of well-vascularized tis-
sue. Adherence to basic surgical principles is essential to achieve successful repair 
of all urinary fistulas. Cystoscopic evaluation of the bladder and ureters at the start 
of the procedure can aid in identifying the precise location of the fistula tract and 
intubating it with a catheter or wire. Adequate exposure of the fistula tract is impera-
tive to allow complete dissection and separation of the bladder wall from the vaginal 
wall regardless of the approach. Adequate hemostasis to prevent ongoing bleeding 
or postoperative hematoma is necessary without excessive use of monopolar cau-
tery, which can cause delayed necrosis and tissue breakdown overtime. Devitalized 
and ischemic tissue should be debrided to prevent necrosis and breakdown of the 
fistula closure, but healthy fistula tract tissue need not be excised. If any residual 
surgical material or other foreign body is noted, this should be removed to allow a 
clean, unobstructed, and watertight closure of the bladder wall. A second layer clo-
sure of the bladder wall is often performed by imbricating or buttressing the first 
suture line. Instillation of blue irrigation fluid into the bladder can test the adequacy 
of the bladder closure and indicate if additional sutures are needed. Interposition of 
healthy tissue prior to a watertight vaginal wall closure is recommended.

The timing of the repair should take into consideration the degree of inflamma-
tion present, presence of infection, general health and nutritional status of the 
patient, as well as patient comfort [15]. Early intervention is advocated for the vast 
majority of situations in the developed world. In the setting of significant inflamma-
tion, infection, or radiation damage, a 3–6-month waiting period is advised. Success 
rates approach 90–98% regardless of surgical approach.

Choice of the optimal surgical approach to VVF (transabdominal or transvagi-
nal) is controversial and generally depends on the skill set of the surgeon [16, 17]. 
No single approach is applicable to all VVFs, but all VVFs should be managed by a 
well-trained surgeon with adequate expertise in fistula management. The transab-
dominal (including laparoscopic or robotic) approach is ideally suited for fistulas 
located near the ureteral orifice when ureteral reimplantation may be necessary and 
for fistulas located high on the posterior wall in an area difficult to reach through the 
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vagina. The transvaginal approach is ideally suited when the etiologic surgery was 
performed abdominally.

Transabdominal Approach Through a midline infraumbilical incision, a 
Pfannenstiel incision, a laparoscopic, or a robotic approach, the bladder is exposed. 
Cystoscopic placement of a catheter or wire through the fistula track can aid in 
identifying the area involved. Either an extravesical or transvesical approach can be 
used to identify the fistulous connection. With an extravesical approach, the bladder 
is mobilized and reflected off the underlying vaginal cuff, often with the assistance 
of a sizer or sponge stick in the vagina. With a transvesical approach, the bladder is 
opened in the sagittal plane down to the level of the fistula. The bladder is separated 
off the vagina beyond the level of the fistula. The fistulous tract is biopsied if there 
is any concern for malignancy and debrided back to healthy tissue if necrotic. The 
bladder and vaginal walls are closed separately, in multiple layers, with incorpora-
tion (rather than excision) of the fistula tract in most situations. Often, well- 
vascularized tissue, such as omentum, is interposed between the vagina and bladder 
as an additional layer to promote healing and prevent recurrence. When omentum 
cannot be mobilized, peritoneum is used as an interposition layer.

Transvaginal Approach Many vaginal approaches have been described including 
those by Sims, Latzko, and Raz [18–23]. Fixed retraction using hooks and a ring 
retractor as well as a weighted speculum can be a setup for success. A catheter or 
wire traversing the fistula track allows easy identification of the vaginal opening. 
Generally, an inverted U incision is made in the vaginal wall and extended around 
the fistula tract. The vaginal wall is carefully mobilized circumferentially around 
the fistula tract, and separation of the vagina wall from the underlying bladder is 
performed. This requires delicate dissection to avoid tearing the bladder and vaginal 
walls and often requires use of self-retaining and hand-held retractors. Either the 
fistula tract is excised (if ischemic or necrotic) with edges of the debrided tract 
forming the first layer of closure, or the tract is left in situ with fistula edges rolled 
over forming the primary layer of closure. The perivesical fascia on either side of 
the first layer of closure is then imbricated over the primary suture line forming the 
second layer. Interposition of healthy tissue from a labial fat pad (Martius flap), 
peritoneal flap, or gracilis muscle flap may be placed over the suture lines as a well- 
vascularized flap similar to the omental flap in the transabdominal approach [24]. 
Alternatively, or in some instances, the modified Latzko technique can be utilized to 
provide additional coverage. This involves extending the vaginal wall incision to 
expose the anterior rectal wall at the level of the vaginal apex. The perirectal tissue 
is then used to cover the closed bladder wall similar to the technique of a partial 
colpocleisis. While this technique can shorten the vagina a few centimeters and may 
not be desirable in all sexually active women, it can often be used with little notice-
able change in vaginal depth. Finally, a flap of vaginal wall is advanced over the 
repair forming the final layer of closure.

In properly selected patients, similar success rates can be obtained using transab-
dominal or transvaginal approach. Adjuvant tissue flaps can be utilized with either 
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approach and can aid in preventing surgical failure in patients with complex or 
recurrent fistulas, history of pelvic radiation, or those with surrounding extensive 
tissue loss. Regardless of approach, maximal urinary drainage (with urethral and/or 
suprapubic catheter) is maintained postoperatively. A cystogram is usually obtained 
2–3 weeks following repair to confirm successful closure. Antimuscarinic or beta-3 
agonist medications may be prescribed to help promote bladder relaxation and 
assist the patient in tolerating the catheter(s). When appropriate, topical vaginal 
estrogen may be added to aid in improving vaginal tissue quality.

 Ureterovaginal Fistula

Continuous urinary leakage with preservation of volitional voiding approximately 
1–4 weeks after benign hysterectomy or pelvic surgery is the most common presen-
tation of ureterovaginal fistula (UVF).

 Etiology

Ureterovaginal fistulas form between the ureter and the vagina. Most ureterovaginal 
fistulas are secondary to unrecognized distal ureteral injuries sustained during gyne-
cologic procedures including laparoscopic, abdominal or vaginal hysterectomy, 
caesarean section, prolapse surgery, and anti-incontinence surgery [25]. These inju-
ries may include laceration of the ureter, complete ureteral transection, delayed 
necrosis secondary to devitalization of blood supply or cautery injury, suture liga-
tion, or blunt avulsion. The incidence of iatrogenic ureteral injury during major 
gynecologic surgery is estimated at 0.03–1.5% [10]. The injured ureter spills urine 
into the peritoneal or extraperitoneal space generally resulting in urinoma forma-
tion. The increasing size and tension of the urinoma lead to drainage out of the vagi-
nal cuff [18]. Occasionally, ureterovaginal fistulas may be secondary to endoscopic 
instrumentation, radiation therapy, pelvic malignancy, penetrating pelvic trauma, or 
other pelvic surgery (vascular, enteric, etc.). Risk factors for ureteral injuries include 
a prior history of pelvic surgery, pelvic malignancy, obesity, endometriosis, radia-
tion therapy, and pelvic inflammatory disease (PID); however, many ureteral inju-
ries occur without an identifiable risk factor [9, 18, 26]. Up to 12% of vesicovaginal 
fistulas may have an associated ureterovaginal fistula [14, 27].

 Diagnosis

Ureterovaginal fistulas generally present 1–4 weeks after surgery with urinary leak-
age per vagina or unilateral hydroureteronephrosis and flank pain secondary to par-
tial ureteral obstruction. Flank pain, nausea, and fever that improve with the 
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initiation of urinary leakage following pelvic surgery are very suggestive of ureteral 
injury. Unlike a VVF, patients a ureterovaginal fistula will continue to have a normal 
voiding pattern as long as the contralateral kidney is unaffected. A fluid creatinine 
can confirm that the vaginal leakage is urine, and a double dye test (as noted above) 
can differentiate a VVF from a ureterovaginal fistula.

Ureterovaginal fistula is generally evaluated with intravenous urography or CT 
urography. A urogram may demonstrate partial obstruction, hydroureteronephrosis, 
and drainage into the vagina. Cystoscopy and retrograde pyelography can be per-
formed to evaluate for concomitant bladder injury and to visualize the distal ureteral 
segment if not well visualized on the urogram. An attempt at retrograde stenting is 
reasonable if the pyeloureterogram demonstrates ureteral continuity. Prolonged 
internal diversion (6–8 weeks) with ureteral stenting may result in resolution of the 
fistula. Cross-sectional imaging with CT or MRI may be useful to evaluate for pel-
vic malignancy when indicated or to evaluate for a urinoma in patients with persis-
tent fevers. In cases in which a long segment of distal ureter is involved and a Boari 
flap is being considered for reconstruction, a cystogram or cystometrogram may be 
useful to evaluate the bladder capacity.

Percutaneous nephrostomy and antegrade nephrostogram can be helpful espe-
cially in situations where complete occlusion of the ureter exists. Percutaneous 
drainage of the involved kidney followed by antegrade instillation of contrast can 
provide decompression of a partially obstructed kidney as well as anatomic local-
ization and demonstration of the fistula.

 Treatment

Ureterovaginal fistulas can be treated conservatively with ureteral stenting as noted 
above [28]. If high-grade partial obstruction exists in the setting of sepsis, percuta-
neous drainage and a course of antibiotic therapy are indicated prior to definitive 
repair. If retrograde stenting is unsuccessful but the pyeloureterogram shows conti-
nuity of the ureteral lumen, then an attempt at antegrade stenting may be under-
taken. The goal of stenting is to decompress the upper urinary tract and prevent 
further extravasation of urine and urosepsis.

When stenting is unsuccessful and the fistula is located distally, ureteroneocys-
tostomy (ureteral reimplantation, with or without psoas hitch and Boari flap) is per-
formed. This is approached transabdominally, laparoscopically, or robotically. The 
psoas hitch maintains the anatomic position of the bladder and maintains stability 
during filling and emptying of the bladder. It is not necessary to excise the distal 
ureteral segment or even close the fistula tract to the vagina unless vesicoureteral 
reflux is present. Fistulas located in the middle third of the ureter may be amenable 
to ureteroneocystostomy in conjunction with a Boari flap advancement from the 
bladder or a ureteroureterostomy. A proximal fistula requires proximal and distal 
mobilization and primary ureteroureterostomy over a stent, ileal interposition for 
longer lengths of ureteral injury, or even autotransplantation.
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 Urethrovaginal Fistula

Worsening urinary leakage following anti-incontinence surgery, periurethral mesh 
removal, urethral diverticulectomy, anterior vaginal wall prolapse repair, or genital 
reconstruction can indicate the development of a urethrovaginal fistula. The degree 
of urinary leakage depends on the size and location of the fistula tract along the 
urethral lumen. Dyspareunia or recurrent urinary tract infections (UTIs) are some-
times found in these patients and can be greatly improved with optimal surgical care.

 Etiology

Urethrovaginal fistulas form between the urethra and vagina. Urethrovaginal fistulas 
are usually iatrogenic and postsurgical in the industrialized world (anti-incontinence 
surgery, periurethral mesh removal, urethral diverticulectomy, anterior vaginal wall 
prolapse repair, genital reconstruction, etc.), although they may occur as a result of 
trauma, instrumentation (prolonged catheterization), radiation, pelvic fracture, vag-
inal neoplasm, or childbirth (Fig. 22.2) [29, 30]. The incidence of urethrovaginal 
fistulas is extremely low with the majority due to obstructed labor in the developing 
world. In the industrialized world, the frequency appears to be increasing secondary 
to iatrogenic injury of the urethra at the time of sling surgery [31, 32]. It is important 
to note that approximately 20% of the time a urethrovaginal fistula will be accom-
panied by a VVF [33].

 Diagnosis

Urethrovaginal fistulas may be asymptomatic if located in the distal third of the 
urethra (beyond the continence mechanism); otherwise, the presentation is similar 
to VVF. The diagnosis can often be made with careful physical examination of the 
distal vagina. Cystourethroscopy can also be used to visualize the urethral lumen; 
however, technical considerations such as using a female cystoscope, flexible cysto-
scope, or fully distending the urethra and carefully manipulating the standard cysto-
scope may be needed for visualization. Cystoscopy is also useful to evaluate for 
concurrent abnormalities of the bladder and urethra, specifically the presence of any 
foreign body or mesh material from prior sling, residual urethral diverticulum or 
urethral stricture, and the tissue integrity of the remaining intact urethra. 
Occasionally, these patients may present with symptoms suggestive of stress or 
urgency incontinence, and physical examination and cystoscopy do not confirm the 
diagnosis. In this setting, voiding cystourethrography (VCUG) can be extremely 
useful in making the diagnosis. Voiding images must be obtained in patients with a 
competent bladder neck, and proximal sphincter mechanism or the fistula will not 
be demonstrated.
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 Treatment

Catheter drainage may be useful in a limited number of cases if the urethrovaginal 
fistula is noted promptly following the causative event. A vaginal approach to repair 
is most commonly used and allows anatomic restoration of the urethral lumen, the 
periurethral tissues, and the vagina similar to the principals of VVF surgery. The 
first step includes identification of the urethrovaginal fistula tract and careful ana-
tomic dissection of the plane between the vagina and urethra. Optimal visualization 
and retraction can be achieved using a ring retractor with hooks and should facilitate 
preservation of the periurethral fascia as a distinct layer for interposition between 
the urethra and vagina. Transvaginal surgical excision of any foreign body material 
including prior surgical material or mesh is necessary to allow a successful urethral 
reconstruction. Urethral reconstruction can often be performed primarily over a ure-
thral catheter, but buccal mucosa or vaginal wall may be needed in cases of signifi-
cant urethral tissue loss. A multiple layer closure is optimal using periurethral 
fascia, a labial fat pad (Martius flap), and the vaginal wall flap. This multilayered 
closure technique allows for concomitant or subsequent treatment of SUI should it 
exist. It should be noted that concomitant stress urinary incontinence treatment with 
synthetic mesh midurethral sling placement at the time of urethrovaginal fistula 
repair is not advised according to the recent stress urinary incontinence guideline by 
the American Urologic Association (AUA)/ Society of Urodynamics, Female Pelvic 
Medicine & Urogenital Reconstruction (SUFU) [34]. However, use of an autolo-
gous pubovaginal sling is considered safe and effective. The optimal timing of treat-
ment of SUI is controversial, and some authors argue that SUI treatment should be 

Fig. 22.2 A urethrovaginal 
fistula following removal 
of an eroded mesh sling 
(yellow catheter is in the 
urethra)
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deferred until the urethrovaginal fistula is healed and the patient reassessed for the 
presence of persistent SUI [35].

 Vesicouterine Fistula

In the setting of a competent cervix, urinary leakage may not be a part of this condi-
tion; rather, cyclic hematuria and watery vaginal discharge can indicate the presence 
of a vesicouterine fistula. With an incompetent cervix, as in the setting of antecedent 
vaginal delivery, symptoms may mimic VVF.

 Etiology

Vesicouterine fistulas form between the bladder and the uterus. These are rare fistu-
las that most commonly occur following low-segment caesarean section [36, 37]. 
Other potential inciting factors include ruptured uterus during obstructed labor, 
operative vaginal delivery, vaginal birth after prior cesarean section (VBAC), and 
placenta percreta [38]. Foreign body reaction to intrauterine device (IUD), uterine 
artery embolization, endometrial ablation, induced abortion, traumatic bladder 
catheterization, and brachytherapy have been reported causes of vesicouterine fis-
tula. Generally, simultaneous injury to the uterus and the bladder ensues, and if 
unrecognized or inadequately repaired, fistula formation between the two can 
occur. It is presumed that some vesicouterine fistulas go unrecognized in the post-
partum period, masked by the normal lochia that follows childbirth. Lochiauria 
(urine mixing with the lochia) may be identified, but may still resolve spontane-
ously in the postpartum period, potentially assisted by the hormonal suppression 
and amenorrhea associated with breastfeeding [39]. Spontaneous healing has also 
been reported in the setting of hormonal suppression with oral contraceptives and 
luteinizing hormone-releasing hormone (LHRH) agonists.

 Diagnosis

The presenting symptoms vary based on the competence of the cervix, and there-
fore, a high level of suspicion generally accompanies an evaluation for a vesicouter-
ine fistula. Vesicouterine fistulas may present with Youssef syndrome (menouria, 
cyclic hematuria with apparent amenorrhea, infertility, and urinary continence) or 
with incontinence similar to a VVF. Diagnosis generally relies on a combination of 
cystoscopy and imaging. VCUG in the setting of a vesicouterine fistula may demon-
strate contrast extravasating from the bladder and filling the uterine cavity. 
Conversely, hysterosalpingogram may demonstrate contrast extravasating from the 
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uterus and filling of the bladder. Cross-sectional imaging with contrast enhance-
ment of the urine with either CT or MRI can demonstrate the fistula tract and may 
be able to simultaneously exclude involvement of the ureters.

 Treatment

Nonsurgical management of a vesicouterine fistula is possible and, as described for 
VVF, prolonged catheterization may allow successful healing in patients with small 
or immature fistulas. Alternatively, or in addition to prolonged catheterization, pre-
vention of menstrual flow through the fistula by administering continuous oral con-
traceptives or with hormonal induction of uterine involution (amenorrhea) has been 
reported as successful [39].

Most commonly, these fistulas are treated surgically. The approach to surgery is 
dictated by the patient’s reproductive wishes and should be thoroughly discussed 
with the patient. If preservation of fertility is desired, dissection of the vesicouterine 
fistula tract with primary closure of the bladder and uterus and interposition of 
omentum as described for VVF can be performed. If childbearing is complete, hys-
terectomy and closure of the bladder with interposition of omentum to prevent a 
VVF can be performed. Successful delivery has been reported after vesicouterine 
fistula repair [40].

 Radiation Cystitis and Radiation Fistula

Irritative storage symptoms such as urinary frequency, urgency, and urgency incon-
tinence are the most common symptoms associated with radiation cystitis; however, 
gross hematuria, detrusor hypocontractility, poor bladder emptying, fistulous con-
nection to the vagina, and bladder/urethral pain may all be symptoms of more 
advanced radiation cystitis.

 Etiology

Radiation cystitis can result from pelvic irradiation delivered locally (e.g., brachy-
therapy) or by external beam to neighboring tissues in the pelvis. Despite significant 
advances in techniques to deliver radiation to the target organ, effects on surround 
organs can be profound. An early radiation reaction, approximately 4 weeks after 
initiation of therapy, has been described in rats demonstrating a change in bladder 
morphology (e.g., fibrosis, ischemia) as well as function (e.g., compliance, capac-
ity) [41]. Bladder symptoms are common during this period and urodynamic testing 
often demonstrates early sensations, decreased cystometric capacity, and reduced 
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bladder compliance that can be expected to improve by 6 months. Late radiation 
effects are less common, but can be progressive and difficult to treat. Rates of del-
eterious effects on the urinary tract vary between 1% and 12% in the literature with 
fistula rates of 1–5% [38]. Radiation fistula risk likely depends on the dose of radia-
tion administered and possibly on the type of underlying cancer.

 Diagnosis

Diagnosis of radiation cystitis can be made based on clinical history and cysto-
scopic evaluation of the bladder. Diagnosis of a radiation fistula may be made more 
difficult by a slow, insidious onset of symptom and lack of a recent surgery to raise 
suspicion. But it is important to remember that even a remote history of radiation 
can be responsible. The evaluations needed to make the diagnosis of a fistula in the 
setting of prior radiation are the same as those describe above for VVF (Sect. 
22.1.3). It is imperative that tissue sampling be obtained to assess for cancer 
recurrence.

 Treatment

Symptom-directed therapy with medications to treat the irritative symptoms of fre-
quency, urgency, and urgency incontinence is often employed. Sodium pentosan 
polysulfate has been used to restore the defective glycosaminoglycans layer of the 
bladder with some success; however, concerns about vision changes secondary to 
pigmentary maculopathy limit its utility. Bladder irrigation alone or in combination 
with intravesical agents such as hyaluronic acid, formalin, aminocaproic acid, or 
prostaglandins has been used with limited success [42]. Cystoscopic evaluation 
with bladder fulguration may be effective in stopping most active bleeding. In cases 
of severe bleeding, selective embolization of the hypogastric arteries may be indi-
cated. Hyperbaric oxygen treatment can greatly improve gross hematuria and irrita-
tive bladder symptoms as a result of increased oxygen transfer and restoration of 
normal cellular composition of the tissue and regeneration of normal urothelium 
[43]. Resolution of gross hematuria has been seen in upward of 80% of patients.

Treatment of radiation fistula often proves more difficult than nonradiated fistula 
management. Options to optimize tissue health and integrity prior to surgery include 
use of topical vaginal estrogen when cancer history allows and hyperbaric oxygen 
therapy. Surgical repair is the same as that described above for VVF (Sect. 22.1.4). It is 
imperative to utilize tissue interposition to maximize success in this difficult-to- treat 
population. When primary closure is not possible, urinary diversion may be needed. 
Consideration of the radiation field is important in deciding whether to use ileum or 
transverse colon. If major surgery is not possible, bilateral nephrostomy tubes with or 
without ureteral coils can be considered as a method of containing the urine.
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 Urethral Diverticulum

The three Ds, dysuria, dyspareunia, and dribbling, are included in the classic 
description of a urethral diverticulum; however, it’s uncommon for a single patient 
to experience all of these symptoms. Patients may present with recurrent urinary 
tract infections, often with persistence of the same organism. Given the elusive 
nature of urethral diverticula, a high index of suspicion is needed to identify this 
pathology.

 Etiology

A urethral diverticulum/vaginal cyst is an outpouching or sac that forms between 
the urethra and vaginal wall. This is caused by weakness in the urethra wall, which 
can be due to repeated urinary tract infections (UTI), a blockage in the glands near 
the urethra, or trauma to the area during vaginal birth. Women who have had prior 
vaginal or urethral surgery can develop diverticula or cysts. A diverticulum or cyst 
may cause no symptoms, but for some they may cause pain, recurrent urinary tract 
infections, and discomfort with urination or intercourse. When they cause problems, 
they can be removed with vaginal surgery.

 Diagnosis

The astute practitioner may notice persistence of the same offending organism on 
urine culture and sensitivity raising suspicion for a urinary tract source. All women 
with recurrent urinary tract infections should undergo careful pelvic examination 
looking for potential causes including urethral diverticula; although only a small 
percentage of cases will be found. Vaginal examination may identify a fullness or 
fluctuance of the midurethra with or without drainage per urethra upon palpation of 
the anterior vaginal wall. Magnetic resonance imaging (MRI), VCUG, or cystos-
copy may aid in diagnosis. T2-weighted sagittal, axial, and coronal MRI views are 
often the most helpful since fluid-filled structure appears bright white and urethral 
anatomy can be well defined, often identifying an ostium to the urethra if present. 
Lateral voiding images on VCUG are generally needed to appreciate the diverticu-
lum and may be limited by body habitus, the indwelling catheter, or the patient’s 
ability to urinate in that position or in front of others. Cystourethroscopy may iden-
tify an ostium to the diverticulum. Technique is important when inspecting the 
female urethra and can be aided by the use of a female cystoscope or a flexible 
cystoscope as well as hydrodistension of the urethra with irrigant fluid. Careful and 
thorough visualization of the 5 and 7 o’clock positions of the urethra (which are 
often in the urethral folds) is important as the ostium can be hidden in the depths of 
these folds.
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 Treatment

Monitoring of a urethral diverticulum in asymptomatic patients is appropriate and 
patients can be reassured that there is a very low risk of cancer found in diverticula. 
Most commonly, surgery is performed to remove a symptomatic urethral diverticu-
lum. Urethral diverticulectomy is approached through a vaginal incision with dis-
section of a full-thickness vaginal wall flap off the underlying periurethral fascia. 
When possible, the periurethral fascia is incised horizontally over the diverticulum 
and carefully dissected off the underlying urethral diverticulum. If the diverticulum 
has a horseshoe configuration or extends around to the anterior urethra, urethra dis-
section and mobilization is needed. Once the whole diverticulum is exposed in the 
surgical field it is removed from the urethra at the ostium. Many times, an ostium 
cannot be identified, and removal occurs without a clear opening in the urethra. Not 
uncommonly, extensive inflammation surrounds the urethral diverticulum and tis-
sue planes become difficult to preserve, limiting the preservation of the periurethral 
fascia and urethral plane. If the diverticulum is inadvertently entered during dissec-
tion, culturing with a tissue swab should be performed and copious irrigation used. 
After removal of the diverticulum, the urethra should be reconstructed over a Foley 
catheter using absorbable suture. Irrigation of the urethra with blue dye can confirm 
a watertight closure. If periurethral tissue is available, a second layer is closed over 
the urethral closure, generally with nonoverlapping suture lines. A Martius interpo-
sition flap may be used if there are any concerns about tissue integrity, if the fascial 
layer was not preserved, or if subsequent stress incontinence surgery is anticipated. 
Finally, the vaginal wall incision is closed. The entire surgery is done through the 
vagina, allowing for minimal discomfort during the recovery period.

 Postoperative Care

There are no postoperative pathways that can universally be followed for patients 
with fistulas and urethral diverticula given their variable characteristics and differ-
ences in surgical approaches. However, there are some general principles that are 
commonly followed postoperatively. A bladder catheter and/or ureteral stent is usu-
ally used for several days to weeks after surgical repair to aid in tissue healing. The 
optimal duration of catheterization is not currently clear, but studies have investi-
gated if shorter catheterization times are sufficient [44, 45]. Prior to catheter and/or 
stent removal, many surgeons will re-evaluate the fistula or diverticulum using 
either imaging (e.g., VCUG, CT cystogram) and/or physical exam with the help of 
dyes (e.g., methylene blue); currently, there is no universally accepted method for 
evaluating fistula or diverticulum resolution. In terms of pharmacotherapy, several 
drugs can be used in the postoperative period in addition to pain medications. 
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Anticholinergics and/or beta-3 agonists may help prevent bladder spasms and irrita-
tion due to the Foley catheter. Vaginal estrogen may help improve and maintain 
vaginal tissue quality and promote healing. An antibiotic or urinary antiseptic (e.g., 
methenamine) can be used to help prevent bacteriuria when Foley catheters are 
removed, though the need for ongoing suppressive therapy during the postoperative 
period is not supported.

 Recurrence/Retreatment

Postoperative imaging of the fistula may reveal an ongoing leak. In many cases, 
prolonged catheter drainage for an additional 3 weeks can allow ample time for the 
fistula to heal. During this time, every effort is made to maximize healing potential 
by encouraging a healthy diet, regular ambulation, prevention of infection, use of 
vaginal estrogen if appropriate, and continued anticholinergic or beta-3 agonist 
therapy. If a fistula persists despite prolonged catheter drainage a second attempt at 
repair may be considered. Often a different route of repair is taken for a second 
surgery (an abdominal approach if the first repair was done vaginal or vaginally if 
the first repair was done abdominally). For low-volume fistula surgeons, it is appro-
priate to refer to a center of excellence for repeat surgery. Similarly, if imaging is 
obtained after urethral diverticulectomy, a small residual diverticulum or a leak 
from the urethra may be seen. Prolonged catheter drainage for an additional week 
may allow resolution. In rare circumstances is additional surgery needed if the pri-
mary procedure was performed correctly. Recurrent diverticula have been reported 
and may require subsequent surgery.

 Ongoing Symptoms Management

It is not uncommon for patients who have undergone fistula or urethral diverticula 
surgery to experience irritative bladder symptoms such as urinary, frequency, 
urgency, nocturia, or urgency urinary incontinence during the postoperative period. 
These symptoms may extend well beyond the period of indwelling catheterization 
and may prompt the patient to feel as though their surgery was unsuccessful or 
complicated. It is important to reassure patients once postoperative evaluation has 
confirmed their fistula or diverticulum is gone. A combination of pharmacologic 
therapy, behavioral modification, and pelvic floor muscle exercises can greatly 
improve bladder symptoms and continence. With time, many patients are able to 
discontinue pharmacologic therapy. A small percentage of patients may persist with 
refractory overactive bladder symptoms and may need additional third-line overac-
tive bladder therapy to effectively address their symptoms.

22 Rare Conditions Causing Incontinence and Their Treatment



424

 Conclusion

Urinary tract fistulae, radiation cystitis, and urethral diverticula are potentially treat-
able causes of urinary incontinence. Appropriate diagnosis and treatment of these 
conditions can greatly improve urine leakage and quality of life. Careful history- 
taking along with a thorough pelvic examination may be diagnostic or may prompt 
the clinician to order additional diagnostic studies. Once identified, these reversible 
causes of urinary incontinence can often be cured surgically, alleviating the burden 
of incontinence and improving quality of life.

References

 1. De Ridder DAP, De Vries C, Elneil S, Emasu A, Esegbono G, Gueye S, Mohammad R, Muleta 
M, Hilton P, Mourad S, Pickard R, Stanford E, Fistula RE. International Consultation on I. In: 
Abrams P, Cardozo L, Khoury S, Wein AJ, International Continence S, editors. Incontinence: 
5th International Consultation on Incontinence, Paris, February 2012. Paris: ICUD-EAU; 
2013. p. 1527–80.

 2. Aarts JWM, Nieboer TE, Johnson N, Tavender E, Garry R, Mol BWJ, et al. Surgical approach 
to hysterectomy for benign gynaecological disease. Cochrane Database Syst Rev. 2015; https://
doi.org/10.1002/14651858.CD003677.pub5.

 3. Netsch C, Bach T, Gross E, Gross AJ. Rectourethral fistula after high-intensity focused ultra-
sound therapy for prostate cancer and its surgical management. Urology. 2011;77(4):999–1004. 
https://doi.org/10.1016/j.urology.2010.10.028.

 4. Wall L, Karshima JA, Kirschner C, Arrowsmith SD. The obstetric vesicovaginal fistula: char-
acteristics of 899 patients from Jos, Nigeria. Am J Obstet Gynecol. 2004;190(4):1011–6. 
https://doi.org/10.1016/j.ajog.2004.02.007.

 5. Hillary CJ, Osman NI, Hilton P, Chapple CR. The aetiology, treatment, and outcome of uro-
genital fistulae managed in well- and low-resourced countries: a systematic review. Eur Urol. 
2016;70(3):478–92. https://doi.org/10.1016/j.eururo.2016.02.015.

 6. Vangeenderhuysen C, Prual A, et  al. Obstetric fistulae: incidence estimates for sub- 
Saharan Africa. Int J Gynecol Obstet. 2001;73(1):65–6. https://doi.org/10.1016/
S0020- 7292(00)00374- X.

 7. Arrowsmith S, Hamlin EC, Wall LL. Obstructed labor injury complex: obstetric fistula forma-
tion and the multifaceted morbidity of maternal birth trauma in the developing world. Obstet 
Gynecol Surv. 1996;51(9):568–74. https://doi.org/10.1097/00006254- 199609000- 00024.

 8. Chen CW, Mark D, Karram MM. Lower urinary tract fistulas. Urogynecology and reconstruc-
tive pelvic surgery. 4th ed. Elselvier Health Sciences; 2015. p. 602–21.

 9. Moss RL. Management of enterovesical fistulas. Am J Surg. 1990;159(5):514–7. https://doi.
org/10.1016/s0002- 9610(05)81259- 0.

 10. Teeluckdharry B, Gilmour D, Flowerdew G. Urinary tract injury at benign gynecologic sur-
gery and the role of cystoscopy: a systematic review and meta-analysis. Obstet Gynecol. 
2015;126(6):1161–9. https://doi.org/10.1097/AOG.0000000000001096.

 11. Forsgren C, Lundholm C, Johansson ALV, Cnattingius S, Altman D. Hysterectomy for benign 
indications and risk of pelvic organ fistula disease. Obstet Gynecol. 2009;114(3):594–9. 
https://doi.org/10.1097/AOG.0b013e3181b2a1df.

 12. Duong TH, Gellasch TL, Adam RA. Risk factors for the development of vesicovaginal fis-
tula after incidental cystotomy at the time of a benign hysterectomy. Am J Obstet Gynecol. 
2009;201(5):512, e1-e4. https://doi.org/10.1016/j.ajog.2009.06.046.

A. L. Smith and A. C. Yeguez

https://doi.org/10.1002/14651858.CD003677.pub5
https://doi.org/10.1002/14651858.CD003677.pub5
https://doi.org/10.1016/j.urology.2010.10.028
https://doi.org/10.1016/j.ajog.2004.02.007
https://doi.org/10.1016/j.eururo.2016.02.015
https://doi.org/10.1016/S0020-7292(00)00374-X
https://doi.org/10.1016/S0020-7292(00)00374-X
https://doi.org/10.1097/00006254-199609000-00024
https://doi.org/10.1016/s0002-9610(05)81259-0
https://doi.org/10.1016/s0002-9610(05)81259-0
https://doi.org/10.1097/AOG.0000000000001096
https://doi.org/10.1097/AOG.0b013e3181b2a1df
https://doi.org/10.1016/j.ajog.2009.06.046


425

 13. Duong TH, Taylor DP, Meeks GR. A multicenter study of vesicovaginal fistula following inci-
dental cystotomy during benign hysterectomies. Int Urogynecol J. 2011;22(8):975–9. https://
doi.org/10.1007/s00192- 011- 1375- 6.

 14. Goodwin WE, Scardino PT. Vesicovaginal and ureterovaginal fistulas: a summary of 25 years 
of experience. J Urol. 1980;123(3):370–4. https://doi.org/10.1016/S0022- 5347(17)55941- 8.

 15. Ehlert M, Haraway AM, Atiemo HO. Lesson 7: contemporary evaluation and management of 
vesicovaginal fistula. AUA Update Series. 2013;32:66–75.

 16. Lee D, Zimmern P.  Vaginal Approach to Vesicovaginal Fistula. Urol Clin North Am. 
2019;46(1):123–33. https://doi.org/10.1016/j.ucl.2018.08.010.

 17. McKay E, Watts K, Abraham N. Abdominal approach to vesicovaginal fistula. Urol Clin North 
Am. 2019;46(1):135–46. https://doi.org/10.1016/j.ucl.2018.08.011.

 18. Bai SW, Huh EH, Jung DJ, Park JH, Rha KH, Kim SK, et al. Urinary tract injuries during 
pelvic surgery: incidence rates and predisposing factors. Int Urogynecol J. 2006;17(4):360–4. 
https://doi.org/10.1007/s00192- 005- 0015- 4.

 19. Sims J. On the treatment of vesico-vaginal fistula. Am J Med Sci. 1852;45:59–82. https://doi.
org/10.1007/BF01901610.

 20. Eilber KS, Kavaler E, RodrÌguez LV, Rosenblum N, Raz S. Ten-year experience with trans-
vaginal vesicovaginal fistula repair using tissue interposition. J Urol. 2003;169(3):1033–6. 
https://doi.org/10.1097/01.ju.0000049723.57485.e7.

 21. Latzko W.  Postoperative vesicovaginal fistulas. Am J Surg. 1942;58(2):211–28. https://doi.
org/10.1016/S0002- 9610(42)90009- 6.

 22. Raz S, Bregg KJ, Nitti VW, Sussman E. Transvaginal repair of vesicovaginal fistula using a 
peritoneal flap. J Urol. 1993;150(1):56–9. https://doi.org/10.1016/S0022- 5347(17)35396- X.

 23. Luo D-Y, Shen H. Transvaginal repair of apical vesicovaginal fistula: a modified latzko tech-
niqueóoutcomes at a high-volume referral center. Eur Urol. 2019;76(1):84–8. https://doi.
org/10.1016/j.eururo.2019.04.010.

 24. Margules AC, Rovner ES. The use of tissue flaps in the management of urinary tract fistulas. 
Curr Urol Rep. 2019;20(6):32. https://doi.org/10.1007/s11934- 019- 0892- 6.

 25. Shaw J, Tunitsky-Bitton E, Barber MD, Jelovsek JE. Ureterovaginal fistula: a case series. Int 
Urogynecol J. 2014;25(5):615–21. https://doi.org/10.1007/s00192- 013- 2272- y.

 26. Vakili B, Chesson RR, Kyle BL, Shobeiri SA, Echols KT, Gist R, et al. The incidence of uri-
nary tract injury during hysterectomy: a prospective analysis based on universal cystoscopy. 
Am J Obstet Gynecol. 2005;192(5):1599–604. https://doi.org/10.1016/j.ajog.2004.11.016.

 27. Seth J, Kiosoglous A, Pakzad M, Hamid R, Shah J, Ockrim J, et al. Incidence, type and man-
agement of ureteric injury associated with vesicovaginal fistulas: report of a series from a 
specialized center. Int J Urol. 2019;26(7):717–23. https://doi.org/10.1111/iju.13965.

 28. Chen YB, Wolff BJ, Kenton KS, Mueller ER. Approach to ureterovaginal fistula: examining 
13 years of experience. Female Pelvic Med Reconstr Surg. 2019;25(2):e7–e11. https://doi.
org/10.1097/SPV.0000000000000690.

 29. Badlani GDR, Mettu JR, Rovner ES, Wein AJ, Kavoussi LR, Partin AW. Urinary tract fistulae. 
Campbell-Walsh urology. 11th ed. Elsevier Saunders; 2016. p. 2103–39.

 30. Thompson IM, Marx AC.  Conservative the of rectourethralfistula: five-year follow-up. 
Urology. 1990;35(6):533–6. https://doi.org/10.1016/0090- 4295(90)80111- Y.

 31. Reisenauer C, Wallwiener D, Stenzl A, Solomayer F-E, Sievert K-D.  Urethrovaginal fistu-
laóa rare complication after the placement of a suburethral sling (IVS). Int Urogynecol 
J. 2007;18(3):343–6. https://doi.org/10.1007/s00192- 006- 0139- 1.

 32. Blaivas JG, Mekel G. Management of urinary fistulas due to midurethral sling surgery. J Urol. 
2014;192(4):1137–42. https://doi.org/10.1016/j.juro.2014.04.009.

 33. Lee RA, Symmonds RE, Williams TJ. Current status of genitourinary fistula. Obstet Gynecol. 
1988;72(3 Pt 1):313–9.

 34. Kobashi K, Albo M, et  al. Surgical treatment of female stress urinary incontinence: AUA/
SUFU guideline. J Urol. 2017;198:875.

22 Rare Conditions Causing Incontinence and Their Treatment

https://doi.org/10.1007/s00192-011-1375-6
https://doi.org/10.1007/s00192-011-1375-6
https://doi.org/10.1016/S0022-5347(17)55941-8
https://doi.org/10.1016/j.ucl.2018.08.010
https://doi.org/10.1016/j.ucl.2018.08.011
https://doi.org/10.1007/s00192-005-0015-4
https://doi.org/10.1007/BF01901610
https://doi.org/10.1007/BF01901610
https://doi.org/10.1097/01.ju.0000049723.57485.e7
https://doi.org/10.1016/S0002-9610(42)90009-6
https://doi.org/10.1016/S0002-9610(42)90009-6
https://doi.org/10.1016/S0022-5347(17)35396-X
https://doi.org/10.1016/j.eururo.2019.04.010
https://doi.org/10.1016/j.eururo.2019.04.010
https://doi.org/10.1007/s11934-019-0892-6
https://doi.org/10.1007/s00192-013-2272-y
https://doi.org/10.1016/j.ajog.2004.11.016
https://doi.org/10.1111/iju.13965
https://doi.org/10.1097/SPV.0000000000000690
https://doi.org/10.1097/SPV.0000000000000690
https://doi.org/10.1016/0090-4295(90)80111-Y
https://doi.org/10.1007/s00192-006-0139-1
https://doi.org/10.1016/j.juro.2014.04.009


426

 35. Webster GD, Sihelnik SA, Stone AR. Urethrovaginal fistula: a review of the surgical manage-
ment. J Urol. 1984;132(3):460–2. https://doi.org/10.1016/s0022- 5347(17)49691- 1.

 36. Porcaro AB, Zicari M, Antoniolli SZ, Pianon R, Monaco C, Migliorini F, et al. Vesicouterine 
fistulas following cesarean section: report on a case, review and update of the literature. Int 
Urol Nephrol. 2002;34(3):335–44. https://doi.org/10.1023/A:1024443822378.

 37. Rajamaheswari N, Chhikara AB. Vesicouterine fistulae: our experience of 17 cases and litera-
ture review. Int Urogynecol J. 2013;24(2):275–9. https://doi.org/10.1007/s00192- 012- 1798- 8.

 38. De Ridder DJMK. Urinary tract fistula. In: Partin AW, Kavoussi LR, Dmochowski RR, AJW 
W, editors. Campbell-Walsh-Wein urology. 12th ed; 2021.

 39. Jozwik M. Spontaneous closure of vesicouterine fistula. Account for effective hormonal treat-
ment. Urol Int. 1999;62(3):183–7. https://doi.org/10.1159/000030388.

 40. Lotocki WJ, Jozwick M.  Prognosis of fertility after surgical closure of vesico-
uterine fistula. Eur J Obstet Gynecol Reprod Biol. 1996;64(1):87–90. https://doi.
org/10.1016/0301- 2115(95)02251- 1.

 41. Vale JA, Bowsher WG, Liu K, Tomlinson A, Whitfield HN, Trott KR. Post-irradiation bladder 
dysfunction: development of a rat model. Urol Res. 1993;21(6):383–8. https://doi.org/10.1007/
BF00300073.

 42. Smit SG, Heyns CF.  Management of radiation cystitis. Nat Rev Urol. 2010;7(4):206–14. 
https://doi.org/10.1038/nrurol.2010.23.

 43. Degener S, Pohle A, Strelow H, Mathers MJ, Zumbé JR, Roth S, et al. Long-term experience 
of hyperbaric oxygen therapy for refractory radio- or chemotherapy-induced haemorrhagic 
cystitis. BMC Urol. 2015;15:38. https://doi.org/10.1186/s12894- 015- 0035- 4.

 44. Barone MA, Widmer M, Arrowsmith S, Ruminjo J, Seuc A, Landry E, et al. Breakdown of sim-
ple female genital fistula repair after 7 day versus 14 day postoperative bladder catheterisation: 
a randomised, controlled, open-label, non-inferiority trial. Lancet. 2015;386(9988):56–62. 
https://doi.org/10.1016/S0140- 6736(14)62337- 0.

 45. Nardos R, Menber B, Browning A.  Outcome of obstetric fistula repair after 10-day ver-
sus 14-day Foley catheterization. Int J Gynecol Obstet. 2012;118(1):21–3. https://doi.
org/10.1016/j.ijgo.2012.01.024.

A. L. Smith and A. C. Yeguez

https://doi.org/10.1016/s0022-5347(17)49691-1
https://doi.org/10.1023/A:1024443822378
https://doi.org/10.1007/s00192-012-1798-8
https://doi.org/10.1159/000030388
https://doi.org/10.1016/0301-2115(95)02251-1
https://doi.org/10.1016/0301-2115(95)02251-1
https://doi.org/10.1007/BF00300073
https://doi.org/10.1007/BF00300073
https://doi.org/10.1038/nrurol.2010.23
https://doi.org/10.1186/s12894-015-0035-4
https://doi.org/10.1016/S0140-6736(14)62337-0
https://doi.org/10.1016/j.ijgo.2012.01.024
https://doi.org/10.1016/j.ijgo.2012.01.024


Part VI
Incontinence in Special Populations



429© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
A. P. Cameron (ed.), Female Urinary Incontinence, 
https://doi.org/10.1007/978-3-030-84352-6_23

Chapter 23
Incontinence in Older Girls 
and Adolescents

Esther K. Liu and Kristina D. Suson

 Introduction

Female incontinence is widely thought to be a disease process mainly affecting 
adult women with multiparity or who are perimenopausal or postmenopausal. 
Urinary incontinence (UI) in the older pediatric or adolescent female is an under- 
recognized entity. Incontinence can have a negative impact on the quality of life: 
changing underwear, concern for odor, avoiding fluid intake, avoiding sexual activ-
ity, avoiding physical activity, or social isolation during formative years [1–3]. It is 
also important to note that it may be a harbinger of continued lower urinary tract 
symptoms (LUTS) into adulthood [4]. This chapter discusses the epidemiology of 
stress urinary incontinence (SUI) and urgency urinary incontinence (UUI) in this 
group, along with congenital causes, evaluation, and treatment.

 Background and Epidemiology

 Prevalence of UI in Older Girls and Adolescents

Limited studies focus on adolescent female UI. One factor that may enable com-
parison with older females is parity status. Excluding the confounding factor of 
childbearing distinguishes the UI in this younger population from the more 
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well- recognized adult female incontinence that is often associated with trauma from 
childbearing, menopause, and comorbidities. As such, we may also extrapolate 
some of the experience of “young, healthy, nulliparous” female populations that 
typically include those aged up to 30 years to postpubertal girls.

The prevalence of SUI in adolescent females is reported to range from 6.2% to 
79% [1, 5–10]. Most studies found that SUI is more common than UUI, a difference 
from adult women, with studies quoting rates of UUI between 3.4% and 41.6% [1, 
5, 7, 8]. In a systematic review of 18 studies of younger nulliparous females, 
Almousa et al. quoted SUI rates from 12.5% to as high as 79% (median 49.4%), and 
rates of UUI ranged from 15.6% to 41.6% (median 31.3%) [10].

A large community study including 15,055 participants from China found a 
prevalence of UI of 6.6% among 14–21-year-olds. UI was more common in females 
(7.2% vs 6.0%), and it became more common with increasing age, to a maximum 
of 12.3% among 19–20-year-olds. Physical and mental health diseases also 
increased the risk, as did chronic constipation. Increased sexual activity was also a 
risk factor. In this study, however, UUI occurred more frequently than SUI [11]. 
Female gender also increased the risk of incontinence in a study from the Netherlands 
that included patients aged 8–17 years. While 30% of girls reported any daytime or 
nighttime incontinence, only 14.2% of boys noted UI (p = 0.003). They did not find 
any difference when comparing 8–12-year-olds to 13–17-year-olds (21.5% vs 
21.8%, p = 0.962). [12].

A US study of 216 patients aged between 14 and 21 years who presented to ado-
lescent gynecology found that 31.5% had any UI. This study also found a higher 
incidence of UUI (15.7%), followed by mixed incontinence (8.8%), and SUI (6.9%). 
Nocturnal enuresis (NE) was present in 4.2%. Importantly, most of these patients 
presented with other chief complaints, commonly seeking contraception or con-
cerned about abnormal periods. Despite the large number who reported any incon-
tinence, only 8% had episodes once or more in a month and less than 1% reported 
daily/nightly episodes. Generally, their incontinence did not negatively impact their 
lives; 4.6% of patients reported it as a “very small problem,” 0.9% as a small prob-
lem, and 0.5% as a medium problem, with no patients perceiving it as a big prob-
lem [13].

There is a high incidence of LUTS among pregnant adolescents, with nearly 80% 
complaining of at least one symptom. UI was reported in 27.2% of 206 pregnant 
adolescents. More than half of the patients in the study were in their third trimester. 
Worse symptoms were associated with daily coffee consumption, smoking, chronic 
cough/constipation, and the history of urinary tract infection (UTI) [14]. As with 
adult women, adolescent females may develop incontinence after childbirth. 
Episiotomy increases the risk, as does giving birth to an infant that was large for 
gestational age and having less frequent prenatal appointments [15].

Urologists have long recognized the connection between the brain and the blad-
der. Behavioral and psychiatric disorders have been linked to incontinence in chil-
dren through the age of 18, although these disorders occur less frequently in females 
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than in males [16]. A study that included adolescent boys and girls found a higher 
incidence of social anxiety among patients with primary NE. Further, social anxiety 
could lead to a delay in the treatment of enuresis [17]. Children who exhibit inter-
nalizing (depression, anxiety, social withdrawal, somatic complaints) and external-
izing (aggressive) behaviors and inattention at 10 years of age are more likely to 
have NE as adolescents [18]. While children and adolescents with any LUTS are 
more likely to have emotional and behavioral problems, it is even more pronounced 
that they have concomitant bowel dysfunction [19]. It is difficult to ascertain spe-
cifically the psychological findings in female patients, as the studies typically 
include both genders [17–19]. Developmental and physical delays and sleep disor-
ders are also associated with NE [20].

 Stress Urinary Incontinence in the Adolescent Females

SUI is more common in the adolescent female than UUI [10]. Risk factors associ-
ated with SUI in this younger population include obesity, strenuous activities or 
high-intensity training, and pulmonary diseases such as cystic fibrosis (CF) [8]. The 
pathophysiology behind SUI in the parous woman has been attributed to the trauma 
from childbirth to the pelvic floor. There are few studies that have explored the 
pathophysiology in nulliparous or adolescent women. Based on prior studies dem-
onstrating differences in collagen content in women with pelvic organ prolapse, 
Keane et al. hypothesized similar collagen content differences in nulliparous women 
with SUI, suggesting an innate risk factor. When comparing nulliparous women 
with urodynamically proven SUI to a control group of continent young women, they 
found a significant reduction in collagen content in periurethral biopsies and a 
reduction in the type I to type III collagen ratio. Type I collagen is more rigid and 
commonly found in bone, tendon, and dentine, whereas type III collagen is com-
monly found in more elastic tissues, like the vascular system and intestines. These 
authors suggested that due to the inherent collagen weakness, pelvic floor training, 
often the first line of treatment, may be futile and that surgical interventions may be 
more beneficial [21].

 Obesity

Elevated body mass index (BMI) correlates positively with increased intra- 
abdominal pressures, which, over time, puts stress on the pelvic floor musculature 
and innervation. Subak et al. demonstrated that each 5-unit increase in BMI can 
increase the risk of urinary incontinence by 20–70% among adult women [22]. 
Among girls aged 15–19 years, those who admitted SUI on a questionnaire weighed 
significantly more than continent adolescents (61  kg vs 56  kg, p  =  0.0188) [8]. 
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Among a group of 40 obese girls (defined as >95th% BMI) aged 12–17  years, 
12.5% reported UI as frequently as once per week compared to none of the 20 non-
obese girls. Another 18 girls in the obese group reported UI occurring less than once 
per month. Differences were found in a metric called the incontinence severity 
score, leakage frequency multiplied by leakage volume. In the obese group, the 
score averaged 1.3 compared to 0.3 in the nonobese group (p = 0.009) [23]. Finally, 
an Italian study including 1936 women from 10 universities, with a mean age of 
21 years, reported that a BMI >30 kg/m^2 was associated with an increased risk of 
UI (AOR 3.0, 95% CI 1.4–6.2) [1]. There is still some debate, as there was no asso-
ciation between weight and UI found among 862 boys and girls between the ages of 
5 and 18 who presented to an incontinence clinic in Australia [24].

 High-Intensity Athletic Training

SUI has been well documented in female athletes. Increases in intra-abdominal 
pressure cause hypermobility of the bladder neck and urethra, which likely leads to 
UI with no intrinsic urethral sphincter deficiency. Carls demonstrated that of the 86 
female athletes with an average age of 17 years (range 14–21) who spent 3–25 hours/
week training or competing in a multitude of sports, 28% reported incidences of 
SUI during sports activities. Of the 28% who reported SUI, 26% reported associ-
ated urgency symptoms. SUI in these athletes also occurred off the playing field, in 
11.6% while walking to the bathroom, 11.6% during coughing, and 6.9% during 
sneezing. Among those with UI, 92% had never told anyone of their symptoms 
prior to the questionnaire, an unfortunate finding in the study that highlights the 
stigma [2].

Eliasson et al. had studied urinary incontinence in a very specific group: elite 
trampolinists [25, 26]. In one study, 35 female trampolinists completed an inconti-
nence questionnaire; 80% admitted involuntary urinary leakage starting an average 
of 2.5 years after initiating training. All patients over 15 years of age reported uri-
nary leakage. Of note, none of the women admitted leakage outside of trampoline 
practice [25]. In a second study, former trampolinists were more likely to report 
incontinence than the nontrampolinists. Additionally, the frequency and duration of 
training, along with years of training after menarche, were associated with UI [26].

Although the trampolinists did not note UI outside of their sport, a group of 
female high school athletes, more than 34% of whom experienced UI during sports, 
also complained of leakage while laughing or during other daily activities. The 
greater the number of seasons in which a girl competed, the more likely UI was to 
occur. Although most girls with incontinence reported small volumes, 21% had 
moderate leakage with urine creating spots on outerwear, and 7% would soak their 
shorts or pants [27]. SUI in female athletes negatively impacts their quality of life. 
Those reporting incontinence had statistically significantly lower scores in the total 
quality of life scores, avoidance and limiting behavior scores, psychosocial impacts 
scores, and social embarrassment scores [28].
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 Disordered Eating

Anorexia nervosa has been suggested as a risk factor for UI. A study of 348 patients, 
96.3% of whom were female with a mean age of 15.2 ± 1.8 years, found 1.8% had 
nocturnal enuresis and 1.8% had daytime urinary incontinence, thus concluding 
they did not have an increased risk [29]. However, a study of elite female athletes 
with a mean age of 21  ±  5.3  years found that those with disordered eating, as 
screened with the Eating Disorder Examination Questionnaire, were three times 
more likely to have urinary incontinence than those without disordered eating [30].

 Pulmonary Disease

Chronic lung disease contributes to UI, likely secondary to repetitive increases in 
abdominal pressure and stress on the pelvic floor from coughing. The connection 
between the two entities was first described in adults with CF by White et al. They 
reported a 38% incidence of UI in adult females with CF [31]. Given that CF is a 
lifelong disease process, Blackwell et al. examined the prevalence of UI in pediatric 
CF patients. A total of 72 subjects aged 5–18 years at the Pediatric Cystic Fibrosis 
service in Southampton responded to a questionnaire regarding involuntary urine 
loss severity and frequency. Eight of the 26 girls (31%) admitted to SUI. Severity of 
SUI increased with worsening CF as measured by forced expiratory volume [32]. 
Nixon et al. surveyed adolescent females with CF, finding patients developed UI at 
a median age of 13 years. The most common precipitators of UI were cough and 
laugh. Of the 55 patients who responded, 47% reported ever having an incontinence 
episode, while 22% reported incidences at least twice a month. Concerningly, 42% 
felt that it interfered with their CF physiotherapy, and only two of the patients with 
UI had ever mentioned to their physician [33].

 Urgency Urinary Incontinence in Female Adolescents

A study of 18–30-year-old “presumably healthy” young female medical students 
revealed that LUTS, including nocturia, daytime frequency, hesitancy, straining, 
and intermittency, are more prevalent in this age-group than likely previously 
assumed. Of the 159 women, 94.3% admitted the presence of any LUTS, and 20% 
admitted UI. Although overall bother scores were low for the group, the highest 
bother scores were associated with urgency. None of the subjects had previously 
sought medical advice, accentuating the likelihood that UI in young women is more 
prevalent than encountered clinically [7]. It has been suggested that overactive blad-
der (OAB) in the adult woman may be linked to childhood and adolescent bladder 
symptoms. Rather than OAB and UUI solely arising in adulthood, consider these on 
a continuum that could have its origins in childhood [34].

23 Incontinence in Older Girls and Adolescents



434

 Link Between Childhood and Adult Urinary Incontinence

UUI in adult women may not be a new problem, but rather a newly acknowledged 
issue. Unresolved or unaddressed urinary issues in childhood can persist into ado-
lescence and adulthood. In 2006, 2109 female participants with the mean age of 
56 years were asked to recall their urinary symptoms between the first grade and 
high school. Childhood diurnal incontinence and NE were associated with a twofold 
increase with adult UUI (OR 2.6, 95% CI 1.1–5.9 and OR 2.7, 95% CI 1.3–5.5) 
[35]. Male and female adolescents and adults with a mean age less than 20 treated 
at an NE clinic completed a questionnaire about their childhood voiding habits and 
current voiding symptoms. There was a significant correlation between those who 
reported childhood symptoms of urgency, frequency, UUI, infrequent voiding, or 
sensation of incomplete emptying and those with current adult symptoms of urgency, 
UUI, and SUI [36].

A group in Italy mailed surveys, the International Consultation on Incontinence 
Questionnaire for females with LUTS, to adult women who had been treated as 
children for UI and LUTS. The questionnaire was returned by 47 former patients 
and 111 healthy controls. Of the 47 patients, 28 had been treated for diurnal incon-
tinence between the ages of 5 and 20 years (median 11 years), while 19 had been 
treated for NE between the ages of 5 and 15 years (median 10 years). Women in the 
patient arm were more likely to currently have UI (34% vs. 7%) [4].

One has to remember that NE resolves spontaneously at a rate of 14% per year 
as children enter adolescence [37]. The prevalence after age 16 remains constant at 
2.3%, suggesting that if NE is still present, the likelihood of spontaneous resolution 
is low [38]. In a study of 107 Italian male and female adolescents with NE, 74% had 
primary NE while the remaining 26% admitted to a period of achieving nocturnal 
dryness for >6 months [39].

 Giggle Incontinence

The International Children’s Continence Society defines giggle incontinence, also 
known as giggle micturition or enuresis risoria, as a rare condition in which urine 
leakage or emptying occurs “during or immediately after laughing.” A key distinc-
tion about giggle incontinence is that bladder function is otherwise normal in the 
absence of laughter [40]. There is a little consensus as to the etiology behind giggle 
incontinence. Logan et  al. reviewed the historical discussions of giggle inconti-
nence, first described in 1959, stressing the varying opinions as to the pathophysiol-
ogy: Is it a neurologic or urologic phenomenon [41]? Although some have 
emphasized central components of giggle incontinence, it is likely a combination of 
neurologic factors, abdominal contractions, and detrusor and pelvic floor function 
and may even carry a familial component. Giggle incontinence seems to share simi-
lar pathophysiology as cataplexy, the loss of muscle tone after laughter or after 
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intense feelings such as surprise or fear and associated with narcolepsy [42]. 
Narcolepsy and cataplexy can be treated with stimulant medications; similarly, 
methylphenidate has been shown to be effective in treating giggle incontinence 
[42, 43].

 Congenital Causes of Urinary Incontinence

Most congenital causes of UI associated with major birth defects, such as bladder 
exstrophy or myelomeningocele, will be identified at birth or shortly thereafter. 
However, there are other more subtle anatomic causes (Table 23.1). Ectopic ureters 
in females can insert beyond the urethral sphincter and should be considered in 
patients with persistent, continuous UI. The evaluation begins with renal ultrasound, 
but frequently magnetic resonance urography is necessary to confirm the diagnosis 
(Fig.  23.1). Not all patients exhibit the same symptoms; thus, it is important to 
maintain a high index of suspicion. Viers et al. reported a 12-year-old female who 
presented with lifelong NE and new onset UI after failing numerous treatments. 
Computerized tomography revealed an upper pole moiety associated with an ecto-
pic ureteral insertion near the external sphincter. The authors postulated that the NE 
and new onset leakage occurred at times of decreased sphincteric muscle tone [44].

Complete female epispadias (CFE) is another congenital cause of incontinence. 
On the exstrophy spectrum, CFE is exceedingly rare, with an incidence of roughly 
1/500,000. On the surface, it seems less clinically significant than bladder exstrophy 

Table 23.1 Congenital causes of incontinence

Congenital 
cause History Evaluation Treatment

Ectopic 
ureter

Continuous 
incontinence, may have 
history of febrile UTIs 
if reflux into lower pole 
system

Renal ultrasound, 
MR-urogram, possibly 
voiding 
cystourethrography and 
cystoscopy

Upper-to-lower pole 
ureteroureterostomy, upper 
pole heminephrectomy, 
ureteroneocystostomy

Complete 
female 
epispadias

Continuous 
incontinence

Renal ultrasound, pelvic 
radiographs, cystoscopy/
bladder capacity 
measurement and 
cystogram, urodynamics

Epispadias repair, likely will 
require bladder neck 
reconstruction, may require 
ureteral ureteroneocystostomy

Tethered 
spinal cord

Lower urinary tract 
symptoms may include 
UTI, diurnal 
incontinence, nocturnal 
enuresis, urgency, 
frequency. Other 
symptoms may include 
back pain, constipation, 
and gain anomalies

Renal ultrasound, 
lumbar MRI, 
urodynamics

Referral to neurosurgery. 
Depending on urodynamic 
findings, may require 
anticholinergics, clean 
intermittent catheterization, 
or other bladder therapies
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in female patients, as the abdominal wall and bladder are closed. However, second-
ary to the open bladder neck, the continence outcomes are similar [45]. The physical 
examination findings of CFE may be subtle. While typically picked up earlier in 
childhood, there are reports of patients who are missed until adolescence, then pre-
senting with continuous incontinence [46, 47].

Other congenital causes of incontinence among adolescent females include spina 
bifida. Occasionally, even adults may present with primary tethered cord syndrome. 
Over 90% of adult patients will complain of urologic symptoms, 18.6% of which 
will have no neurologic complaints. NE may be the only complaint [48]. A retro-
spective study of girls and adolescents presenting to a pediatric and adolescent 
gynecology clinic identified 32 for whom there was a clinical suspicion of tethered 
cord syndrome. The mean age of the 18 eventually diagnosed with tethered cord 
was 11 ± 4.6 years. Ten of the 18 presented with incontinence. Importantly, 17 of 
the 18 underwent detethering. Of the 14 patients with follow-up after surgery, 13 
experienced a resolution of their symptoms by 6 weeks [49].

a

b

Fig. 23.1 A 14-year-old presented with continuous incontinence since birth. Renal ultrasound 
demonstrated a right duplicated collecting system with mild dilation of the upper pole, thus mag-
netic resonance imaging (MRI) was obtained. Coronal T2-weighted MRI (a) demonstrated a 
dilated right upper pole collecting system and the distal ureter inserting into the vagina, also seen 
on axial imaging (b). The patient’s incontinence resolved following ureteroureterostomy
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 Evaluation of the Adolescent with Incontinence

 History

Consultation with the incontinent adolescent differs from the younger child or adult 
(Table 23.2). Adolescents are in a transition period during which they gain indepen-
dence. Rapid growth and physical changes can often be accompanied by insecurity. 
This requires a physician who is comfortable interacting with adolescents directly 
as an individual in a nonjudgmental fashion. Limitations to confidentiality should 
be set with the adolescent, although sexual history is generally protected [50].

A careful history is the basis for evaluating incontinence. Assess whether the patient 
has ever been dry or if this has been a lifelong problem. Is the incontinence associated 
with any particular activities? How frequently does it occur, and what is the volume? 

Table 23.2 Evaluation of the older girl and adolescent female with incontinence

History
Does leakage occur during the day, at night, or both?
What is the volume of the leakage?
Have your ever been totally dry?
Do you have a history of urinary tract infections?
Does the leakage occur with activity, cough, laugh, or urgency?
Do you have postvoid dribbling?
How many times a day do you void?
Do you have a history of respiratory issues or snoring?
Is there a family history of nocturnal enuresis or bowel and bladder dysfunction?
On review of symptoms, does the patient have constipation, gait anomalies, back/neck pain, or 
obesity?
Physical examination
Would the patient like their parent present? (if not, have a chaperone available. Consider having 
a chaperone even if the parent is present.)
Abdomen: Is the abdomen distended? Is stool palpable?
GU: Is there costovertebral angle tenderness? Is the bladder palpable and/or tender? Are there 
skin changes near/on the genitalia? Is there urine pooling in the vagina? Is there an ectopic 
ureteral orifice(s) visualized? Is there a bifid clitoris? Does the urethra appear patulous?
Neurologic: Is the gait normal? Is there an anal wink?
Back: Are there any abnormalities in the area of the sacrum, such as a hairy patch or dimple?
Evaluation
Postvoid residual
Urine analysis
Consider:
Uroflow with EMG if persistent symptoms or elevated postvoid residual
Ultrasound if repeated infections or continuous incontinence
Voiding cystourethrogram if repeated febrile infections or abnormal ultrasound
MR-urogram if concern for ectopic ureter
MRI–lumbar spine if concern for tethered cord syndrome
Urodynamics if persistent symptoms, concerning neurologic findings, or specific concerning 
findings on ultrasound, voiding cystourethrogram, or spine MRI
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Does the leakage occur during the day or at night? What are the patient’s voiding hab-
its? A thorough history of bowel habits is also crucial. It is important to note if there is 
a history of pediatric urologic interventions. Inquiries into the sexual history and 
potential risk factors for sexually transmitted infections should be performed in this 
age-group. Additionally, it is important to be sensitive to the possibility of sexual 
abuse, as there may be an association [51]. Also solicit if the patient could be pregnant.

More objective data can help with counseling. Bladder diaries that include vol-
ume and frequency may identify UI triggers and potentially prove therapeutic. The 
International Consultation on Incontinence Questionnaire Paediatric Lower Urinary 
Tract Symptoms (ICIQ-CLUTS) is a validated questionnaire that screens for other 
associated LUTS. The 12-item questionnaire has been shown sensitive and specific 
in the ages of 5–18 [52]. For the older pediatric patients aged 11–17 years with UI, 
authors at the University of Michigan developed and performed initial validation of 
the Incontinence Symptom Index–Pediatric (ISI-P). This 11-item patient-reported 
questionnaire objectifies UI severity and other scores [53].

A thorough review of symptoms can also provide clues for diagnosis. In girls and 
adolescents presenting to a pediatric and adolescent gynecology office, in addition to 
stress urinary incontinence, patients noted constipation and back pain [49]. Especially 
in patients with NE, it is important to ascertain whether they snore or have other 
sleep disorders. Consider administering behavioral questionnaires, as these may 
identify occult behavioral or psychiatric disease [16, 54]. Similarly, patients who 
present with primary NE may benefit from screening for social anxiety [17].

 Physical Examination

Patients should be asked whether they prefer parents/guardians to stay in the room 
during physical examination [50]. Abdominal examination may demonstrate a large 
fecal burden, organomegaly, or distended bladder. Carefully examine the genitalia 
to look for ectopic ureteral orifices. Note any skin changes. Findings of a bifid cli-
toris and patulous urethra are consistent with CFE [46]. Examination of the lower 
back may reveal signs of an occult spinal dysraphism. The neurologic examination 
may demonstrate gait abnormalities. An absent anal wink is suspicious for decreased 
sensation and possible tethered cord [49].

 Adjunct Testing

Urinalysis should be obtained to rule out infection, high or especially low specific 
gravity, and the presence of glucose. Pyridium pad testing is of value when there is 
uncertainty about the presence of urine leakage versus physiologic vaginal discharge 
that may be new for a pubertal girl. A postvoid residual raises the concern for dys-
functional voiding, neurogenic etiology, or pelvic floor dysfunction. Renal bladder 
ultrasounds may reveal structural abnormalities, upper tract dilation, or bladder wall 
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thickening. Uroflowmetry may demonstrate abnormal flow curves or a decreased 
Q-max, suggesting obstruction or dysfunctional voiding. A plain film of the Kidneys–
Ureters–Bladder (KUB) is helpful in assessing fecal load and may also reveal occult 
spinal dysraphism. Urodynamic evaluation, although invasive, is used for the diagno-
sis of detrusor overactivity, dysfunctional voiding, increased bladder capacity, 
decreased sensation, and intrinsic sphincter deficiency. It should be performed if there 
is concern for a neurogenic bladder, but may also prompt further neurologic workup.

 Treatment

 Behavioral Modification and Urotherapy

Urotherapy is often the first-attempted line of therapy and refers to the nonpharma-
cologic, nonsurgical intervention for LUTS. Urotherapy involves education on regu-
lar voiding habits and proper voiding posture to encourage complete emptying. 
Patients are counseled regarding daily fluid intake, avoiding beverages that may irri-
tate the bladder, and prevention of constipation, along with other voiding sugges-
tions. Table  23.3 lists common steps for improving bladder control, along with 
escalating therapies.

Urotherapy
Timed voiding
Double voiding
Correct toileting position
Increased water intake
Decreased intake of beverages with caffeine, 
carbonation, artificial colors, and sugars
Increased fiber and stool softeners
Referral to weight management clinic as appropriate
Biofeedback
Pelvic floor physical therapy
Medications
Anticholinergics, including oxybutynin, tolterodine, 
solifenacin, and fesoterodine
Mirabegron
Desmopressin (for nocturnal enuresis)
Tricyclic antidepressants, including imipramine  
(for nocturnal enuresis)
Methylphenidate (for giggle incontinence)
Transcutaneous electrical nerve stimulation
Sacral
Parasacral
Posterior tibial
Surgical options
Sacral neuromodulation
Intravesical botulinum A toxin

Table 23.3 Escalating 
treatment options for 
incontinence in older girls 
and adolescent females
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The International Children’s Continence Society outlines six specific types of 
urotherapies in their standardization document: timed voiding, bladder training, pel-
vic floor muscle training, central inhibition training, neurostimulation, and clean 
intermittent catheterization. Each urotherapy has specific urologic complaints for 
which it is best suited. They suggest bladder training for all forms of incontinence. 
Urgency incontinence may also be treated with timed voiding, central inhibition 
training, and neurostimulation. Effective bowel management, potentially including 
laxatives, is a key. Cognitive behavioral therapy is also central to urotherapy, from 
education and self-monitoring to conditioning and response prevention [55].

In the European Bladder Dysfunction Study, which included both girls and boys 
(171 girls and 46 boys) between the ages of 7 and 12 years, 44% of children with 
incontinence secondary to OAB randomized to standard therapy and 6–12 bladder 
training sessions achieved full continence. This is in comparison with 15% who 
achieved continence on standard therapy or three sessions of counseling with an 
urotherapist, alone [56].

For children with NE, both monosymptomatic and nonmonosymptomatic, the 
bed-wetting alarm has been demonstrated to be the most successful therapy. Patients 
who had only NE required fewer clinic visits and achieved dryness more quickly 
than those with other LUTS.  The alarm alone was prescribed to patients with a 
smaller-than-expected bladder capacity, while those with polyuria were prescribed 
desmopressin, and patients with small bladders and polyuria were prescribed both. 
They reported continence rates with the alarm of 39.9% with monosymptomatic NE 
and 36.4% of patients with nonmonosymptomatic NE. Desmopressin worked for 
27.8% of monosymptomatic NE and 14.9% of nonmonosymptomatic 
NE. Combination therapy worked for 13.2% of monosymptomatic NE and 18.2% 
of nonmonosymptomatic NE [57].

Urotherapy can be successful in treating patients with giggle incontinence, spe-
cifically biofeedback. A retrospective review included 10 girls and 2 boys between 
6 and 15 years of age who were offered biofeedback after failing anticholinergics 
and/or pseudoephedrine. Girls who had at least four sessions had a complete 
response that was durable at 6 months, although some did remain on pharmacologic 
therapy. They believe that the treatment was successful because of the new ability to 
recruit the external sphincter muscles to prevent incontinence. Additionally, 40% of 
the patients had dysfunctional voiding identified on urodynamics, despite only hav-
ing symptoms of giggle incontinence; biofeedback also helped them learn how to 
relax the sphincter [58].

For patients with SUI, pelvic floor therapy is a helpful adjunct. In Eliasson’s 
study of 35 elite trampolinists, of whom 80% reported stress urinary incontinence, 
21 of the athletes reported leakage “at the end of the exercise session,” suggesting 
fatigue of the pelvic floor muscles [25]. Similarly, Ree et al. found a decrease of 
maximum voluntary contraction pressure by 17% after 90  minutes of strenuous 
activity in young women (mean age 24 ± 1.7 years) [59]. In a study by Da Roza 
et  al., 16 women had high levels of physical activity classified according to the 
International Physical Activity Questionnaire–Short Form (IPAQ-SF), 3000 meta-
bolic equivalent minutes/week or 4 hours/week of intense physical activity. Seven 
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of those women suffered from UI. They each underwent an 8-week pelvic floor 
rehabilitation program. After completion, there was a significant increase in both 
vaginal resting and maximum voluntary contraction pressures from baseline. The 
UI frequency and volume improved significantly, resolving completely in six of the 
patients [60].

In the European Bladder Dysfunction Study, 49% of the children with inconti-
nence secondary to dysfunctional voiding randomized to standard therapy plus pel-
vic floor training achieved continence; 25% achieved continence from standard 
therapy or three counseling sessions with an urotherapist. As a control for the pelvic 
floor training, patients were also randomized to a cognitive therapy arm, where 52% 
of patients achieved continence. Researchers hypothesized that social stress may be 
an important mediator of symptoms [56]. This justifies a multidisciplinary approach 
to these complicated patients.

Given that weight loss is an effective treatment for overweight and obese women 
with UI [22], the same recommendation has been studied in adolescents. A prospec-
tive study included 242 obese adolescents, 33 females (18%) with a mean age of 
17.1 years and an BMI of 50.5 kg/m2 reported urinary incontinence prior to bariatric 
surgery. They were followed up postoperatively, with UI decreasing to 7% at 
6-month and 3-year follow-ups [61].

 Medical Therapy

In pediatric patients, anticholinergics, such as oral oxybutynin, have been consid-
ered the “gold standard” for symptoms of OAB; however, as in adults, the side 
effects and potential need for multiple daily doses are problematic [62]. 
Anticholinergics are also a recommended treatment option for NE in patients who 
have failed desmopressin and the bed-wetting alarm. It is important to monitor these 
patients for increasing postvoid residuals and to avoid developing or worsening con-
stipation [54].

Gleason et al. investigated the efficacy and side effect profile of the oxybutynin 
patch in patients between 4 and 16 years old. This eliminated the need for multiple 
daily doses, as it is changed every 3–4 days. They found that the only significant 
side effect was skin irritation at the patch site in 35% of patients. Within the study 
group, 69% had discontinued oral oxybutynin therapy because of dry mouth, con-
stipation, or behavior changes, none of which were experienced with the patch. The 
patch was highly effective, with 97% of patients reporting improved symptoms; 
57% reported complete resolution [62].

Solifenacin has been proposed for therapy-resistant OAB, after failing oxybu-
tynin and tolterodine [63, 64]. One study included 138 boys and girls who had some 
degree of diurnal or nocturnal incontinence, most of whom had been on other anti-
cholinergics. After 3 months of therapy, 99 patients were evaluated, of whom 45 
gained complete continence. An additional 39 patients had partial responses, 17 of 
whom became dry during the day. Side effects were noted in 6.5% of patients, 
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including hyperactivity, drowsiness, constipation, abdominal pain, and fecal impac-
tion [63]. Another study reported a solifenacin success rate of 94% for incontinence 
secondary to OAB. Although it was effective, 38% of patients did experience side 
effects, most commonly dry mouth and constipation. When considering urodynamic 
data, bladder capacity increased from 128 mL to 340 mL, and uninhibited detrusor 
contractions decreased in magnitude from 70 cm H2O to 18 cm H2O. The number of 
incontinence episodes per day significantly decreased, and patient and parent per-
ception of continence also improved [64].

Fesoterodine has also been utilized to treat incontinence in pediatric and adoles-
cent patients with OAB.  A study comparing fesoterodine 4–8  mg to extended- 
release oxybutynin demonstrated equal efficacy between the two. There was no 
difference in side effects such as constipation and dry mouth; however, those ran-
domized to fesoterodine experience an increase in their heart rate. Median voided 
volume and the number of incontinence episodes improved for both medications, as 
did the quality of life. The authors extended treatment by 12 months for 23 children. 
For the 34 children who were not enrolled in the extension, 68% had gained conti-
nence at a mean follow-up of 18 months. Of those enrolled in the extension, 78% 
gained continence [65].

Although mirabegron, a β3-adrenoreceptor agonist used to treat OAB in adults, 
has not been approved as a treatment option for children, studies have reported good 
outcomes. Of the 58 patients at a median age of 10.1 years with OAB who failed 
anticholinergic therapy or had unacceptable side effects, 52 reported improved con-
tinence. No severe side effects were noted [66].

Tricyclic antidepressants have historically been used to treat NE in children. A 
Cochran review found that tricyclics reduced the number of wet nights when com-
pared to placebo. Further, a greater proportion of patients were able to achieve a dry 
14-day stretch. The medications for which they found a benefit over placebo 
included imipramine, amitriptyline, and desipramine. They noted a recurrence of 
NE upon cessation of therapy. The studies did not include enough data to compare 
tricyclics to each other. They did compare their efficacy to desmopressin and found 
it similar to monotherapy, although one study found that desmopressin/oxybutynin 
combination therapy was superior to imipramine monotherapy. While tricyclics 
were more effective than behavioral modification, the bed-wetting alarm was more 
effective in the short term and upon stopping therapy [67]. The International 
Children’s Continence Society only recommends tricyclics if patients have failed 
desmopressin, the bed-wetting alarm, and anticholinergics because of the risk of 
cardiotoxicity [54].

Double anticholinergic therapy may be an option when patients have persistent 
incontinence with a partial response on one well-tolerated agent. In a study that 
included six females with nonneurogenic bladder dysfunction at a mean age of 
10.5  ±  2  years, a second anticholinergic was offered, with combinations that 
included oxybutynin and tolterodine, oxybutynin and solifenacin, and tolterodine 
and solifenacin. The most common side effect was dry mouth, but no patients 
stopped therapy because of it. All patients had improved continence [68].
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Rather than adding a second anticholinergic, Morin et al. reported their experi-
ence of adding mirabegron. Their prospective study included 35 patients (median 
age 10.3  years), mostly males, who had persistent incontinence and a partial 
response to an extended-release anticholinergic. Ultimately, 29 patients received 
solifenacin and mirabegron, three patients received extended-release oxybutynin 
and mirabegron, and three patients received fesoterodine and mirabegron. All 
patients reported an improvement in symptoms, with 34% reporting total conti-
nence and 66% reporting a 50–99% reduction in incontinence episodes. The voided 
urine volumes increased with treatment. Side effects were reported by 20% of 
patients, with moderate side effects reported by 3% [69].

Similarly, dual therapy with desmopressin and oxybutynin improves response 
rates in patients with NE.  A retrospective review of 61 patients (mean age 
11.6 ± 2.6 years) with either monosymptomatic NE or NE with controlled daytime 
symptoms found a 69% response rate to a maximum of 0.6 mg desmopressin. They 
would then add oxybutynin 5 mg nightly and increase by 2.5 mg to a maximum of 
10 mg nightly for patients who failed desmopressin monotherapy. Of the 25 patients 
who started combination therapy, 68% became dry on 5 mg of oxybutynin. Of the 
eight that went on to high- dose oxybutynin, 75% became dry, for an ultimate suc-
cess rate of 97% on either desmopressin monotherapy or combination therapy. Male 
and female patients had similar responses to monotherapy, but female patients 
seemed to respond better than males to combination therapy, with 100% achieving 
dryness. Among the patients, there were no reported side effects with desmopressin 
monotherapy, nor were any children on combination therapy treated for dry mouth 
or constipation [70].

Giggle incontinence is its own subset of UI and, as such, has a unique medical 
therapy. A group of 20 patients with pure giggle incontinence at a mean age of 
12.4  years were first treated with standard behavioral modifications, along with 
anticipatory voiding before activities that may increase laughter. Thirteen of these 
patients reported no improvement in symptoms. All patients were offered a trial of 
methylphenidate, and 15 accepted. UI resolved in 12 of the 15 patients during 
school hours. At 2 months, the medication was stopped, and 9 of the 12 previously 
dry patients had recurrence of symptoms [43].

 More Intensive Therapies

Urinary incontinence can have a significant impact on quality of life. A group in 
Canada surveyed patients and caregivers, reporting that 71% of patients and 89% of 
caregivers appreciated a moderate-to-severe impact on their quality of life. Further, 
they were willing to try either transcutaneous neurostimulation (54%) or implanted 
sacral neuromodulation (42%) [3]. Modifications to the sacral neuromodulation 
technique may allow for it to be even less invasive, with decreased radiation expo-
sure and improved cosmesis [71].
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 Transcutaneous Neuromodulation

Less invasive than an implanted device, transcutaneous electrical nerve stimulation 
(TENS) has been proposed as a better option for pediatric patients. Various electrode 
locations have been described, including sacral, parasacral, and posterior tibial. A pla-
cebo-controlled trial of sacral TENS that included children up to the age of 14 found that 
61% of the patients in the active arm had a decrease in daytime incontinence severity 
compared to 17% in the sham group (p < 0.01). They also experienced fewer daytime 
accidents. The investigators also evaluated urodynamic parameters, in an attempt to elu-
cidate why it worked, but they could not identify differences in bladder volumes [72].

A prospective study of 83 patients treated with parasacral TENS, most of whom 
were female but only 25% were older than 10 years, identified a lower success rate 
when NE was present. A significant improvement was reported by 96.4% of patients, 
with complete resolution in 56.6% of cases. When specifically comparing patients 
with or without NE, only 45.5% of those with NE had a complete response, as com-
pared to 78.6% of those without NE. There was no statistically significant differ-
ence in age 10 or greater when compared to those aged nine or younger (66.7% 
complete response vs. 55.9%, p = 0.97) [73]. Parasacral TENS also improves con-
stipation, but the effect seems to be independent of curing UI [74].

Posterior tibial TENS has also been shown to be effective in curing daytime 
incontinence and NE in boys and girls with OAB and dysfunctional voiding. Those 
with dysfunctional voiding had an even better response than those with OAB, with 
85% achieving daytime continence. Most children with dysfunctional voiding 
maintained their response at 2 years. Many of those who were not cured had excel-
lent responses to chronic monthly stimulation [75].

One study compared biofeedback and parasacral TENS in a prospective fashion 
as treatment modalities for OAB, dysfunctional voiding, or both OAB and dysfunc-
tional voiding. They found that both options result in improved daytime inconti-
nence, with no difference in their success. They did note, however, that biofeedback 
was successful after fewer sessions [76]. Another study compared parasacral TENS 
to oxybutynin. They randomized patients to either parasacral TENS and placebo or 
sham scapular electrical therapy and oxybutynin. They found that all patients in the 
parasacral TENS group had improved constipation, and no patients had the anticho-
linergic side effects noted in the oxybutynin group. They found no difference in 
treatment success when evaluating improvement in dysfunctional voiding severity 
scores. Both the groups demonstrated improved maximum and mean voided vol-
umes and the number of voids per day [77].

 Surgical Treatments

Sacral neuromodulation can be used successfully to treat UI in select adolescent 
patients. Most studies require conservative and/or medical treatment failure. In a 
study including three boys and 15 girls with varied lower urinary tract dysfunction 
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at a mean age of 15 years, 15 had at least a 50% improvement in their symptoms 
after the test phase and had the pulse generator implanted. Of those with a device, 
50% experienced a full response, and 28% experienced a partial response in the 
short term. This dropped slightly to 73% of patients reporting a full or partial 
response at a mean follow-up of 28.8 ± 43.8 months. When looking specifically at 
the 10 patients whose primary indication was incontinence, six patients had a full 
response and three had a partial response [78]. Over a moderate length of follow-up, 
with a median of 3.9 years, 74% of children who had sacral neuromodulation per-
formed after failing conservative management endorsed improvement in their 
symptoms, with improvement persisting after device removal for some [79].

As with TENS, implanted sacral neuromodulation seems more successful for 
diurnal UI. In a study of patients with diurnal or nocturnal incontinence, 75% of the 
16 patients with diurnal incontinence had resolution of their symptoms, with an 
additional 13% having improvement, while of the 16 patients with NE, 38% had 
resolution and an additional 25% had improvement [80].

In addition to improving continence, sacral neuromodulation also positively 
impacts psychosocial quality of life scores, without a difference in physical quality 
of life scores [81]. Patients with longer follow-up seem to have persistently improved 
urinary symptom and quality of life scores. Patients with uninhibited contractions in 
particular may respond better to sacral neuromodulation [82].

While, in most studies, it is difficult to ascertain the ages of the patients, one 
study did stratify response to sacral neuromodulation in children with refractory 
dysfunctional elimination syndrome/bowel and bladder dysfunction. They found 
that of the 52 patients, 9 years of age or older, 87% experienced improvement in 
their daytime incontinence, with it resolving in 44%. Of the 44 patients in that age- 
group with NE, 73% had improvement, with 23% reporting resolution [83].

One downside to implanted sacral neuromodulation is the need for additional sur-
geries. Even when the procedure is a success, the device will ultimately be explanted. 
Of the 61 patients, 32.4% had their devices removed within 4 years of placement for 
cure, where the device had been turned off for 6 months or greater without a recur-
rence of symptoms [84]. Patients may also require revision/replacement or removal 
because of complications. The removal rate for complications varies from 8% to 
25%, for reasons such as infection or treatment failure [79, 84, 85]. The reoperation 
rate, most commonly for lead migration or breakage, or device malfunction, ranges 
between 19.7% and 54% [79, 83–85]. Patients with low body mass index may be at 
an increased risk of leads breaking with minimal trauma [82], although others have 
not found age, gender, or body mass index to predict complications [85].

Intravesical botulinum A toxin injection has also been used for older chil-
dren and adolescents with UI. As with sacral neuromodulation, patients should 
first exhaust conservative options. Success rates vary, with a complete response 
in 32–55% and additional patients reporting a partial response [86–88]. In addi-
tion to improved UI, patients may also have decreased symptoms of frequency, 
urgency, and nocturia [87]. Quality of life scores also improve [89]. In a study 
that included pre- and postinjection urodynamics, 75% of the patients had reso-
lution of uninhibited contractions, while the remaining 25% had contractions of 
decreased magnitude [90]. The complication rates vary, from no complications 
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[86, 90] to postoperative urinary retention and urinary tract infection [87, 88, 
90]. Patient and parent satisfaction is high, with only one of the 43 patients who 
underwent intravesical botulinum A toxin injection finding it poor/disappoint-
ing [91].

Burch colposuspensions, both open and laparoscopic, have been reported in girls 
with refractory urinary incontinence and video-urodynamically proven bladder 
neck insufficiency. A study of 18 consecutive laparoscopic and 18 consecutive open 
colposuspensions included girls who first failed ambulatory urotherapy and then an 
intensive 10-day inpatient training. Ultimately, all girls had been resistant to therapy 
for at least 2 years. The mean age of girls undergoing the laparoscopic procedure 
was 13.5 years and those undergoing open surgery was 11.5 years. Complete dry-
ness was achieved in 44% of the patients undergoing the laparoscopic procedure 
and 38% of the open group, while partial dryness, where the patients reported fewer 
episodes of stress incontinence, was achieved for 28% of the laparoscopic group 
and 17% of the open group. They reported no complications [92]. A PubMed search 
revealed no reports of sling procedures or artificial urinary sphincters for pediatric 
or adolescent nonneurogenic bladder dysfunction in the absence of other congenital 
anomalies, such as bladder exstrophy or epispadias.

 Conclusion

In conclusion, UI is an under-recognized, yet potentially life-affecting diagnosis in 
older girls and adolescent females, with athletes and those with chronic health con-
ditions such as obesity or lung disease at particular risk. Although rare, the cause 
may be anatomic; thus, congenital causes should be excluded during evaluation. 
Treatment begins with behavior modification and urotherapy, but may escalate to 
transcutaneous or implanted neuromodulation or intravesical botulinum A toxin 
injection. Unfortunately, those who suffer in their youth are at risk of continued 
LUTS as adults, but their quality of life can be improved with intervention.
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Chapter 24
Female Neurogenic Incontinence

Jenny N. Nguyen and Doreen E. Chung

 Introduction

It is well known that urinary incontinence can have a serious negative impact on 
quality of life. However, in women with neurogenic lower urinary tract dysfunction 
(NLUTD), who often have limited mobility, urinary incontinence can have an even 
greater negative impact on their quality of life [1–4]. Women with NLUTD can suf-
fer from the same types of incontinence as women without NLUTD.  However, 
some additional disease processes may be superimposed. Depending on the neuro-
logic insult, the resultant bladder manifestations can vary. Neurogenic incontinence 
in women can sometimes be protective against upper tract dysfunction and can 
serve as a warning that the lower urinary tract poses danger for the upper tracts. 
Furthermore, in these women, urinary incontinence can also be a risk factor for skin 
breakdown, decubitus ulcers, and wound complications. This chapter describes the 
causes, different presentations including urodynamic studies, workup, and treat-
ment of neurogenic incontinence in women.

 Etiology of Neurogenic Urinary Incontinence

The etiology of neurogenic urinary incontinence in females can be broken down 
based on the location of the neurologic lesion. The normal micturition reflex 
involves multiple locations throughout the central nervous system. These include 
the pontine micturition center (brainstem), the parasympathetic and somatic 
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components of the sacral micturition center as well as the thoracolumbar sympa-
thetics [5, 6].

Lesions above the brainstem affect the brain’s inhibitory effect on micturition 
reflex. This leads to detrusor overactivity (DO) and subsequent urinary urgency, 
frequency, and nocturia [7]. Additionally, some patients may have urinary inconti-
nence from voiding involuntarily, as they are able to sense their involuntary detrusor 
contraction and voluntarily contract their striated sphincter muscle, but are unable 
to actually stop their detrusor contraction [8].

Lesions below the level of the pons and above the sacral spinal cord have inter-
rupted the pathway that previously allowed for simultaneous detrusor muscle con-
traction and urethral sphincter relaxation. This interruption thereby results in 
detrusor sphincter dyssynergia and an uncoordinated relationship between detrusor 
muscle contraction and relaxation with urethral sphincter contraction [9, 10]. In 
other words, neurogenic detrusor overactivity and uninhibited bladder contractions 
occur alongside a discordant contraction of the external sphincter. The involuntary 
detrusor contractions lead to urinary incontinence, while the discordant sphincter 
contractions cause bladder outlet obstruction and urinary retention and potentially 
high storage pressures [11].

Sacral neurologic insults can vary in presentation depending on injury to the 
parasympathetic, sympathetic, or somatic portions of the neurologic tract. For inju-
ries causing complete parasympathetic disruption, this results in detrusor areflexia 
and urinary retention. With urinary retention, there may also be resultant overflow 
incontinence. Injuries causing sympathetic nerve injury can manifest as sphincteric 
urinary incontinence due to a nonfunctioning proximal urethra. Finally, somatic 
neurologic injuries affecting the pudendal nerves result in loss of perineal and peri-
anal sensation as well as loss of the bulbocavernosus reflex which then alters volun-
tary contraction of the urethral and anal sphincters. The latter may manifest as 
urinary and fecal incontinence and contribute to intrinsic sphincter deficiency (ISD).

Common causes of somatic neurologic insults include herniated disks, diabetes, 
multiple sclerosis, and sacral tumors. Additionally, extensive pelvic surgery such as 
abdominoperineal resection of the rectum and radical hysterectomy are both com-
mon surgical causes of sacral as well as somatic nerve injury [8]. For example, one 
such study examining patients requiring urologic intervention for urinary retention 
after radical hysterectomy after stage IB1-IIB cervical cancer showed nearly 54% 
of patients developing postvoid residuals of >100 cc [12].

It is important not to forget that the chronic indwelling urethral catheters encoun-
tered in neurogenic female patients can overtime cause erosion and patulous ure-
thras with no functional sphincteric mechanism, leading to overt urinary incontinence 
(Fig. 24.1) [13]. Additionally, in patients with a history of pelvic radiation, pelvic 
surgery, or recent traumatic vaginal birth history, it is also important to keep in mind 
that urinary fistulae can develop and be a cause for urinary incontinence even in the 
setting of the neurogenic female patient.
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 Different Clinical Presentations

When urinary incontinence occurs in patients with an NLUTD, it can be attributed 
to one of three dysfunctions, alone or in combination. These are detrusor overactiv-
ity, poor bladder compliance, and urethral sphincter/bladder neck incompe-
tence [11].

 A. Urinary Incontinence due to Detrusor Overactivity with Complete Bladder 
Emptying (Balanced Voiding)

Patients with neurologic conditions above the sacral spinal cord will have 
detrusor overactivity and resultant urgency incontinence. This can often be com-
pounded by limited mobility. Although these patients are able to completely 
empty, occasionally these patients only void by involuntary detrusor contrac-
tions and cannot void by volition, and in this case, they may need to be treated 
with clean intermittent catheterization (CIC) to give the patient continence. This 
is in addition to therapies to treat bladder storage.

 B. Urinary Incontinence due to Detrusor Overactivity (DO) and/or Poor Compliance 
with Incomplete Bladder Emptying

Patients with lesions below the pontine micturition center usually have detru-
sor overactivity with DESD. These patients will often have poor emptying (due 
to bladder outlet obstruction from DESD) in addition to incontinence from 
detrusor overactivity. Their functional capacity is much lower as well due to 
reflex DO that can occur at low volume or high bladder storage pressures from 
poor compliance.

 C. Overflow Incontinence due to Atonic Bladder with Sphincteric Incompetence or 
Infrequent Bladder Emptying with CIC

Fig. 24.1 Urethral erosion 
occurring gradually over 
time after progressive 
upsizing of Foley catheter 
from 14 F to 24 F and 
upsizing of retention 
balloon from 10 cc to 30 cc 
in a woman with T6 spinal 
cord injury (SCI). Erosion 
is so profound; the trigone 
is visible on pelvic 
examination. Patient failed 
vaginal approach at 
urethral closure with 
Martius flap and ultimately 
required a urinary 
diversion. (Image courtesy 
Anne Cameron MD)
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Patients with sacral or peripheral nerve injury typically have an atonic blad-
der resulting in urinary retention, which is a low storage pressure; however, 
these women may still leak if they have an incompetent sphincter or reach ter-
minal capacity. Having them catheterize more frequently is often a good 
solution.

 D. Stress Urinary Incontinence
Some patients have neurologic injury to one or more urinary sphincters. 

These patients will have stress incontinence of varying degrees with sometimes 
total incontinence or stress urinary incontinence with changing position or 
increased intra-abdominal pressure. Some patients will also have stress inconti-
nence due to urethral hypermobility from prior pregnancy and delivery. These 
women may have a milder stress urinary incontinence that only occurs with any 
increase in intra-abdominal pressure, similar to the stress urinary incontinence 
that occurs in nonneurogenic women.

 Urodynamic Investigation

Urodynamics are a key in the evaluation of NLUTD patients due to the potentially 
silent risk of renal injury and ultimately renal failure. This type of renal failure is 
usually due to high intravesical pressure, poor bladder compliance, vesicoureteral 
reflux, infection, and/or hydronephrosis [11, 14]. In addition to assessing for poten-
tial upper tract damage, urodynamics can also be used to evaluate the etiology of 
symptoms and direct treatment. (See Chap. 4 for in-depth description of 
urodynamics.)

 Storage Issues

Low bladder pressures during filling are a key to preventing upper tract injury. 
Detrusor leak-point pressures and storage pressures greater than 40 cm H2O have 
been found to put the upper tracts at risk [15]. Additionally, during filling, uninhib-
ited detrusor contractions can also be seen and can contribute to urinary incontinence.

In patients with sacral or peripheral nerve injuries, a fixed open urinary sphincter 
may be seen which can result in urinary incontinence. Sphincteric damage may also 
ensue due to chronic indwelling catheterization, also leading to an incompetent out-
let and stress incontinence. A Valsalva leak-point pressure less than 60 cm H2O in 
the absence of a detrusor contraction can also be found in neurogenic patients and 
can identify intrinsic sphincter deficiency [16].

Finally, bladder compliance can be calculated as the change in volume over 
change in detrusor pressure with abnormal bladder compliance generally perceived 
as less than 20 ml/cm H2O [16]. Bladder compliance is an important urodynamic 
parameter as abnormal compliance is a risk factor for urologic complications.
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 Emptying Issues

Urodynamic evaluation showing poor detrusor contractility, detrusor atony, or 
sphincteric dyssynergia can also provide information on the neurogenic patient and 
help direct management. With these findings, incomplete emptying and urinary 
retention are typically found. Additionally, for women, it is important to evaluate for 
pelvic organ prolapse as a contributor for incomplete emptying due to urethral kink-
ing, even as a neurogenic patient [16].

 Timing of Urodynamics

It is imperative to obtain a baseline urodynamic study in all newly diagnosed 
NLUTD patients after the period of spinal shock is resolved, at approximately 
90 days or when spinal reflexes can be elicited on examination [17]. Typically, peri-
odic urodynamics are performed along with upper tract imaging; however, this is 
tailored to the patient’s symptoms and/or changes in the upper tract or renal function 
[14, 18].

 Safety Workup

Prior to regular urologic care for NLUTD patients, renal failure was the most com-
mon cause of mortality [19]. The safety workup for neurogenic urinary inconti-
nence in females relies solely on the principles of NLUTD management. While 
there is no consensus on the exact time frame of follow-up and surveillance, pub-
lished data recommend routine urologic care of NLUTD patients at least every 
2 years and at most every 3–6 months [14, 18, 20]. Follow-up should include a his-
tory, physical examination, and serum creatinine. However, in NLUTD patients 
with little muscle mass, serum creatinine can be inaccurate, and substantial renal 
function loss can occur prior to any noticeable rise in serum creatinine. In such 
cases where renal dysfunction is suspected, a functional renal scan can be obtained 
as it is the most sensitive test for decreased renal function or obstruction. Cystatin 
C, while costly, can also serve as an alternate and more accurate representation of 
renal function and GFR as it is not affected by mass, age, or gender [21].

In terms of regular upper urinary tract imaging, most urologists consider a renal 
ultrasound as sufficient imaging to rule out hydronephrosis as well as to evaluate 
renal stone disease. Other tests useful in detecting stone disease include an intrave-
nous pyelogram or a noncontrast CT scan, but these expose the patient to ionizing 
radiation [14, 20].

As mentioned previously, urodynamic evaluation should be performed at the 
time of initial evaluation (after any such spinal shock period has resolved) and at 
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subsequent intervals at the discretion of the clinician. Important urodynamic param-
eters for neurogenic patients include assessing bladder compliance and detrusor 
leak-point pressure. Low bladder filling pressures are imperative to upper tract pro-
tection, and bladder storage pressures greater than 40 cm H2O put the patient at risk 
for upper tract impairment. Additionally, a detrusor leak-point pressure higher 
than40 mm Hg has also been shown to be a risk factor for upper tract deteriora-
tion [15].

Routine urine cytology is generally not recommended due to lack of quality data 
showing utility. While asymptomatic bacteriuria is common in NLUTD patients, it 
should not be treated except in the context of a urologic procedure [22].

While historical data showed a higher incidence of bladder cancer in chronic 
indwelling catheter spinal cord injury (SCI) patients [22], more updated studies 
have shown a significant decrease in the risk of bladder cancer in spinal cord injury 
patients, especially with the advent of intermittent catheterization. Due to a higher 
risk of bladder stones and increased duration of catheterization being risk factors for 
bladder cancer, some urologists do incorporate screening cystoscopy as part of rou-
tine urologic surveillance. However, there is insufficient evidence to support screen-
ing cystoscopy for bladder cancer in asymptomatic spinal cord injury patients. 
These same principles can be applied to all NLUTD patients [14, 20].

Should there be any change in urinary incontinence, recurrent urinary tract infec-
tion (UTI), gross hematuria, or new signs or symptoms, follow-up and further uri-
nary tract imaging, cystoscopy, or urodynamic evaluation should be performed 
sooner [14].

 Treatment of the Bladder

Patients with detrusor overactivity (with or without urinary incontinence) and/or 
poor bladder compliance can first be trialed on antimuscarinic medications [23]. 
Common antimuscarinic drugs such as oxybutynin, solifenacin, and tolterodine 
work by blocking the muscarinic M3 receptors located in the bladder smooth mus-
cle. However, given data on cognitive impairment related to these anticholinergic 
medications, newer anticholinergic medications targeting the β3 adrenergic recep-
tors of the bladder are more favored, but have not been FDA approved or formally 
trialed in NLUTD patients [24]. These include mirabegron and the newest FDA- 
approved drug vibegron [25, 26]. Especially in NLUTD patients who may also have 
concurrent cognitive impairment issues, such as multiple sclerosis or Parkinson’s 
disease, the newer β3 adrenergic receptor–targeting medications are increasingly 
being used as first-line oral agents over anticholinergics on this population. For 
example, a combination of mirabegron and desmopressin in one study of multiple 
sclerosis patients has been shown to improve detrusor overactivity than in solifena-
cin alone [27].

NLUTD patients refractory to oral medication can be trialed on intradetrusor 
botulinum toxin injections. The most commonly used serotype produced by 
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Clostridium botulinum bacteria is onabotulinum toxin A.  Onabotulinum toxin A 
works by inhibiting the release of presynaptic acetylcholine from nerve terminals 
and thereby decreasing muscarinic receptor activation [28]. This leads to improved 
bladder capacity and decreased detrusor overactivity and clinically improves incon-
tinence episodes. The commercially available form of onabotulinum toxin A in the 
United States is Botox™, and studies have used both 200 unit injections and 300 
unit injections for NLUTD patients [28]. Patients who do voluntarily void must be 
counseled on the risk of urinary retention. For patients who catheterize, 200U is the 
best starting dose since retention is not a concerns, whereas for voiding patients 
100U is more appropriate and less likely to result in retention. An increase in the 
frequency of injections up to every 3 months can be undertaken in the case of wean-
ing efficacy followed by either augmentation cystoplasty or dose increase (Fig. 24.2).

Specifically to multiple sclerosis patients and other NLUTD patients where void-
ing is preserved, sacral nerve neuromodulation has also been studied for both uri-
nary retention and detrusor overactivity [23, 29]. Newer generation of sacral nerve 
stimulators are now MRI-compatible since MRI is critical in neurologic follow-up 
for many of these conditions.

Augmentation cystoplasty for low bladder capacity/compliance in NLUTD 
patients entails using a small portion of detubularized small intestine or colon sewn 
to a widely opened bladder to increase overall urinary storage. This in turn mitigates 
any high detrusor filling pressures and can help prevent leakage as well as increases 

* Storage symptoms = urgency, frequency,
urgency incontinence and nocturia         

High PVR requiring CIC+
detrusor overactivity and/or poor

compliance. Storage Symptoms*  

Antimuscarinic at
maximum tolerable dose 

Botulinum toxin 200U

With autonomic
dyreflexia:

Antimuscarinics at
maximum tolerable
dose and strongly

consider
combination with
alpha blocker    

Persistent
incontinence or

poor compliance  

Persistent
incontinence or

poor compliance  

Botulinum toxin 300U

Intolerable
Side Effects

Effective and
Monitor 

Add Beta 3 Agonist
+/- Alpha Blocker

Persistent
incontinence or

poor compliance  

Effective and
Monitor 

Consider Beta 3
agonist 

Augmentation
cystoplasty 

Fig. 24.2 Flowchart for the treatment of poor bladder compliance or neurogenic detrusor overac-
tivity in NLUTD patients
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overall bladder capacity. In the appropriately worked-up NLUTD patient, this can 
be another option to help manage incontinence and the overall bladder and may be 
an early option in younger patients where countless botulinum toxin injections are 
anticipated, and they may desire a more definitive option or have difficulty with 
catheterizing and need construction of a catheterizable channel [23]. Complete 
description of this procedure is discussed in Chap. 12.

 Treatment of the Outlet

In female NLUTD patients with urinary incontinence, treatment of the outlet is 
often required and a range of options exist. Options include pubovaginal sling, blad-
der neck reconstruction, urethral bulking agents, artificial urinary sphincter (AUS), 
and urinary diversion.

For female NLUTD patients with patulous urethras or intrinsic sphincter defi-
ciency, an autologous fascial pubovaginal sling is one of the best surgical options 
with high efficacy and low morbidity. Patients can easily perform clean intermittent 
catheterization (CIC) through a pubovaginal sling without concerns about mesh 
erosion that exists with midurethral slings. Neurogenic women with ISD appear to 
have comparable outcomes to nonneurogenic women [30]. One study of 33 female 
patients with myelomeningocele or spinal cord injury and ISD showed a 91% satis-
faction rate after the placement of pubovaginal sling with 25 patients completely 
dry and five patients markedly improved [31]. While synthetic mesh options do 
exist, autologous fascial pubovaginal slings may be the more suitable option in 
NLUTD patients who require daily lifelong intermittent catheterization.

Bladder neck reconstruction is another option for female NLUTD patients with 
ISD. Several techniques exist with the main objective of increasing bladder outlet 
resistance [30]. In female NLUTD patients with devastating patulous urethras from 
chronic indwelling urethral catheters, bladder neck closure may be necessary due to 
inadequate residual urethral tissue to reconstruct or permit a pubovaginal sling. A 
continent catheterizable stoma, typically using appendix or ileum, is concurrently 
created to allow for bladder drainage if the patient desires continence and has good 
manual dexterity. Otherwise, a suprapubic tube is placed concurrently [32, 33]. The 
approach to bladder neck closure can be transvaginal versus retropubic. One study 
of 64 women who underwent bladder neck closure and suprapubic catheter place-
ment showed no significant difference in achieving urethral continence between 
either approach; however, the transvaginal group had a significantly shorter mean 
operative time, hospital stay, and fewer short-term complications [34]. See Chap. 13 
for details of this procedure.

Injecting urethral bulking agents can be performed in an outpatient clinic setting 
without general anesthesia and involve minimal morbidity. However, they are not 
efficacious in patients with severe stress urinary incontinence. The bulking agent is 
injected periurethrally or intraurethrally through a cystoscope. Due to its minimal 
invasiveness, intraurethral bulking agents are a good option for patients who are poor 
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surgical candidates. The following are the four FDA-approved agents currently on 
the market: silicon microparticles (Macroplastique®), pyrolytic carbon-coated zir-
conium oxide bead (Durasphere®), calcium hydroxyapatite (Coaptite®), and poly-
acrylamide hydrogel (Bulkamid®) [16]. The majority of the bulking agent literature 
as it pertains to intrinsic sphincter deficiency population is within the pediatric 
NLUTD population. However, in one adult study, it has been used as an adjuvant 
procedure for persistent low pressure incontinence after pubovaginal sling. Long-
term follow-up of 8 years showed that only two of 27 patients were continent, despite 
repeat injections. Despite there being low success, bulking agents can serve as a 
useful option due to low complication rate after other failed outlet procedures [30].

While placing an artificial urinary sphincter (AUS) in females is not FDA- 
approved in the United States, European countries such as France recommend AUS 
placement in females with intrinsic sphincter deficiency. In the female NLUTD 
patient population, AUS placement would only be viable in select candidates with 
good manual dexterity and who would not normally require catheterization. One 
such study has suggested satisfactory outcomes in female neurogenic stress urinary 
incontinence with low rates of infection and erosion [35].

 Salvage Treatment with Urinary Diversion

In select patients with small poorly compliant bladders and/or persistent urinary 
incontinence refractory to conservative measures or serious complications such as 
urethral erosion or unreconstructable fistulae, salvage treatment with urinary diver-
sion may be required. For patients with limited upper extremity function, cognitive 
impairment, or poor renal function, an ileal conduit is the best option. For patients 
with good renal function and good manual dexterity, a continent diversion, such as 
an Indiana pouch, is an excellent option. The Indiana pouch is a particularly good 
option for patients with a devastated bladder outlet.

At the time of surgery, a simple cystectomy or Spence–Allen procedure (iatro-
genic vesicovaginal fistula) can be performed to prevent pyocystis.

 Conclusion

While most of the management of NLUTD is irrespective of gender, the manage-
ment of neurogenic incontinence in females can differ from that in males. Treatment 
options such as pubovaginal slings are often more appropriate for female NLUTD 
patients given anatomy. Additionally, it is vital to assess for other nonneurogenic 
causes for voiding dysfunction in these females such as pelvic organ prolapse or 
urinary fistula. Understanding the unique workup and management for NLUTD 
patients, especially that for female NLUTD patients, is essential for providing 
excellent urologic care in this population.
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Chapter 25
Urinary Incontinence in the Elderly

Casey G. Kowalik and Lara S. MacLachlan

 Introduction

The prevalence of urinary incontinence increases with age and affects up to 30% of 
women over the age of 60 [1]. As the population ages, the number of women with 
urinary incontinence will increase. In addition to the standard evaluation reviewed 
in Chap. 3, it is critical to understand the particular factors that need to be addressed 
in an elderly population. The morbidity associated with urinary incontinence in the 
elderly can be significant and has been independently associated with nursing home 
admission [2]. It is essential to not only understand the patient’s condition, but also 
incorporate any comorbidities, degree of bother, goals of care, and the involvement 
of any caregivers into the decision algorithm. Additionally, age itself may not be as 
important, versus the degree of frailty, which has been associated with adverse out-
comes. While frailty does increase with age, the concept of frailty as it relates to the 
care of patients is becoming increasingly important. For example, a robust 75-year- 
old woman will have different considerations than a frail 65-year-old. It is also 
important to emphasize that urinary incontinence is a chronic condition and the goal 
of treatment is to provide improvement in symptoms and quality of life, not neces-
sarily the cure of the incontinence.
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 Conditions Contributing to Urinary Incontinence 
in Elderly Women

The development of urinary incontinence in women is largely multifactorial, but many 
of these factors are more common in the elderly. First, aging itself is a risk factor for 
lower urinary tract dysfunction (Table 25.1). There are numerous anatomic, physio-
logic, metabolic, and hormonal changes that occur with aging, along with the effects 
of other coexistent disease processes. In studies of healthy women, without a history 
of neurologic disease, pelvic surgery, or diabetes, there was a decline in detrusor con-
tractility, bladder sensation with filling, and maximum urethral closure pressure 
(MUCP) with each decade of aging [3, 4]. Another study of age-related urodynamic 
changes found an association of age with slower flow rates, reduced bladder capacity, 
and increased postvoid residual [5]. Investigation of muscarinic receptors in the detru-
sor of patients with normal bladder function found an age-related decrease in mRNA 
expression for M3 receptors, which could explain the decreased detrusor contractility 
with aging [6]. Reduced bladder contractility can result in elevated residual urine, 
leading to overflow incontinence. Also, incomplete emptying coupled with lower 
MUCP may increase stress urinary incontinence (SUI) symptoms.

Beyond lower urinary tract pathology, there may be other influences increasing 
the likelihood of urinary incontinence in the elderly [7]. Some comorbid conditions 
can exacerbate urinary incontinence. For example, any condition with chronic 
coughing, such as emphysema, can increase stress urinary incontinence symptoms. 
Medical conditions that result in polyuria such as diabetes mellitus, diabetes insipi-
dus, diuretic use, or primary polydipsia will contribute to polyuria and can exacer-
bate urinary incontinence. Conditions such as congestive heart failure, venous 
insufficiency, and nephrotic syndrome can cause peripheral edema. When recum-
bent during sleep, this fluid mobilizes and may result in increased nocturnal urine 
production. Disorders that result in cognitive impairment, such as Alzheimer’s dis-
ease or delirium, can lead to increased urinary incontinence due to a lack of aware-
ness or motivation for toileting. Additionally, in patients with cognitive impairment, 
the use of validated questionnaires is unlikely to be useful. Severe constipation is 
more common in elderly women and can lead to urinary dysfunction. Urogenital 
atrophy is most likely to result in symptoms of vaginal dryness and burning, but 
urinary symptoms can also be present, comprising the genitourinary syndrome of 
menopause, and vaginal estrogen treatment can help [8].

Polypharmacy is another major issue affecting the elderly as many medications 
can modify lower urinary tract function and, thus, may have some effects on 

Table 25.1 Effects of aging on 
the lower urinary tract

Bladder contractility decreases [3, 6]
Bladder capacity decreases [5]
Decreased maximum urethral closure pressure [3, 4]
Slower flow rate [5]
Increased postvoid residual [5]
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continence. For example, α-blockers have been linked to a reversible cause of stress 
urinary incontinence [9]. Other medications, such as diuretics, may increase urine 
production. It is not only the medication itself that can influence urinary symptoms, 
but the side effects from the medication may influence them. Angiotensin-converting 
enzyme inhibitors may cause a cough and increase urinary incontinence. Many 
medications cause dry mouth, which may result in increased fluid intake or can 
worsen constipation, both side effects contributing to the propensity for urinary 
incontinence. Compounding the effects of polypharmacy can be the addition of 
medical treatment for urinary incontinence, leading to a complex situation where 
the treatment of the incontinence causes secondary effects (i.e., constipation) that 
actually worsen the incontinence.

It is important to assess mobility and manual dexterity in elderly women as both 
can affect the likelihood of functional incontinence or urinary leakage that occurs 
due to reasons unrelated to the bladder. It is understandable that women with uri-
nary urgency and urgency incontinence will more likely have an incontinence epi-
sode if it takes a prolonged amount of time to reach the toilet. In some cases, 
assistance may be required to transfer to the toilet, thus making the patient depen-
dent on others to avoid incontinence episodes. Evaluation of mobility can be done 
formally with assessments such as Timed Up and Go (TUG) test that involves mea-
suring in seconds the time to stand up from a chair, walk 3 m, and return to sit in the 
chair and is a validated measure of frailty [10]. An informal measure may be obser-
vation of the patient’s ability to move from their chair to the exam table. Mobility- 
related issues may be improved by ensuring a direct route to the toilet or acquiring 
a portal commode. Poor manual dexterity may result in longer time needed to 
undress and could be ameliorated by clothing without buttons.

Figure 25.1 is a schematic that highlights the interwoven complexity of 
these issues.

Lower urinary
tract changes

Urinary
incontinence

Co-morbidities

Impaired
mobility

Impaired
cognition

Polypharmacy

Medical treatment for
urinary incontinence

Medication
side effects

Fig. 25.1 Schematic highlighting the complex interactions of effects associated with aging and 
urinary incontinence
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 General Treatment Considerations in Elderly Women

In elderly women, the same treatment options are available for both SUI and urge 
urinary incontinence (UUI) as in younger women, but there are additional consider-
ations to account for, which are highlighted in Table 25.2.

Elderly women with urinary incontinence have an increased risk of concomitant 
pelvic floor disorders, such as pelvic organ prolapse or fecal incontinence [11]. It is 
generally agreed that the pathophysiology of these conditions shares a common 
origin, with intrinsic predisposing factors such as genetics, age, race, menopause, 
and extrinsic risk factors affecting the pelvic floor, such as obstetric history, pelvic 
floor surgery, comorbidities, and obesity [12, 13]. It is essential to evaluate for these 
because their presence may alter your treatment recommendations. For example, a 
woman with urinary and fecal incontinence may have more potential benefits from 
sacral neuromodulation (SNS) that could potentially treat both. The relationship 
between pelvic organ prolapse and bladder dysfunction is complex, and there is 
likely an association between the degree of prolapse and urinary incontinence [14]. 
In these patients, correcting prolapse, either nonoperatively or surgically, may 
improve incontinence symptoms.

Frailty is a defined syndrome characterized by an increased vulnerability. Frailty 
has been associated with increased risk of surgical complications, increased length 
of hospital stay, and probability of discharge to a nursing facility [15]. Currently, 
there is no standard method for screening and measuring frailty, but several assess-
ment tools exist, such as the Fried frailty index, gait speed (measured by TUG), or 
grip strength [16, 17]. The importance of frailty as it relates to urinary incontinence 
is twofold in that pelvic floor disorders are associated with frailty and the presence 
of frailty influences treatment options and outcomes.

Table 25.2 Special considerations for elderly patients with urinary incontinence

Assessment options

Mobility “Is the bathroom on the same floor or do you have to go upstairs/
downstairs?” Timed Up and Go test, observation of transfer to exam 
table

Frailty Fried frailty index, Timed Up and Go test
Involvement of 
caregivers

“Who helps with self-care?” “How often are your caregivers 
available?”

Cognition Mini-Mental Status Exam
Falls prevention “Are there any obstacles in the path to the bathroom?” (e.g., rugs, 

stairs)
Polypharmacy Review list of medications
Comorbid conditions Assess how each may contribute to urinary incontinence
Primary sleep disorders Referral for formal sleep assessment
Concomitant pelvic 
floor disorders

Physical examination for pelvic organ prolapse, ask about fecal 
incontinence: “Do you ever have accidental leakage of stool?”
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If medication treatment is going to be recommended, then keep in mind that the 
interactions of overactive bladder medications with their current medication list are 
crucial. For example, starting an antimuscarinic can increase the anticholinergic 
burden on patients who may already be on other anticholinergic medications, which 
could theoretically increase the risk of dementia [18]. Furthermore, anticholinergics 
have been associated with an increased risk of falls.

Urinary incontinence can lead to skin breakdown and dermatitis, which may be 
compounded by decreased mobility with prolonged sitting or lying. Minimizing 
skin damage caused by incontinence can be achieved by successfully improving 
urinary incontinence, keeping the skin dry, and applying an emollient as a barrier 
between the urine and skin. In significant cases, catheterization may be warranted 
for diversion of urine away from the wounds.

 Treatment of Urge Urinary Incontinence

 First-Line Treatments: Behavioral Modifications

Behavioral modifications have generally been the mainstay for the treatment of urge 
urinary incontinence (UUI) in the elderly and can be individualized for people with 
varying levels of cognitive and physical impairments who may need assistance with 
self-care activities.

In an attempt to reduce urinary incontinence episodes, many elderly patients will 
report that they restrict their fluid intake. Although counter-intuitive, a small ran-
domized control trial suggests that adequate hydration is more useful in the man-
agement of urinary incontinence [19] Older women were randomized to one of 
three groups: increase fluid intake to 500 cc, maintain fluid intake at baseline level, 
or decrease fluid intake by 300 cc. Although compliance to the fluid intake protocols 
was poor, follow-up interviews revealed that women who had reported a decrease in 
UI episodes felt that increasing their fluid intake was the most significant learn-
ing point.

In addition to fluid management, toileting therapy programs that include 
prompted voiding techniques and habit retraining can be utilized to improve 
UUI. Prompting the individual to toilet is designed to increase the patient’s requests 
for toileting and self-initiated toileting, which will in turn decrease the number of 
UUI episodes. This is an effective short-term treatment of daytime UUI in nursing 
home residents and home care clients when caregivers comply with the protocol 
[20]. Habit retraining first requires identification of the individual’s baseline toilet-
ing pattern with incontinence episodes. Once a baseline toileting pattern is estab-
lished, a new toileting schedule can be created to preempt the UUI episodes.

Pelvic floor muscle training (PFMT) is an exercise program that involves inten-
tional contraction of the pelvic floor muscles which can suppress detrusor overactiv-
ity and strengthen urethral support. Studies on the use of PFMT to treat UUI in the 
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elderly have demonstrated a reduction in the number of UUI episodes as well as an 
increase in patient satisfaction [21]. Behavioral modification therapy can often take 
a combined approach that includes elements of all of the above techniques. In fact, 
studies in community-dwelling older women have shown that a combined approach 
to behavioral modification that includes PFMT, habit retraining, and lifestyle modi-
fications can improve UUI [22].

Although behavioral modifications can be an effective treatment option for UUI 
in the elderly, the approach needs to be tailored to the individual’s abilities and dis-
abilities. Elderly patients with cognitive impairment may require active involve-
ment of their caregivers for prompted voiding or assistance with fluid management. 
Elderly patients with functional limitations may have difficulty with toileting pro-
grams if they are not able to safely transfer to the toilet. In an effort to achieve suc-
cess with behavioral therapy, one must keep in mind that a one-size-fits-all approach 
will not accommodate the diverse needs of older patients.

 Second-Line Treatments: Pharmacologic Treatment

Medication therapy is considered a second-line treatment for UUI treatment but can 
present challenges in the elderly population due to the risk of medication noncom-
pliance, polypharmacy, and increased side effects (Fig. 25.1). Following a compre-
hensive evaluation and a trial of appropriate behavioral therapy, pharmacologic 
treatment can be considered in the elderly population. In fact, it has been suggested 
that pharmacologic treatment in the elderly who are eligible for medication therapy 
is underutilized. A study of nursing home residents in the United States found that 
only 7% of eligible residents received medication therapy for their incontinence [23].

Medication therapy for UUI includes antimuscarinics and β3-adrenoreceptor 
agonists. Oxybutynin has been well studied and is available in several preparations. 
Oxybutynin’s efficacy to decrease episodes of UUI in the elderly has also been well 
established; however, its known risk of acute cognitive impairment is why it is not 
used readily in the elderly population [24, 25]. The use of the transdermal formula-
tion of oxybutynin may be more favorable in the elderly due to the avoidance of first 
pass metabolism, which would reduce its side effect profile [26]. Fesoterodine has 
also been well studied in the older population with good efficacy results and similar 
side effect profiles when compared to a younger population [27, 28]. Trospium is 
the only antimuscarinic with a quaternary amine structure, while the others are ter-
tiary amines, giving it hydrophilic properties so that it is less likely to cross the 
blood-brain barrier and contribute to central nervous system effects, such as cogni-
tive impairment [26]. A randomized controlled trial demonstrated no changes in 
cognitive function in women older than 50 years who were given trospium when 
compared to placebo [29]. Of all the antimuscarinic choices, trospium may be pre-
ferred in older patients with UUI given its unique chemical structure. Mirabegron is 
the only approved β3-adrenoreceptor agonist on the market, but there is a paucity of 
published data on its use in the elderly population; however, given its low side effect 
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profile, overall it may be a better first choice in those patients without contraindica-
tions (uncontrolled HTN or drug interactions).

Although medication therapy may be successful in improving UUI in the elderly, 
this has to be weighed against the potential side effects in this vulnerable popula-
tion. Mitigating these side effects is essential. For example, constipation as a side 
effect of antimuscarinics may ultimately worsen urinary incontinence, resulting in 
no significant improvement in symptoms. Studies have demonstrated an association 
between higher cumulative antimuscarinic use and increased risk of dementia [18, 
30]. The AUA/SUFU guidelines for overactive bladder recommend using caution 
when prescribing medications in the frail older patient, given the risk of cognitive 
impairment. A baseline assessment of patient cognition using the Mini-Mental State 
Examination is recommended in those patients who are at risk of cognitive impair-
ment prior to receiving antimuscarinic therapy to assess the risk of further cognitive 
decline [31]. Additional considerations prior to prescribing medications to the 
elderly are the age-related changes that could affect the pharmacokinetics and 
metabolism of medications. Slow gastric emptying can be seen in increasing age, 
which may reduce drug absorption. In addition, older patients can have decreased 
serum albumin that can lead to increased plasma levels of free drug [32]. Given the 
risk profile of medication therapy for UUI, a proactive approach with close monitor-
ing is recommended when using medication therapy in the elderly.

 Third-Line Treatments: Intradetrusor Onabotulinum Toxin 
A and Neuromodulation

In patients who are refractory to first- and second-line therapies, the AUA/SUFU 
guidelines recommend consideration of third-line therapies such as intradetrusor 
onabotulinum toxin A (BoNT-A), posterior tibial nerve stimulation (PTNS), or 
sacral neuromodulation.

Intradetrusor onabotulinum toxin A (BoNT-A) injections can be considered in 
carefully selected and thoroughly counseled elderly patients who are refractory to 
first- and second-line therapies. Studies have demonstrated no difference in reduc-
tion of mean daily UUI episodes between older and younger patients receiving 
BoNT-A injections; however, older patients did have a higher rate of urinary tract 
infections [33]. Another study investigated BoNT-A injections in three groups: frail 
elderly patients, elderly patients without frailty, and younger patients. They found 
that all three groups had similar success rates following BoNT-A injections at 3 and 
6 months; however, the frail elderly group had significantly lower long-term success 
rates at 12 months. In addition, the frail elderly group had increased postvoid resid-
uals and slower return to spontaneous voiding for those in urinary retention [34].

In drug-naive patients who prefer to avoid medications due to potential side 
effects or cost, the guidelines suggest consideration of PTNS as it is minimally 
invasive and reversible in nature [31]. A retrospective study on the effectiveness of 
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PTNS on an elderly population demonstrated a subjective success rate of 70% that 
is comparable to published success rates for PTNS in a younger population [35]. 
One of the potential barriers to the elderly receiving PTNS treatment is related to the 
need for weekly 30-min treatments for 12 weeks followed by monthly maintenance 
sessions. This commitment could pose an issue for those elderly patients who 
require transportation assistance to appointments.

Sacral neuromodulation (SNS) can be considered for the treatment of refractory 
UUI in the carefully selected elderly patient who is a candidate for a surgical proce-
dure. Previous studies have reported lower success rates in older patients following 
SNS when compared to younger patients [36, 37]. However, a more recent study 
looking at the impact of age on SNS outcomes challenges the existing literature. 
This particular study demonstrated no difference in response to SNS test stimula-
tion trials or in the implantation rate in older patients when compared to younger 
patients [38]. When considering SNS as a treatment for UUI in the elderly popula-
tion, an important factor to consider is the patient’s cognitive status and ability to 
operate the neurostimulator device, since poor understanding of the device is a con-
traindication for the therapy as it will not be efficacious if misused.

 Treatment of Stress Urinary Incontinence

 Nonsurgical Treatment Options

Pelvic floor muscle training (PFMT) improves pelvic floor muscle strength, endur-
ance, and power, which is a commonly used treatment for women with stress uri-
nary incontinence (SUI). PFMT has been well studied and has been shown to cure 
or improve SUI in all age groups [39]. In the elderly population specifically, PFMT 
has been studied and shown to significantly improve SUI symptoms [40, 41].

Incontinence pessaries are a nonsurgical option for the treatment of SUI for the 
elderly who prefer a nonsurgical intervention. Vaginal pessaries are one of the old-
est medical devices and have been used for centuries as a treatment for pelvic organ 
prolapse. More recently, vaginal pessaries have been redesigned into incontinence 
pessaries for the treatment of SUI. They are designed to support the urethra and 
bladder wall, increasing urethral length, and provide gentle compression of the ure-
thra against the pubic bone [42]. A retrospective review of women treated with an 
incontinence pessary for their SUI demonstrated complete resolution or a decrease 
in their incontinence in 59% of the women, and advanced age did not affect the suc-
cess of the treatment [43]. Common complications of incontinence pessary use 
include an increase in vaginal discharge with or without odor, new onset difficulty 
in voiding, and spontaneous expulsion. A rare complication is vaginal erosion that 
can often be treated with topical estrogen cream with concomitant removal and 
subsequent refitting of the pessary. Pessaries do require regular removal and inspec-
tion of the vaginal epithelium, so they would not be a viable option for those patients 
who would be unlikely to follow up.
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 Surgical Treatment Options

Injection of a urethral bulking agent is a minimally invasive treatment of SUI, which 
is an option for elderly patients who are not considered surgical candidates. Injection 
of a bulking agent into the submucosa of the urethra elevates the urethral mucosa 
restoring coaptation, which then will increase urethral resistance and improve con-
tinence. A meta-analysis evaluating the efficacy and effectiveness of bulking agents 
in all age groups demonstrated a pooled objective treatment success rate of 46% in 
women with a follow-up of >12 months [44]. However, studies of older patients 
treated with urethral bulking agent injection have reported objective success rates 
between 73.2% and 77% [45, 46]. Potential complications include urinary retention, 
urinary tract infection, and worsening urinary incontinence. Complication rates are 
low and have been reported between 0% and 5.7% [44, 45]. Given the high success 
rates and low adverse event rates seen in the elderly, the injection of a urethral bulk-
ing agent can be considered a valid alternative to surgery in older patients and does 
not require anesthesia or halting of any medications prior to procedure.

Surgical procedures for the treatment of SUI are being more commonly per-
formed in the elderly with a significant increase in SUI surgery in older women 
recently when compared to younger women [47]. Over the last two decades, there 
has been a shift from colposuspension and pubovaginal (autologous fascia) sling 
surgery to the more minimally invasive surgery of midurethral sling procedures. In 
an older population, colposuspension and pubovaginal sling surgery may not be as 
successful when compared to a younger population. The Stress Incontinence 
Surgical Treatment Efficacy Trial (SISTEr) that compared Burch colposuspension 
to pubovaginal slings revealed that older women were more likely to have a positive 
stress test and less subjective improvement of SUI at follow-up when compared to 
younger patients [48]. There was no difference in postoperative adverse events, but 
older women were more likely to require repeat surgery.

The minimally invasive nature of the midurethral sling procedure has increased 
the number of women, especially older women, who may be considered candidates 
for a surgical procedure to treat their SUI. The efficacy of midurethral sling surgery 
in the elderly has been investigated and demonstrated no significant difference in 
subjective cure between older and younger groups [49]. However, multiple studies 
have demonstrated an increase in perioperative complications such as longer hospi-
talization time, higher incidence of short-term voiding difficulties, increase in hos-
pital readmissions, increase in recurrent urinary tract infections, and higher rates of 
de novo overactive bladder symptoms [49–51]. In summary, elderly women have 
similar outcomes from midurethral sling surgery but incur a higher associated mor-
bidity when compared to younger women. The risks would need to be carefully 
weighed against the potential benefits on an individual basis prior to proceeding 
with midurethral sling surgery.

25 Urinary Incontinence in the Elderly



474

 Conclusion

There is a need to continually personalize clinical care pathways for elderly patients 
with urinary incontinence in order to capture all the additional diagnostic and thera-
peutic considerations that go into decision-making in this population. There are still 
a lot of unanswered questions regarding the ideal treatment of elderly women with 
urinary incontinence and the impacts of different treatment options on factors spe-
cific to this population (i.e., cognition, role of caregivers). For this reason, further 
research in this arena is imperative to reduce the burden of urinary incontinence on 
this vulnerable population.
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Chapter 26
Maximizing Intraoperative Performance 
and Safety During Incontinence Surgery

Kristin Chrouser and Keow Mei Goh

 Patient Safety in the Operating Room

The last several decades have seen widespread institutional adoption of patient 
safety practices such as huddles, preoperative briefings, and preprocedural “time- 
outs.” These team-based tools are intended to maximize communication and 
improve outcomes by preventing adverse events such as wrong site surgery, surgical 
site infections, and intraoperative errors. Best practices to protect patient safety are 
available in many guidelines and white papers from various surgical societies [1, 2]. 
Here, we will focus on selected patient and safety considerations that are particu-
larly relevant to incontinence surgery.

 Safe Patient Positioning

Correct positioning of the patient is crucial in preventing injury in the operating 
room (OR). Once under anesthesia, the patient will be unable to communicate dis-
comfort or adjust their position. Many risk factors influence positioning including 
the type and length of surgical procedure, need for access to the operative site, 
patient’s height, weight, age, nutritional status, level of mobility, and comorbidities 
[3]. General guidelines for patient positioning should be followed [4]. The OR staff 
need to be well versed in the use of advance positioning devices and supplies. All 
equipment (e.g., stirrups, padding, and arm boards) required for positioning should 
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be in the room before the patient’s arrival. The OR bed should be able to support the 
patient’s weight and be of sufficient width.

 Supine Positioning

Ulnar neuropathy is the most common injury associated with supine positioning. 
The goal is to minimize pressure on the ulnar grove and avoid both arm hyperexten-
sion and flexion >90° [5]. In addition, hyperabduction of the shoulder, external rota-
tion and dorsal extension of the arm, and flexion of the head to the contralateral side 
will increase the risk of brachial plexus injury. In order to avoid this, the head should 
be in midline and straight. Arms should be in a neutral position, rotated medially 
and tucked under the draw sheet. Alternatively, the arms can be placed laterally on 
an arm board and abducted <90° to prevent dorsal hyperextension [6]. Radial nerve 
injury can occur if the supinated arm is inadvertently hanging off the table or from 
a distally misplaced blood pressure cuff. The median nerve can be injured if the arm 
is pronated and hanging off the table. Hyperextension of the elbow also places the 
median nerve at risk. Even when taking safety precautions, idiopathic nerve injuries 
have been documented [6].

 Trendelenburg Positioning

The Trendelenburg position is a common position with vaginal as well as laparo-
scopic/robotic pelvic surgery that can lead to increases in central venous, intracra-
nial, pulmonary venous, and intraocular pressures [7]. In addition to decreases in 
functional residual capacity and pulmonary compliance, the practice of taping the 
patient’s chest to secure them into place for this position has resulted in compro-
mised lung function [8]. Severe head and neck edema has resulted in laryngeal 
edema requiring reintubation and posterior ischemic optic neuropathy resulting in 
loss of vision following robotic prostatectomy [9, 10]. In the past, shoulder braces 
have been used to prevent cephalad migration of the patient on the table. However, 
the use of shoulder braces has resulted in documented brachial plexus injuries [6].

Nerve injuries related to incorrect positioning have been estimated at 0.02% and 
0.16% for the upper extremities and 1.5–1.8% for the lower extremities during lapa-
roscopic gynecologic surgery and 1% in robotic-assisted surgeries. Note that the 
exact incidence may be higher due to underreporting and the fact that many of these 
injuries are self-limited [11]. Patient factors that increase the risk of nerve injury 
include the following: very high or very low body mass index (BMI), age >60 years, 
a history of smoking or alcohol intake, hypovolemia, hypotension, electrolyte 
imbalance or malnutrition at the time of surgery, and higher ASA scores [12, 13]. 
Historically, operative time was felt to play a major role in nerve injury after lithot-
omy positioning, but recent data are less convincing [11]. In order to avoid nerve 
injuries, patient positioning is crucial. When positioning the patient’s legs in stirrups 
or tucking the arms against the OR table, attention should be paid to extra padding 
to cushion nerves where they are at risk for compression. Excessive hip flexion 
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(>80°–90°), extreme abduction and external rotation while in lithotomy, and pres-
sure on the patient’s inner thigh all place the femoral nerve at risk for a compression 
injury [14].

Avoiding the cephalad movement of the patient while in steep Trendelenburg has 
been the subject of much debate; however, there is not clear evidence which tech-
nique is best given few direct comparisons [15]. In addition to shoulder braces, 
other techniques for stabilizing patient position on the table include bean bags, egg 
crate or foam mattress pads, or the Pink Pad® system [15, 16]. Continuous intraop-
erative neuromonitoring using upper extremity somatosensory evoked potentials 
was recommended as a novel way to monitor for intraoperative neuropathic injury 
in real time [17]. When focusing on proper positioning, the team should take care to 
pad all pressure points and avoid hyperflexion, overrotation, or excess abduction of 
the limbs. In addition, the minimum amount of Trendelenburg needed to achieve 
visualization should be used [11].

 Lithotomy Positioning

Lithotomy position is commonly utilized for incontinence procedures. There are 
multiple levels of lithotomy position which vary in the degree of hip angulation and 
leg height, from low lithotomy (legs at approximately 35° relative to the axis of the 
bed) up to exaggerated lithotomy (legs at >90°) [18]. In standard lithotomy position, 
legs are abducted 30–45° from the midline, hips flexed at 80–100°, and lower legs 
parallel to the torso [5]. Care should be taken to limit the leg elevation and abduc-
tion to provide adequate surgical exposure without compromising lower extremity 
circulation or impacting patient hemodynamics [19]. Lower extremity injuries from 
lithotomy position are well documented. The peroneal nerve is at risk of compres-
sion between head of fibula and the stirrup. In a similar fashion, the saphenous vein 
can be compressed at the medial tibial condyle. Hyperflexion of the hips and exten-
sion of the knees risk injury to the sciatic nerve [5]. In a retrospective study of 
patients undergoing surgery in the lithotomy position at the Mayo Clinic, Warner 
et al. found a one in 3608 incidence of motor neuropathy lasting >3 months with the 
common peroneal nerve involved in 78% of these cases [20]. Risk factors for injury 
include extremes of body size and surgery >2 hours. Compartment syndrome requir-
ing fasciotomy and rhabdomyolysis has also been reported in cases lasting 
>4.5 hours [5, 19]. In a study of 177 patients placed into exaggerated lithotomy 
position, 28 patients experienced peroneal nerve injury with 27 of the cases resolv-
ing [21].

While in lithotomy, legs can be supported in candy cane stirrups, knee crutch 
stirrups, or boot-type stirrups (Fig.  26.1). When using candy cane stirrups, the 
patient’s legs should not be allowed to rest on the vertical bar. Padding can be placed 
between the bar and the patient’s leg, but this does not guarantee safety. Care should 
be taken to avoid overrotation of the patient’s hips with rotation of the candy canes. 
Gel boots and wide straps can help with reducing pressure to the ankle and the foot 
[22]. The knee crutch–type stirrups place the weight of the lower extremity on the 
popliteal space in the posterior knee, increasing the risk of injury to the posterior 
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and common peroneal nerves and the popliteal artery [23]. Alternatively, the boot- 
type stirrup allows for the weight of the leg to be distributed over the leg and the 
foot, while allowing for intraoperative adjustment of hip flexion and leg abduction 
[22]. If exaggerated lithotomy position is required, the perineum will be almost 
parallel to the floor and a bolster should be used to support the low back [5]. In order 
to ensure correct lithotomy positioning in boot-type stirrups, the patient should be 
positioned so the sacrum is well-supported once the foot of the table is removed and 
the table rail clamp should be aligned with the patient’s hip. The heel should rest in 
the base of the boot. The knee angle should remain <90° as to avoid hyperflexion 
(for reference, straight leg is 0°). The long axis of the boot should be directed toward 
the contralateral shoulder [5]. Upper extremities should be tucked or extended later-
ally, keeping in mind the same concerns as above in supine positioning. In addition, 
ensure that the fingers are not injured when removing or replacing the foot of 
the bed.

 Positioning in Challenging Situations

 Obese Patients

The prevalence and degree of obesity in Americans continue to increase every year. 
In 2020, the CDC estimated that 9.8% of the US population was considered severely 
obese (BMI >40) and this number will continue to rise [24]. These patients create 
unique challenges in the OR. In addition to addressing all the positioning concerns 

Fig. 26.1 Stirrup options for lithotomy position
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above, care must be taken to ensure that the patient is not positioned on wrinkled 
bed linen and that equipment such as compression stockings, blood pressure cuffs, 
and the OR bed are adequately sized. In moving the patient to the OR table, the use 
of transfer device such as the HoverMatt® is a useful adjunct to reduce the risk of 
patient skin shear and musculoskeletal injury to the staff. For severely obese 
patients, lifting and lowering the patient’s legs from stirrups should be done slowly 
to prevent lumbosacral strain and to avoid rapid changes in circulatory system [4]. 
There are bariatric boot-type stirrups that have higher weight limits, wider boots, 
and lift assist. The off-label use of pneumatic Hoyer lifts to support patient’s legs 
has also been reported [22].

 Patients with Contractures or Amputations

When positioning a patient with limited flexibility due to joint contractions, con-
sider placing the patient in the position required for surgery prior to the delivery of 
anesthesia to confirm that the patient is able to comfortably lie in that position. 
Sometimes contractures can make some surgical approaches (e.g., prone and lithot-
omy) physically impossible. Placing patients with amputations into lithotomy 
requires special consideration to support the single amputated limb. For low ampu-
tations, boot-type stirrups with extra padding are often adequate. If leg elevation is 
unnecessary, one strategy is to use a split leg table with shoulder support to brace the 
stump site [25] (Fig. 26.2).

Fig. 26.2 Positioning 
amputee using split leg 
table and shoulder 
supports. (With permission 
from Keow Goh (top) and 
James Williamson 
(bottom))
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 Safe Use of Intraoperative Radiation

Sacral neuromodulation is commonly used for the treatment of refractory urge 
incontinence. Although the procedure itself is of very low risk, it requires fluoros-
copy that exposes both the patient and surgical team to ionizing radiation. Accurate 
lead placement can be accomplished while minimizing radiation exposure to both 
patients and surgical staff. Many studies confirm a lack of awareness of the risks 
(e.g., cancer, infertility, and cataracts) of radiation exposure [26, 27]. Every effort 
should be made to reduce both dose and exposure time while maximizing shielding 
(Table 26.1) [1]. Surgeons should optimize fluoroscopy settings by using pulsed 
radiation, reduced pulse rates and doses, image holding/fluoroscopy store, and 
image collimation [28].

 Patient Protection

The patient should be positioned closest to the image intensifier and farther from the 
side of the X-ray tube. A designated member of the operative team (nurses or radiol-
ogy technicians) should monitor the dose and report when the maximal dose has 
been reached [29]. Institutions should have a policy to screen female patients for 
possible pregnancies. If a pregnant female must be exposed to ionizing radiation, 
appropriate shielding should be placed over the abdomen and pelvis to protect the 
fetus [30].

Table 26.1 Strategies for minimizing radiation exposure of patients and surgical team [1]

Reduce dose and exposure time

Limit fluoroscopy time
Low dose setting (set as default)
Pulsed fluoroscopy on lowest setting (e.g., 1 pulse per second)
Use spot fluoro images, not continuous fluoroscopy
Use “last image hold” and “save and swap” technology
Collimate to narrow area if entire image does not need to be seen
Maximize distance from energy source, minimize distance from image intensifier (reduce 
scatter)
Minimize the use of image magnification (magnification increases dose)
Use physician foot pedal control (avoids confusion of when fluoroscopy is needed, and whether 
it needs to be continuous)
Use dedicated surgical radiation technologist who is familiar with case anatomy
Shielding

Use personal protective equipment (lead aprons, thyroid shields, lead glasses, and lead gloves)
Shield patient (e.g., radiosensitive areas like thyroid, pelvis in pregnant patients)
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 Staff Protection

Perioperative team members should limit exposure time and maximize distance 
from the source of radiation. The amount of radiation exposure is inversely propor-
tional to the square of the distance to the source. Additionally, the person activating 
the radiology equipment should provide those in the room an opportunity to don 
protective equipment [31]. Personnel can use fixed shielding, mobile shields, 
equipment- mounted shields, or personal protective devices such as aprons and thy-
roid shields. Care should be taken to provide coverage on the back of the personnel 
if X-ray exposure is likely. If the hands of the personnel are likely to be in path of 
the radiation beam, protective gloves and finger dosimeters should be available [31]. 
The OR staff needs to be consistent in wearing protective lead aprons and thyroid 
shields while using dosimeters to monitor exposure. In one study, only 50–56% of 
personnel at academic training centers used dosimeters, and this percentage was 
even less in private institutions [32]. Notably, the team leaders’ adoption of radia-
tion protection practices influences staff compliance [33]. Pregnant personnel need 
to comply with precautions set by local, state, and federal regulatory bodies. The 
pregnant team member should wear a radiation monitor under her waist shield, and 
the monitor should be read monthly. Use of maternity or double-thickness lead 
apron should be encouraged [30]. If possible, she should minimize her participation 
in procedures requiring radiation.

 Surgeon Safety and Occupational Health

Surgical culture encourages surgeons to sacrifice in service of their patients, includ-
ing rigorous training, long work hours, and a disregard of personal physical needs. 
Intraoperatively surgeons do not typically take breaks to eat or empty their bladders. 
Surgeons are willing to use operative techniques that require poor ergonomic posi-
tioning (and cause musculoskeletal discomfort) if they consider it to be in the 
patient’s best interest. In addition, many providers spend long hours in the elec-
tronic medical record on computer workstations that have not been ergonomically 
optimized. Unfortunately, over the course of a long career, long hours filled with 
repetitive work-related musculoskeletal injury can lead to chronic disability, leading 
them to shift case modalities/volumes or consider early retirement [34, 35]. Although 
interest is growing, few residency programs provide instruction in ergonomic prin-
ciples that can assist young surgeons in minimizing the negative physical impact of 
their occupational activities [36].

In a recent review, 68% of surgeons reported musculoskeletal pain, 61% noted 
their pain was exacerbated by operating, while less than a third sought medical 
attention for their symptoms. Rates of pain vary somewhat based on surgical sub-
specialty and surgical modality (e.g., open, lap, robotic, and endoscopic). 
Approximately 41–80% of urologists and 54%–87% of vaginal surgeons report 
work-related musculoskeletal pain. [35, 37, 38] Surgeons admit to modifying hours 
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spent operating, case mix, and operative technique in order to manage pain [35, 37]. 
In a study combining surgeons from all subspecialties, wearable technology was 
used to monitor intraoperative surgeon body position and found that 65% of opera-
tive time was spent in high-risk neck positions [39]. Not surprisingly, high-risk 
positions, loupes, and headlight were all associated with increased subjective pain 
ratings.

Although surgeons in general report high rates of work-related musculoskeletal 
disorders, there are concerns that female surgeons may be disproportionally affected. 
The American Urological Association 2017 census, which is less likely to suffer 
from response bias than ergonomic-specific surveys, found that female surgeons 
reported work-related pain more commonly than their male counterparts [35]. 
Differences were greater in younger surgeons under 45 years of age, where 65% of 
women had discomfort compared to 42% of men. On average, female surgeons are 
shorter and have smaller hands than their male counterparts. The da Vinci robotic 
console is not ergonomically optimized for surgeons shorter than 5′4″ [40]. Small 
hand size is correlated with difficulty firing staplers [41]. Medical devices are not 
currently designed to accommodate the range of hand sizes and grip strengths found 
in the current population of surgeons, especially as more women have entered the 
profession [42]. Lack of rigorous usability testing of instruments unfortunately 
leads to increased ergonomic stress and risk of injury in female surgeons. Many 
companies rely on outdated end-user anthropometric measurement ranges dating 
from an era when surgery was a male-dominated profession [43]. Surgeons should 
encourage companies to design devices and equipment that will accommodate a 
large range of hand sizes and strengths, as this can help ensure equitable access to a 
safe workplace for all. It is important to note that not all differences in pain rates can 
be attributed to height and hand size. Objective measures of more serious injury, 
such as the need for treatment, have been noted at higher rates in female surgeons 
even when controlling for glove size [44]. Similarly, even after controlling for case 
length and surgeon height, EMG measurements of muscle activation during laparo-
scopic surgery were higher among female than those among male surgeons [45]. 
Additional research is required to assess whether open vaginal or robotic surgery 
also requires more physical exertion from female surgeons to complete the same 
procedure.

Since most surgical interventions for incontinence are performed vaginally, we 
will focus on the particular challenges of operating on patients in the lithotomy 
position, although many of these principles can also be applied to open, laparo-
scopic, and robotic approaches. The main risk factors for musculoskeletal pain 
include awkward postures, high exertion activities, static positions, and long surger-
ies without breaks [46, 47]. The cramped working space inherent in the lithotomy 
position makes it almost impossible to maintain a neutral posture. Inappropriate 
table height can lead to excessive trunk and head flexion [48]. 67% of vaginal sur-
geries in one observational series caused neck, shoulder back, or hip pain [49]. This 
correlates with objective assessments of surgeon postures where high-risk shoulder, 
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trunk, and neck postures were identified during vaginal surgery [50]. Additionally, 
for surgeons in teaching institutions, the attending surgeon often stands beside the 
resident surgeon in the “assistant” position during vaginal surgery, resulting in pos-
tures with excessive lateral rotation and flexion of the trunk and prolonged upper 
extremity static strain from retracting [38].

 Strategies to Maximize Intraoperative Ergonomics 
and Prevent Injury

A multipronged approach to reduce occupational musculoskeletal injury in sur-
geons includes adjustments in the physical environment (bed and equipment 
arrangement), surgeon-specific strategies/activities, as well as prevention strategies 
outside the operating room.

 Strategies to Optimize the Physical Environment

Maintaining proper posture is paramount to optimal surgical ergonomics, and 
detailed resources are available for guidance [51, 52]. The table height should be 
adjusted to accommodate the tallest surgeon (patient at elbow height), and others 
should use steps or platforms if required [48]. The neck, shoulders, back, and hips 
should be aligned with minimal trunk rotation, weight evenly distributed without 
locking knees [53]. Limit axial neck rotation to <15° [51]. Vaginal surgeons should 
sit when possible and adjust table/stool in order to look straight ahead while work-
ing [48]. Adjust lights so that they do not require constant repositioning that often 
requires awkward postures, and tuck the patient’s arms when possible as to not 
inhibit surgeon/assistant freedom of movement [53]. Rotating assistants or using 
self-retaining retractors can decrease ergonomic stress on assistants [48]. Foot ped-
als should be placed directly in front of the working foot, which should remain in 
neutral alignment [52]. Monitors should be positioned 3–4 feet away with the center 
of the screen approximately 10–20° below the eye level [52]. Placing the top of the 
screen at the eye level is usually a reasonable approximation. Cushioned floor mats 
have been found to improve subjective measures of surgeon discomfort in some 
studies and are commercially available for surgical use [54]. A table-mounted vagi-
nal retractor in conjunction with a mounted camera has been proposed as a potential 
method to improve both visualization and ergonomics during vaginal surgery [55]. 
Chairs with chest and limb supports as well as exoskeleton suits are both innovative 
strategies that have shown promise in improving intraoperative surgeon pain and 
fatigue but are not widely disseminated to date [56, 57].
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 Surgeon-Specific Strategies to Improve Ergonomics 
and Decrease Pain

For surgeons accustomed to risky intraoperative postures, changing habits can be 
difficult. Postural resets are intermittent postural “check-ins” allowing opportunity 
for readjustment [53]. Wearing shoes with arch support and pressure support hose 
can be helpful during long cases, especially in surgeons with chronic lower extrem-
ity or back discomfort [48].

 Intraoperative Breaks/Stretches

Intraoperative microbreaks involve pausing the procedure at a noncritical juncture 
(every 20–40 min) and engaging in a short 90-s series of targeted stretches/exercise. 
These microbreaks are accomplished without breaking scrub and have been shown 
to decrease surgeon discomfort and improve mental focus without increasing opera-
tive time [58]. Surgeons engrossed in surgery are unlikely to remember to take their 
breaks, so Abdelall et al. operationalized them into an app with automatic reminders 
and effectively implemented this into the workflow of a small group of surgeons 
[59]. Information on accessing this resource can be found at ORstretch.mayo-
clinic.org.

 Prevention Strategies Beyond the Operating Room

 Workstation Optimization

Outside the operating room, surgeons spend a significant time at computer worksta-
tion, which can also contribute to musculoskeletal pain, as most desks are too high. 
Use an adjustable chair in which the lower back fits snugly against the chair or a 
pillow, feet on the floor (or a footrest), knees at 90°, and back slightly reclined. 
Elbows should be open at an angle of 90°–100°, and wrists should remain straight, 
not resting on the desk. Do not tilt the keyboard toward the user. The top of the 
monitor should be at or a little below the eye level, so the center of the computer 
screen is ~20° below the eye level—with the screen at least 20 inches away (about 
a full arm’s length). Bifocal wearers should drop the monitor another 1–2 inches. 
When doing computer work, reduce eye strain by taking a break every 20 min for 
20 s and focusing 20 feet away. Proper ergonomic positioning is almost impossible 
when using a laptop without a separate monitor and/or keyboard.
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 Exercise, Physical Therapy, Massage

A survey study suggests that exercise outside the OR appears to have a protective 
effect against work-related pain in urologists in a dose-dependent fashion [60]. 
Targeted exercises have been shown to improve work-related neck and shoulder 
pain in nonsurgeons, although prospective exercise interventions have not yet been 
reported in surgeons [61]. For surgeons with work-related musculoskeletal pain, 
physical therapy and/or regular massage can also be helpful to improve pain (thera-
peutic) and maintain flexibility (preventive).

 Ergonomic Education

Many studies assessing the increasing prevalence of work-related musculoskeletal 
pain in surgeons have also noted the lack of ergonomic instruction during surgical 
training or continuing medical education offerings. There is a growing consensus 
that surgical ergonomics instruction should be offered during residency, lest we fail 
to prepare the next generation to do their job safely [36].

 Maximizing Intraoperative Surgeon and Team Performance

Surgical outcomes are influenced by multiple aspects of surgeon performance, 
including psychomotor/technical performance as well as a diverse collection of 
other cognitive activities and interpersonal team exchanges that are often referred to 
as “nontechnical performance” [62, 63]. Nontechnical skills encompass communi-
cation, decision-making, situation awareness, teamwork, and leadership [64]. 
Communication requires receiving and conveying information in a way others can 
understand. Situational awareness is the surgeon’s perception of the team’s activity 
as well as ongoing awareness of physical cues from the surgical field. Decision-
making takes place when a surgeon is faced with a challenge and then chooses and
implements a course of action. Teamwork involves engaging in a collaborative 
effort with others toward a goal. Leadership skills include modeling positive behav-
iors coupled with the ability to engage and motivate others [65]. Although it is 
tempting to focus narrowly on surgeon technical error as the cause of complications, 
many patient safety events can be traced back to deficits in nontechnical perfor-
mance [66, 67]. As a result, individual performance improvement efforts must move 
beyond a narrow focus on improving just individual technical speed and accuracy 
and also address a broader range of skills.
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 Strategies to Optimize Individual Surgeon Performance

 Surgical Coaching or Didactic Training

Expert and peer surgical coaching using various modalities (in person, video, simu-
lation) has been found to subjectively improve performance [68]. Most coaching 
studies and QI projects have focused on technical performance, but some also 
address nontechnical skills [69]. One author noted that, although surgeons’ self- 
assessment of their technical performance is concordant with expert option, sur-
geons do a poor job of assessing the quality of their own nontechnical skills, 
suggesting a potential blind spot [70]. There are didactic and simulation programs, 
in addition to coaching options, that focus on the acquisition of these critical skills 
[65]. Some residency programs have developed comprehensive programs that 
address a wide range of these skills, including communication and professional-
ism [71].

 Encourage Psychological Safety

Surgeons should use their leadership role to improve team performance by nurtur-
ing a psychologically safe environment in the operating room. Historically, the 
operating room has not been an environment that rewards interpersonally risky 
behaviors such as speaking up with concerns or asking for help. However, psycho-
logical safety encourages learning and maximizes team performance [72]. Such an 
environment is particularly critical in a crisis situation where a high functioning 
team can prevent a surgeon error from spiraling into a full-blown adverse event.

 Mental Practice

Training in mental imagery/mental practice has been used for the past century as a 
way to improve athletic performance [73]. Mental practice has been shown to have 
a positive impact on surgical performance in trainees [74]. It can also be useful in 
experienced surgeons to delay skill decay and accelerate the learning curve when 
adopting a new technique or in preparation for complex or unfamiliar proce-
dures [75].

 Stress, Emotion, Conflict Management

Acute stress is unavoidable in the operating room, yet when poorly managed it puts 
the patient, surgeon, and team at risk. Lack of emotional management and disrup-
tive behavior can distress staff, disrupt team dynamics, increase tension, and 
decrease psychological safety [76, 77]. Chronic surgeon stress can lead to burnout 
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and attrition, which also negatively impacts patients and providers. Surgeon stress 
management intervention trials have included instruction in coping strategies, men-
tal rehearsal, and relaxation techniques [78]. Preoperative mental practice has also 
been shown to reduce stress in novice surgeons [79]. Mental toughness, a measure 
of individual resilience and confidence associated with excellence in athletic and 
military performance literature, has only recently been described in surgeons [80]. 
Techniques used by soldiers to improve/maintain mental toughness include visual-
ization, self-talk, affirmations, concentration skills, and breathing [81]. These help 
control the arousal associated with stressful situations and improve physical and 
psychological performance. Surgeons will also find that honing their skills in con-
flict management in the operating room can improve both individual and team per-
formance [82].

 Optimize Physiology

Optimizing surgeon physiology involves preventing hypoglycemia, dehydration, 
fatigue, and musculoskeletal pain.

The fast pace and unpredictable nature of surgery lends itself to poor fluid intake 
and missed meals. Blood glucose levels are associated with both reductions in cog-
nitive performance and increased irritability/anger [83, 84]. Induction of frustration 
in an experimental setting leads to more negative responses when subjects are fast-
ing [85]. Irritability and negative emotions impact nontechnical skills and influence 
a team’s willingness to work together [86]. This evidence from the nonsurgical lit-
erature suggests potential vulnerabilities in technical and nontechnical performance 
when surgeons are hypoglycemic. Dehydration depresses mood and cognitive func-
tion in on-call physicians and nurses although this relationship hasn’t been assessed 
in surgeons [87]. The nonsurgical literature demonstrates that sleep deprivation has 
the most profound impact on mood, then cognition, followed by psychomotor per-
formance [88]. Studies in surgeons have focused on psychomotor performance, and 
results are mixed but suggest a negative impact [89]. In contrast, the majority of 
surgeons and nurses feel their performance during the critical portion of the case is 
not affected by fatigue [90]. Even if technical performance is maintained, degrada-
tion of surgeon’s nontechnical performance can adversely affect the surgical team.

Surgeon’s musculoskeletal pain can impact performance in several ways. Pain 
can restrict range of motion, strength, and motor control, thus negatively influencing 
psychomotor/technical performance [91, 92]. Pain can decrease mental focus and 
adversely impact intraoperative decision-making and cognition [93]. Pain can also 
increase irritability toward others and negatively affect psychological safety and 
team dynamics [94, 95]. Poor nontechnical performance of surgeon can lead to a 
reduction in team communication and collaboration resulting in adverse events. It 
should be evident that the ergonomic strategies listed earlier are not only important 
for surgeon occupational health, but when they prevent or reduce work-related pain, 
this helps optimize surgeon/team performance and improve patient outcomes.
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 Strategies to Optimize Surgical Team Performance

 Team Training

Strategies to improve surgical team performance overlap to some degree with those 
already addressed for surgeons, especially regarding nontechnical skill acquisition, 
training, and practice. Didactic training is helpful but likely insufficient as so many 
of these skills require practice in order to become habit, particularly when teams are 
under stress. Team training and coaching using simulation can help build and rein-
force the use of these skills [96]. Team simulation is particularly effective to help 
members better understand the roles and responsibilities of others, and an after- 
action review provides opportunity to reflect and learn that is rare in the real world.

 Crisis Preparation

Some institutions have developed topical (e.g., surgical fire), equipment-specific 
(e.g., robotic undocking), or specialty-specific crisis management simulations (e.g., 
code during bypass) [97, 98]. Team simulation is particularly useful for crisis train-
ing situations that involve performing procedures or using equipment that is unfa-
miliar. Crises magnify the importance of nontechnical skills, as crises require a 
clear understanding of team member roles, enhanced situational awareness, and 
much higher levels of communication and coordination among team members. 
Such training can reduce stress and may improve performance in a surgical emer-
gency [99].

 Institutional Culture and Policies

Institutions’ culture and policies influence day-to-day activities within the operating 
room. Departmental/union policies affect the timing of intraoperative breaks for 
team members (ideally not allowed at critical points in the procedure), adherence to 
safety protocols, provision of regular staff education, and procedures for acquiring 
and safely rolling out new technology. Institutional resources are required to estab-
lish dedicated teams for complex procedures, increase team case familiarity, run 
crisis drills or simulations (OR fire, rapid robotic takedown, intraoperative code), 
coach/discipline individuals exhibiting disruptive behaviors, and streamline coordi-
nation with “invisible team members” (biomedical engineering/sterile supply/com-
pany reps/surgical scheduling) who profoundly impact routine OR functioning.

In summary, excellent patient outcomes are not just the product of a technically 
talented surgeon, but rely on a team functioning within a high-reliability organiza-
tion dedicated to patient safety and learning. This chapter provided a variety of 
practical strategies to maximize intraoperative patient and surgeon safety and opti-
mize surgeon and team performance.
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Chapter 27
Experimental Therapies and Research 
Needs for Urinary Incontinence in Women

Casey G. Kowalik and Rena D. Malik

Abbreviations

ADSC Adipose-derived stem cells
AMDCs Autologous muscle-derived cells
OAB Overactive bladder
P4HB Poly-4-hydroxybutryate
PGI Patient global impression
PRP Platelet-rich plasma
SUI Stress urinary incontinence
TTT Tunable-tension transobturator tape
UMB Urinary bladder matrix
UUI Urgency urinary incontinence

 Introduction

Currently available treatment options for urgency urinary incontinence (UUI) and 
stress urinary incontinence (SUI) have good outcomes with high patient satisfac-
tion; however, the search for innovative options or modifications to existing thera-
pies is ongoing with the goal of obtaining superior outcomes and fewer side effects. 
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As a chronic condition, urinary incontinence has a financial impact, which reaches 
multiple billions of dollars annually [1]. These costs include, but are not limited to, 
the material costs of incontinence products, loss of income due to missed work, 
health-care costs related to treatment, and indirect costs such as depression, sexual 
dysfunction, and poor self-esteem related to urinary incontinence. The current man-
agement options for UUI include behavioral modifications, medical therapy with 
anticholinergics or β3 agonists, onabotulinum toxin injection into the bladder, and 
tibial or sacral neuromodulation. A new highly selective β3 agonist was recently 
approved for use in the United States and has demonstrated clinically significant 
reductions in UUI episodes and few adverse effects in clinical trials [2]. 
Advancements in neuromodulation technology, including the development of 
implantable tibial nerve stimulators and MRI-compatible sacral nerve stimulators, 
may offer additional treatment options to be available to a wider population of 
women desiring office-based procedures or requiring the use of MRI for other 
health-care conditions. Gene therapy utilizing a plasmid vector is currently under 
investigation, and emerging research in the arena of the urinary microbiome shows 
promise for individualized treatment of UUI. Mesh slings for the treatment of SUI 
have been in use since the mid-1990s, and modifications to improve outcomes and 
decrease adverse events continue to be made. For example, nonpermanent materials 
or drug-eluting mesh has been studied in animal models. Adjustable slings and 
tunable- tension slings are currently under clinical investigation. Radiofrequency 
and CO2 laser therapy delivered via a transvaginal probe are commercially avail-
able, but data on improvements on SUI are still accumulating. Novel concepts 
including an intravesical device to reduce SUI by attenuating sudden increases in 
intra-abdominal pressures are also being explored in clinical studies. Researchers 
have been looking at regenerative therapy targeting the urethral sphincter with stem 
cells in animal models for several years, but recent clinical studies using autologous 
muscle-derived stem cells had promising results [3].

In this chapter, we review the latest medical therapy and technological advance-
ments for the treatment of UUI and SUI. We conclude by identifying current limita-
tions to research and proposing areas of the future study.

 Novel Medical Therapies for Urgency Urinary Incontinence

 Vibegron

Vibegron, a highly selective β3 agonist, is a recent addition to treatment options for 
UUI. Similar to its predecessor mirabegron, it attaches to the β3 adrenergic receptor 
and encourages relaxation of the bladder wall. Vibegron is unique in its >9000-fold 
selectivity for the β3 receptor over other β subtypes [4]. β3 selectivity may be attrib-
uted to vibegron’s structural configuration with a pyrrolidine ring and resultant 
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configuration of its arms for the activation of the β3 receptor [4]. Notably, the phar-
maceutical has a mean half-life of 25–38 hours allowing for daily dosing and does 
not inhibit the CYP2D6 enzyme reducing the risk of drug–drug interactions.

Vibegron’s efficacy was analyzed in a four-arm, double-blind, placebo-controlled 
randomized controlled trial in Japan [5]. Patients with the presence of overactive 
bladder (OAB) symptoms for at least 6 months were included in the trial and under-
went a placebo run-in phase for 2 weeks. Subsequently, they were randomized to 
one of four treatment groups: vibegron (50 mg or 100 mg once daily), placebo, or 
anticholinergic therapy with imidafenacin (0.1  mg twice daily) for a total of 
12 weeks. The primary outcome evaluated was a change in the mean number of 
micturitions per day from baseline to study end. In the 50-mg and 100-mg vibegron 
group, the change in least squares mean of daily micturition episodes from baseline 
was −2.08 and −2.03  in the 100-mg vibegron group, respectively, compared to 
−1.21 in the placebo group (p < 0.001). In regard to UUI, the 100-mg and 50-mg 
vibegron groups demonstrated a reduction in daily UUI episodes with a least squares 
mean change of −1.47 and −1.35, respectively. The study also identified significant 
improvements for both doses of vibegron in daily urgency, nocturia episodes, and 
scores on the validated King’s Health Questionnaire domains and satisfaction on the 
Patient Global Impression (PGI). Adverse events were low (5.6–7.6%) with most 
common including nasopharyngitis and cystitis. In the severe UUI subgroup (≥3 
episodes daily), significant improvements were noted in the reduction of UUI 
(−2.95 and −3.28 UUI episodes/day for 50-mg and 100-mg dose, respectively), 
voided volume, and PGI with both 50 mg and 100 mg. Improvements in urgency 
were only noted in the 100-mg dose group with increased diary dry rates significant 
only for the 50-mg dose (37.5% vs 17.9%, p = 0.020) [6].

In the international phase III trial, EMPOWUR, 1518 OAB patients, of which 
75% had UUI, were randomized to receive 75 mg vibegron daily, 4 mg tolterodine 
ER daily, or placebo with a coprimary endpoint of change in UUI episodes from 
baseline to 12 weeks. The vibegron group had a statistically significant decrease in 
daily UUI episodes at 12 weeks compared with placebo. Adverse events in the vibe-
gron group compared with placebo included headache (4.0% vs 2.4%), nasopharyn-
gitis (2.8% vs 1.7%), diarrhea (2.2% vs 1.1%), and nausea (2.2% vs 1.1%). 
Hypertension was not noted to be significantly higher than rates of placebo [2]. In 
extension trials up to 52 weeks, further reduction in UUI was noted with 61% of 
patients having a ≥75% reduction in UUI, and 41% were dry at week 52, as well as 
reporting sustained improvements in their quality of life [7, 8].

In a systematic review and pooled analysis of three randomized controlled trials, 
including a total of 2120 patients with OAB, it was again concluded that vibegron 
significantly reduced the number of UUI, urinary urgency, and increased volume 
voided per micturition, with improvements in quality of life over 12 weeks. In addi-
tion to nasopharyngitis and cystitis, dry mouth and constipation were also listed as 
adverse effects [9]. Vibegron (under the trade name of Gemtesa®) was approved by 
the US Food and Drug Administration in December 2020.
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 Gene Therapy

Gene therapy utilizing a plasmid vector is currently under investigation for the treat-
ment of UUI. Uro-902 is a plasmid vector expressing the big potassium channel 
alpha subunit, which is normally highly expressed on the bladder smooth muscle 
cells, and activation reduces smooth cell excitability and hence detrusor overactivity 
[10]. Phase I, double-blind, placebo-controlled, sequential active dose trials have 
been completed comparing intravesical instillation (ION-02) versus direct injection 
(ION-03) of the plasmid vector in females with urodynamic detrusor overactivity 
and symptoms of OAB. In the intravesical instillation arm, seven patients received 
the 5000 μg dose, six received the 10,000 μg dose, and five received placebo. In the 
direct injection arm, six patients received the 16,000 μg dose, three received the 
24,000 μg dose, and four received placebo. In terms of safety, in the ION-02 arm, 
one patient had a Mobitz type II second-degree AV block and one had fatigue, head-
ache, shaking chills, and insomnia. In the ION-03 arm, most OAB parameters and 
quality of life had significant improvements compared with placebo; however, UUI 
did not. UUI did improve from baseline significantly up to 24 weeks after treatment. 
There were no increases in postvoid residual compared with placebo in either group. 
While trials are still in early phases, data seem promising for a therapeutic option 
that has longer treatment duration without the risk of urinary retention.

 Technological Advancements in Neuromodulation

 Implantable Tibial Nerve Stimulation

Percutaneous tibial nerve stimulation is a treatment option for UUI; however, it 
requires weekly office visits for 12 weeks followed by maintenance visits every 
4–6 weeks. Due to the inconvenience of requiring several office visits, implantable 
devices are being explored (Table  27.1). BlueWind RENOVA™ (BlueWind 
Medical, Herzliya, Israel) is a cylindrical (3.4 mm in diameter, 25 mm in length) 
battery-less unit that is implanted in close proximity to the tibial nerve and used 
with an external stimulator shaped as a cuff that goes around the ankle (Fig. 27.1). 
It is suggested to use 30  min daily with available modifications for pulse width 
(50–800 μs), amplitude (0–9 mA), and frequency (5–40 Hz). Six-month follow-up 
of 34 patients implanted with the device revealed 71% achieving a >50% improve-
ment in UUI and a 27.8% dry rate [11, 12]. However, adverse events included 
implant site pain in 14%, suspected infection in 22%, and wound complications in 
8.3% of participants.

eCoin™ (Valencia, California, the USA) is the only fully-implanted tibial nerve 
stimulator with a leadless design and a primary battery with the size and shape of a 
US nickel (23.3 mm in diameter and 2.3 mm thick) (Fig. 27.2). It is implanted sub-
cutaneously above the fascia in the outpatient setting using local anesthesia. The 
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device delivers automatic stimulation for 30 min twice weekly from the center cath-
ode to the anode electrode at the outermost edge. It does not require constant stimu-
lation, recharging, remote use, or repeat office visits. The battery life averages 
3  years. It has been trialed in 46 patients with OAB, of which 73% of patients 
reduced their UUI by 50% or more, with 30% being dry at up to 36-week follow-up. 
Infection rate was low at 2.3% [13].

Initial data for both BlueWind RENOVA™ and eCoin™ seem promising with 
improvements in UUI similar to current third-line therapies. Recruitment is ongo-
ing, and long-term follow-up data are being collected [14, 15]. Other implants with 
limited data available currently include StimGuard® and Bioness [16, 17]. 
StimGuard® (now Protect PNS) is a wireless implantable tibial tined lead completed 
in the outpatient setting associated with a rechargeable external power source 
(Fig.  27.3). Initial data on seven implantations suggested improvement in UUI 

Fig. 27.1 BlueWind RENOVA™. (Printed with permission from BlueWind Medical)

Fig. 27.2 eCoin™. 
(Printed with permission 
from Valencia)
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within 6 months of implantation with UUI episodes decreasing from 3.05 to 1.24. 
Data on three patients at 12 months suggested further improvement to 0.66 UUI 
episodes per day [18]. Five minor adverse events were reported including lead tent-
ing, suture erosion, and loss of stimulation [19]. Currently, a prospective, random-
ized, controlled, multicenter study comparing wireless tibial neuromodulation 
(Chronic Afferent Nerve Stimulation [CAN-Stim]) to standard sacral neuromodula-
tion is actively recruiting with a goal of 150 participants with a primary endpoint of 
≥50% reduction in UUI episodes at 3 months [20].

Bioness StimRouter™ is an implanted lead design with an integrated receiver, an 
anchor, and three electrode contacts (Fig. 27.4). Wireless energy is delivered using 
an external pulse transmitter attached to an electrode patch to be worn externally. A 
patient programmer is used to change programs and monitor usage. The device is 
implanted in the outpatient setting under ultrasound guidance. Suggested treatments 
are 30-min sessions for 3–7 days per week. Recruitment is currently ongoing for a 
prospective, multicenter, randomized, double-blind, clinical trial of 180 patients 
comparing the StimRouter to sham treatment [21]. The external component of the 
tibial nerve systems is not MRI-compatible and must be removed prior to MRI, but 
the implanted lead can remain. Implantable tibial nerve devices offer the benefit of 
implantation in an office-based setting with local anesthesia using anatomic land-
marks without the need for fluoroscopy compared with currently available sacral 
neuromodulation stimulators.

 Sacral Neuromodulation

Constant current, rechargeable, and MRI-compatible neuromodulation systems 
have emerged as treatment options for UUI. The constant current technology auto-
matically adjusts current based on changes in impedance to deliver consistent levels 

Fig. 27.3 Protect 
PNS. (Printed with 
permission from Micron 
Medical)
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of stimulation. Initial data suggest that this may be beneficial particularly in the first 
6 months after implantation at which time impedance increases most significantly 
[22]. Rechargeable batteries offer a number of benefits including smaller size 
(Axonics 5.5 cm3 volume & InterStim Micro 2.8 cm3 volume) compared with stan-
dard implantable pulse generators (14 cm3 volume) and an extended lifetime of an 
estimated 15 years. It is anticipated that further modifications will continue to be 
made in current sacral neuromodulation systems to continue to optimize and stan-
dardize lead placement and allow ease of use for the patient.

 Targeted Therapy for Urgency Urinary Incontinence

 Microbiome

The role of the microbiome in maintaining bladder health is still being uncovered, 
and some researchers are evaluating the influence of the microbiome on urinary 
incontinence. In a comparison of catheterized urine samples from women with and 

Fig. 27.4 Bioness 
StimRouter™. (Printed 
with permission from 
Bioness)

C. G. Kowalik and R. D. Malik
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without UUI, there were notable differences in the microbiomes of each cohort sug-
gesting that the urinary microbiome is involved in the complex understanding of 
lower urinary tract symptoms [23]. Furthering the concept that the urinary microbi-
ome has a role in UUI and may help guide individualized treatment was a study by 
Thomas-White et al. This group examined the urine of women with UUI and found 
that those women with fewer bacteria and less diversity in their microbiota were 
more likely to have a clinical response to solifenacin medical therapy [24].

 Nonsurgical Options for Stress Urinary Incontinence

Pelvic floor muscle training through physical therapy and biofeedback has been 
shown in multiple studies not only to improve urinary incontinence, but also to help 
with prevention. Pulsed magnetic stimulation and electrical stimulation are two 
technologies aimed at improving pelvic floor muscle contractions. Whether these 
therapies will gain more widespread acceptance in the United States is likely depen-
dent on insurance coverage, because otherwise the treatments can be costly.

 Pulsed Magnetic Stimulation

Pulsed magnetic stimulation is a nonsurgical treatment with varying reported suc-
cess rates for the treatment of SUI. The proposed mechanism is that pelvic floor 
muscles are stimulated with resultant contraction by magnetic coils that generate 
electromagnetic fields. Treatment is generally twice weekly 20-min sessions done 
in office on a device that resembles a chair. Short-term (2-month) results in a 
blinded, sham-controlled study of 120 women who underwent twice weekly ses-
sions showed an improvement in subjective urinary incontinence symptoms [25].

 Electrical Stimulation

The advantage of electrical stimulation is that treatment can be done at home. A 
Cochrane review of electrical stimulation concluded that there is a benefit compared 
to placebo, but it was not possible to make adequate comparisons with traditional 
pelvic floor physical therapy [26]. External and intravaginal delivery of electrical 
stimulation has been compared in a randomized trial and shown that external deliv-
ery was noninferior to intravaginal electrical stimulation and there were fewer uri-
nary tract infections with external delivery [27].

27 Experimental Therapies and Research Needs for Urinary Incontinence in Women



506

 Slings for Stress Urinary Incontinence

Mid-urethral mesh slings for the treatment of SUI have long been the gold standard 
for surgical care due to their minimally invasive nature, fast convalescence, and high 
rates of efficacy. However, synthetic materials are known to generate foreign body 
reaction and have a risk of postoperative mesh complications. To minimize these 
complications and increase viscoelasticity, a search for alternative sling materials or 
nonpermanent materials has been ongoing. Types of biomaterials utilized include 
the following: (1) synthetic materials enhanced with platelet-rich plasma (PRP) or 
seeded with human fibroblasts, which may offer improved biocompatibility or 
decreased inflammatory cell reaction, and (2) extracellular matrix (ECM) alone, 
cell-seeded or enhanced, which offers the additional benefit of being biodegradable 
and activating host cell remodeling and collagen deposition. ECM-based materials 
include cadaveric human dermis, small intestinal submucosa, and urinary bladder 
matrix (UBM). Also, electrospun materials, technique whereby scaffold is devel-
oped by voltage-driven process of a polymer solution, have potentially improved 
tensile strength and closely mimic physiologic microarchitecture [28]. Enhanced or 
cell-seeded synthetic materials have been limited to evaluation in prolapse repair in 
animal models. In these models, implantation of PRP enhanced polypropylene 
mesh, and collagen-coated polypropylene mesh resulted in reduced inflammatory 
cell infiltrate and increased collagen production showing improved biocompatibility 
[29, 30].

Small studies have utilized ECMs for the repair of pelvic organ prolapse with 
encouraging results; however, due to heterogeneity in manufacturing, processing, 
materials, small sample sizes, and limitations in the clinical study design, the value 
of ECMs remains unclear [31]. There is limited contemporary evaluation of ECM 
for sling material in clinical trials. Currently, cell-seeded ECMs have been under 
further investigation. UBM and anti-Sca-1 and basic fibroblast growth factor have 
been cross-linked to recruit host stem cells and result in smooth muscle differentia-
tion. Preclinical studies indicate this unique combination resulted in a biocompati-
ble scaffold with potential for use in pelvic floor reconstruction [32].

Electrospinning is a process of using electric charge to randomly deposit poly-
mer nanoparticles in a random pattern to mimic human physiologic architecture and 
subsequently facilitate cell attachment and growth [33]. Rabbit models of electros-
pun polypropylene for SUI have shown increased tensile strength and reduced 
inflammatory response in comparison with conventional polypropylene mid- 
urethral sling materials [34]. In vitro studies of adipose-derived stem cells (ADSCs) 
impregnated with biodegradable materials including electrospun poly-lactic acid 
with trimethylene carbonate and poly(L-lactide)–trimethylene carbonate–glycolide 
have been evaluated and have found to result in increased tensile strength, ECM 
deposition, and angiogenesis [35, 36]. Additionally electrospun synthetic polyure-
thane with the inclusion of 17-β-estradiol have also been evaluated on human 
ADSCs and revealed angiogenic potential with suitable tensile strength and ECM 
production [37].

C. G. Kowalik and R. D. Malik
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 Nonpermanent Sling Materials

An implant using a single-layer monofilament utilizing biodegradable poly-4- 
hydroxybutyrate (P4HB), TephaFLEX™, is considered a possible alternative to 
permanent mesh materials currently utilized for SUI.  It is estimated that P4HB 
undergoes a gradual loss of strength after 3 months with full resorption between 18 
and 24 months. In rabbit models comparison of P4HB crochet weave, net weave, 
and permanent polypropylene mesh, implantation resulted in a similar histologic 
response with P4HB having higher tensile strength and lowest inflammatory reac-
tion [38]. The TephaFLEX™ sling is currently under investigation in a prospective 
24-month single-center observational trial of estimated 25 patients with SUI with a 
primary outcome of device safety and measurement of treatment-emergent adverse 
events [39].

 Drug-Eluting and Coated Mesh

Local delivery of drugs around the surgical site by mesh has been studied in pelvic 
organ prolapse. The use of a drug-eluting system that delivers antibiotics resulted in 
decreased short-term postoperative infection rates while maintaining structural 
integrity of the mesh [40]. While not specifically studied in mid-urethral slings, the 
concept is something that could be translated.

Steroid-coated mesh has been studied in animal models with the theory that the 
steroids will reduce local foreign body reaction. One study found decreased granu-
loma size, reduced number of inflammatory cells, and decreased collagen formation 
with the use of mesh coated with steroids [41].

 Adjustable Slings

Additional optimization of current mid-urethral slings with adjustable tension is 
also under investigation. The Altis® sling is a mini, adjustable sling with an inte-
grated tensioning system. Initial prospective industry-sponsored multicenter trials 
recruited 113 women, and 90% achieved a ≥50% reduction in pad weight with an 
81% dry rate (pad weight ≤4 gm). There were also significant improvements in 
symptom bother and quality of life questionnaires up to 24  months [42]. In an 
unsponsored, prospective, single-center trial, 110 women were recruited with 83% 
objective (negative cough stress test) and 88% subjective cure (ICIQ-SF = 0) rates. 
Complications included 7% with acute urinary retention, 8% with voiding dysfunc-
tion, and 7% with pain [43]. A prospective, observational cohort study comparing 
the Altis® sling to traditional transobturator and retropubic slings has recently com-
pleted accrual with 416 participants and results pending. Primary outcomes included 
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reduction in pad weight of ≥50% at 6-month follow-up and device- and/or 
procedure- related adverse events through 36 months. Adverse events were notable 
for a 3.5% mesh exposure rate similar to that of traditional mid-urethral slings [44]. 
Additionally, ongoing, prospective, postmarket, single-arm, multicenter studies are 
recruiting in Europe [45] (Clinicaltrials.gov Identifier: NCT02049840).

Tunable-tension transobturator tape (TTT), Urosling-T (Lintex, LLC), is a tran-
sobturator mid-urethral sling with the ability to modulate tension in the early post-
operative periods. A randomized controlled trial enrolling 388 participants to 
receive the TTT or standard transobturator mid-urethral sling is currently under 
investigation with a primary outcome of absence of urinary leakage during the 
International Continence Society–uniform cough stress test [46] (Clinicaltrials.gov 
Identifier: NCT03958695).

 Regenerative Treatments for Stress Urinary Incontinence

 Stem Cell Therapy

Research on the use of stem cells in the treatment of SUI has been ongoing, starting 
with animal models going back several years. More recently, human trials have been 
underway with the injection of cells into the urethral sphincter. The science behind 
the effectiveness of stem cells is not well defined, but proposed etiologies include 
the following: (1) incorporation of injected cells into host cells, (2) release of local 
factors from the stem cells which can help repair injured host cells, and (3) actual 
cell differentiation of the stem cells into other cell types. In the case of SUI, there 
may also be some bulking effects on the urethral sphincter that improves symp-
toms [47].

Multiple cell types have been looked at including skeletal muscle cells (myo-
blasts, progenitor cells), bone marrow stem cells, adipose-derived stem cells 
(ADSCs), and human umbilical cells, with the most promising being autologous 
muscle-derived cells (AMDCs) (Table 27.2) [3, 48–53]. In a pilot study, Carr et al. 
injected AMDCs, harvested from thigh muscle, into eight women with SUI and 
noted a sustained improvement in pad weight at 10 months [48]. Further dose find-
ing and safety trials have found that intrasphincteric injection of AMDC is safe, 
with biopsy site pain and bruising being reported in three of 38 women. There was 
also a statistically significant reduction in pad weight [3]. In phase I and II studies, 
no adverse events attributed to the cells were reported, and procedure-related com-
plications were minor (bruising/pain) [53]. An ongoing phase III randomized, 
placebo- controlled trial is recruiting women with SUI (ClinicalTrials.gov Identifier: 
NCT03104517).

C. G. Kowalik and R. D. Malik
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Adipose-derived stem cells (ADSCs) have also been shown to undergo cell dif-
ferentiation and have been injected into the urethral sphincter in five women [54]. 
Another research group has studied periurethral injection of human cord stem cells 
into 30 women with SUI. At 3 months postinjection, 80% reported improved sub-
jective outcomes, and of the 10 women with low preprocedure maximum urethral 
closure pressures (MUCP), there were significant increases [55]. No trials in humans 
have been done using bone marrow stem cells, to date, largely due to the inability to 
harvest large numbers of cells needed and pain associated with bone marrow biopsy.

Table 27.2 Clinical trials in women with stress urinary incontinence using mesenchymal 
stem cells

Mesenchymal 
stem cell type Study

Site of cell 
harvest Study design Clinical results

Autologous 
muscle-derived 
cells

Carr et al. 
[48]

Thigh Pilot, n = 8 Five completed study, one 
with cure and four with 
decreased pad weight at 
10 months

Carr et al. [3] Quadriceps 
femoris

Prospective cohort, 
n = 38

33 completed study

Mitterberger 
et al. [49]

Biceps Prospective cohort, 
n = 123

40% improvement in 
MUCP, 79% subjective 
cure rate

Gras et al. 
[50]

Vastus 
lateralis

Prospective cohort, 
n = 35

Subjective and objective 
cure in 14%, improvement 
in another 37%

Sebe et al. 
[51]

Deltoid Prospective cohort, 
n = 12

25% subjectively dry, 
58% improved on pad 
testing at 12 months

Blaganje 
et al. [52]

Biceps Prospective cohort, 
n = 38, electrical 
stimulation of cells 
postinjection

23% cured and 52% 
improved at 6 months

Peters et al. 
[53]

Quadriceps 
femoris

Pooled data from 
phase I/II trials, 
n = 80

Subjective improvements 
at 12 months, higher dose 
(200 × 106 AMDC-USR) 
had reduction in pad 
weight

Adipose-derived 
stem cells

Kuismanen 
et al. [54]

Abdominal 
wall

Prospective cohort, 
n = 5

Improvement in 
patient-reported 
outcomes, no difference 
in urodynamic parameters 
at 1 year

Human cord 
blood stem cells

Lee et al. 
[55]

Umbilical 
cord vein

Prospective cohort, 
n = 39

80% subjective 
improvement at 3 months, 
improved MUCP in 10/10 
women
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 Low-Intensity Extracorporeal Shockwave Therapy

Animal models have demonstrated that applying low-intensity extracorporeal 
shockwave therapy (LiSWT) to the lower pelvis activates myotube formation and 
enhances cell regeneration [56, 57]. The hypothesis is that LiSWT can mobilize 
stem cells to the site of injury and thereby decrease inflammation, increase pelvic 
floor blood supply, and enhance bladder stem cell activation, which may lead to 
decreased detrusor overactivity and improved function of urethral sphincter. In the-
ory, this technique could decrease both UUI and SUI symptoms in women. There is 
an ongoing randomized (experimental arm with LiSWT vs. sham treatment) clinical 
trial in Taiwan utilizing LiSWT for the treatment of urinary incontinence 
(ClinicalTrials.gov Identifier: NCT04059133). In recent years, this therapy has been 
used for the treatment of erectile dysfunction with variable success. If successful at 
improving clinical outcomes, LiSWT could become a novel, noninvasive, and 
widely available approach for female urinary incontinence treatment.

 Other Technological Advancements for Stress 
Urinary Incontinence

 Radiofrequency

Cryogen-cooling monopolar radiofrequency (CMRF) devices have been trialed for 
the treatment of SUI. Initially utilized to treat female sexual dysfunction and vaginal 
laxity, these devices work by using a vaginal probe that delivers simultaneous 
monopolar radiofrequency energy to the lamina propria and cryogen cooling to the 
superficial mucosal layer of the vaginal epithelium. This results in fibroblast activa-
tion and collagen production and increased pelvic floor support [58]. In a random-
ized unblinded trial at a single center of women with mild–moderate SUI (up to 
50-gm leakage on a 1-hour pad weight test), 35 patients were randomized to receive 
either one or two CMRF treatments delivered 6 weeks apart in an office-based set-
ting. The treatment consisted of 220 pulses of 90 J/cm2 with 25 pulses delivered to 
four quadrants at the vaginal introitus sparing the area directly underneath the ure-
thra. In both groups, 50–54% of women achieved ≥50% reduction in 1-hour pad 
weight test and 75% achieved cure, or ≤1-gm leakage, on 1-hour pad weight in the 
single CMRF treatment arm at 12 months. No adverse events to the procedure were 
noted with the exception of one patient having two urinary tract infections during 
the trial period [59]. While data in this small single-center study are promising, 
further large-scale randomized controlled trials are needed to confirm results. A 
randomized single-blind controlled trial comparing CMRF to cryogen-only treat-
ment and sham for patients with mild–moderate SUI has recently been completed 
pending publication of results [60].
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 Laser Therapies

Thermoablative fractional CO2 laser works by inducing collagen denaturation, 
remodeling, and neogenesis resulting in subsequent increase in elasticity of tissues. 
Its use transvaginally has been studied for the treatment of SUI in women with 
symptoms of the genitourinary syndrome of menopause (GSM) [61]. GSM is char-
acterized by thinning of the vaginal epithelium, loss of rugae, alterations in pH, and 
bacterial flora. In this investigation, 161 postmenopausal women, aged 45–65 years, 
received one 30- to 45-min laser treatment with the SmartXide2 V2LR fractional 
microablative CO2 laser system at the urethrovesical junction followed by yearly 
sessions as 12, 24, and 36 months. Patients demonstrated significant improvements 
in 1-hour pad weight tests and SUI based on the validated ICIQ-UI-SF, and histo-
logical changes confirmed thickened vaginal epithelium and improved organization 
of the lamina propria.

In a systematic review of both CO2 and erbium laser treatments for female SUI 
including 13 studies and 764 patients, significant improvements in ICIQ-SF and 
1-hour pad weight were noted at 6 months after a single treatment and out to 24 
months with repeated treatments. However, further high-quality investigations are 
needed to determine the laser type and duration of treatment for optimal results in 
women with SUI [62].

 Vesair® Intravesical Balloon

The Vesair® intravesical balloon is an intravesical polyurethane balloon that is free- 
floating at the bladder dome meant to attenuate intravesical pressure generated by 
abdominal pressure increases. This novel device is inflated with 30 mL of air, floats 
at the bladder dome, and absorbs the pressure generated during transient increases 
in intravesical pressure during stressful activities that typically result in SUI [63]. 
The device has completed phase III trials in the United States with 12-month fol-
low- up with promising safety and efficacy data. In the multicenter, randomized, 
sham-controlled trial, 221 women with SUI and >5 gm pad weight on provocative 
stress test were randomized to receive the device or a sham procedure. The device 
is inserted using a proprietary urethral access sheath using cystoscopic guidance 
and inflated with 30 mL of air and 0.7 mL of liquid perfluorocarbon. At 12 months, 
54.7% of treated patients with the balloon achieved the composite endpoint of >75% 
decrease in pad weight and a 10-point increase in the Incontinence Quality of Life 
Scale. However, less than half of the patients in the treatment arm remained in the 
study at 12 months with 84% of those exiting the study due to intolerability of the 
device or adverse events including irritation, suprapubic discomfort, urgency, or 
urinary tract infection. While the data are encouraging in the select patients who 
tolerated the therapy, further investigation in defining the optimal patient population 
and potential revisions to the balloon to reduce discomfort are needed.
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 Current Limitations to Research for Urinary Incontinence

Despite all the great advancements in urinary incontinence research, there are still 
some factors that currently limit widespread comparisons between studies. In the 
assessment of SUI, leak point pressure (LPP) has a defined threshold for defining 
intrinsic sphincter deficiency (<60 cmH2O), but the determination of LPP is not 
standardized between research groups making comparisons between studies diffi-
cult. Differences in the methods used to provoke SUI, between pressure recording 
sites (bladder or urethra), and/or the type of pressure transducer used are not uni-
form. The International Continence Society has published guidelines on the perfor-
mance of urodynamics, but also acknowledges that diverse techniques prevail [64].

The development of an animal model for urinary incontinence remains challeng-
ing. Most often this is done utilizing an acute insult, resulting in pelvic floor weak-
ness rather than a chronic process, which is how these conditions typically evolve 
in women.

While the economic burden of urinary incontinence is substantial, so are the 
costs associated with clinical research. Cost data were analyzed on new market 
therapeutic agents between 2009 and 2018 and their associated spending on research 
and development. The median investments to bring a drug to market was $985 mil-
lion [65]. Furthermore, decreases in NIH grant funding further compound the finan-
cial difficulties of conducting high-quality research needed to ensure safe delivery 
of new treatments to patients [66].

 Strategies for Future Research

Novel therapeutics aimed at preventive approaches to urinary incontinence would 
be a welcome addition to current paradigms that often focus on treatment rather 
than on prevention. The increasing availability of Internet access combined with 
familiarity using social media has allowed educational content about urinary incon-
tinence to reach broader audiences [67]. As a result, younger audiences can be tar-
geted with content aimed at prevention. Furthermore, the development of mobile 
applications and other Internet-based interventions is in progress, and these avenues 
can be used to distribute information and potentially recruit participants for 
research trials.

We know urinary incontinence can result from multiple etiologies, and individ-
ual subtyping of urinary incontinence may play a major role in the future as we 
understand more about the underlying causes. Personalized treatment of urinary 
incontinence based on etiology, anatomy, and genetic factors may result in improved 
patient outcomes. With more widespread availability of 3D printing technology, 
tailoring surgical technique to an individual patient’s anatomy may become a real-
ity. For example, device-manufacturing companies may be able to commercially 
produce mesh that is patient-specific for the degree of urethral hypermobility or 
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other variables, such as tensile strength. Paul et al. have combined stem cell and 3D 
printing technology to bioprint endometrial mesenchymal stromal cells from endo-
metrial lining onto a mesh for potential therapy of pelvic organ prolapse [68]. This 
concept of tissue engineering may also have a role in the use of mesh slings for SUI.

Further work in the identification of biomarkers important in UUI and SUI may 
help to guide individualized treatments for women based on the biochemical 
makeup of their urine. While this has been studied in the past without significant 
revelations, it may be worth additional investigation as an understanding of different 
OAB phenotypes emerges [69].

 Conclusion

While the current treatment options are effective, there is always a desire for 
improvements, and the evolving research in pharmacology, gene therapy, and neu-
romodulation for UUI and regenerative medicine for SUI is promising. For treat-
ments to advance, new technologies must undergo rigorous evaluation from 
preclinical studies to postmarket analyses. These evaluations should be standard-
ized and reproducible with quantifiable outcome measures in order to allow for 
multiple studies for confirmatory data. We hope there will continue to be an increase 
in new medical therapy and technology to improve the quality of lives of women 
suffering from urinary incontinence.
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A
Abdominal leak point pressure (ALPP), 70
Abobotulinum toxin A, 195
Acute stress, 488
Adipose-derived stem cells (ADSCs), 509
Adjustable continence (ACT’s), 357–358
Adjustable slings, 507–508
Adrenergic receptors, 148
AMS 800 model, 360, 362
Angiotensin-converting enzyme inhibitors, 467
Anorexia nervosa, 433
Anterior colporrhaphy, 86, 378
Anterior vaginal wall (AVW) prolapse, 372, 373
Anticholinergic agents, 393
Anticholinergics, 441
Anti-incontinence procedures, 85, 248, 249
Antimuscarinics, 148–151, 414, 471

comparative effectiveness, 152, 153
effectiveness, 148, 151, 152
ß3-agonist, efficacy compared to, 156, 157
transdermal use of, 153

Anus, 41, 42, 44, 49
Aquamid™, 246, 247
Arcus tendineus fascia pelvis (ATFP), 260
Arterial blood supply, 44
Arteries, 43
Artificial urinary sphincter (AUS), 358–362, 

399, 461
iIndications, 359
optimal timing, 359
outcomes, 359–360
pre-operative considerations, 360–361

Atonic bladder, 73–75
Augmentation cystoplasty for low bladder 

capacity/compliance in NLUTD, 459

Augmentation cystoplasty in non-neurogenic 
bladder patient

AC laparoscopic/robotic technique, 
215, 216

AC with/without catheterizable channel, 
211, 213, 214

decreased bladder capacity, 209
follow-up, 216, 217
interstitial cystitis/bladder pain 

syndrome, 208
overactive bladder, 207, 208
partial cystectomy, 208, 209
pregnancy after bladder augmentation, 217
surgical approach, 210

Auto-augmentation, see Detrusor myectomy
Autologous fascia pubovaginal sling, 295

anaerobic coverage, 298
cure/improvement rates, 305–307
de novo urge incontinence, 307
general/spinal anesthesia, 298
indications, 296
labial retraction, 299
outcomes and complications, 305–309
patient positioning, 299
physical examination, 298, 308
postoperative care, 305
post-operative voiding dysfunction, 308
postvoid residual, 298, 308
pre-operative evaluation, 298
surgical management of obstruction after 

fascial sling, 308
synthetic mid-urethral slings, 309
tensioning of the sling, 308
urine culture, 298
urodynamic studies, 298
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Autologous fascia use for transobturator 
slings, 312

Autologous fascial sling (AFS), 
309–310, 349–351

Autologous fat, 241
Autologous graft compared to allograft 

materials, 311–312
Autologous tissue retropubic slings, 87–89
Autotransplantation, 415
Axonics® sacral neuromodulation system, 186

B
Beers criteria, 159
Behavioral modification and 

urotherapy, 439–441
Behavioral therapy and lifestyle modifications

absorbent products, 108, 119, 120
alcohol consumption, 113, 114
alcohol reduction, 108
anticholinergic medications, 113
bladder training, 108, 115, 116
bowel management, 108
caffeine, 112
caffeine reduction, 108
dietary components, 110, 111
dietary modification, 108, 110
estrogen receptors, 110
exercise, 108, 117
fluid and caffeine management, 111–113
fluid intake, 111
fluid management, 108
management/regulation of bowel 

function, 116
obesity, 118
patient educational handout, 109
pelvic floor muscle exercises, 117
skin protection, 119, 120
skin protectants, 108
smoking cessation, 114
timed/prompted voiding, 108, 114, 115
tobacco cessation, 108
tobacco use, 113
vitamin C and calcium, 110
weight loss, 108, 118, 119

Benign prostatic hyperplasia (BPH) with 
lower urinary tract symptoms, 399

Bioness StimRouter™, 503, 504
Bladder compliance, 456
Bladder denervation, 97, 98
Bladder diaries, 438
Bladder injury rate from improper retropubic 

needle passage, 309

Bladder neck closure, 460
indications and methods, 223, 224
transabdominal approach, 226
transurethral approach, 226
transvaginal approach, 224, 225

Bladder neck dissection, 361–362
Bladder neck reconstruction, 460
Bladder neck suspension (BNS), 355
Bladder outflow obstruction (BOO), 

75–77, 344
Bladder outlet obstruction, 75, 319, 321–324
Bladder outlet obstructive index 

(BOOI), 343–344
Bladder pain syndrome (BPS), 208
Bladder training, 115, 116
BlueWind RENOVA™, 174, 500, 502
Body mass index (BMI), 431
Botox injection techniques, 196, 197
Botulinum toxin for overactive bladder, 194

complications and other 
considerations, 200

contraindications, 202
delivery techniques under investigation, 

197, 198
distant spread, 201
efficacy, 198, 199
immunogenicity, 200, 201
mechanism of action, 194
neurotoxins

Abobotulinum toxin A, 195
Dysport, 195
incobotulinum toxin A, 195, 196
Xeomin, 195, 196

techniques, 196, 197
Bowel management, 116–117, 440
Brink scale, 133
Bulbospongiosus muscles, 32
Bulkamid™, 238, 246, 247
Bulking agents, 351–352
Burch colposuspension, 91, 257, 258, 281, 

378, 446
complications and adverse events, 265, 269
mechanism of action, 258–260
surgical techniques

abdominal incision, 263
anatomy, 260
bladder drainage, 264
bladder neck and pectineal ligament, 

adequate exposure of, 262
outcomes, 264, 265
retroperitoneal space, access to, 261
suture placement, 262, 263

Burch procedure, 90
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C
Calcium hydroxylapatite, 244
Carbon-coated zirconium, 245
Cardinal (transverse cervical) ligaments, 31
Cervix, 36
Children with dysfunctional voiding, 444
Children with refractory dysfunctional 

elimination syndrome, 445
Chronic irritative symptoms, 324–325
Chronic ketamine, 209
Chronic lung disease (CLD), 11, 433
Coaptite™, 244
Coccygeal plexus, 46
Cognitive behavioral therapy, 440
Cognitive impairment, 158, 159
Colon segment, 210
Colposuspension techniques for salvage, 353
Combination therapy, 157
Complete female epispadias (CFE), 435
Compliance calculation, 78
Computed tomography urography (CTU), 411
Congenital causes of incontinence, 435
Constipation, 10
Contigen™, 241
Cooper’s ligament, 262
Cough leak point pressure (CLPP), 70
Cough stress test (CST), 53
Counterbracing, 137
Crisis preparation, 490
Cross-linked polydimethylsiloxane elastomer 

particles, 245, 246
Cryogen-cooling monopolar radiofrequency 

(CMRF) devices, 510
Cystic fibrosis (CF), 431
Cystometry, 68
Cystoscopy, 308, 347, 411
Cystourethropexy, 90, 91
Cystourethroscopy, 421

D
Darifenacin, 153, 158
De novo overactive bladder, 346, 347
Decreased bladder capacity, 209
Deep perineal pouch (DPP), 21, 33
Deep transverse perineal muscles, 32
DefluxTM, 242
Denervation injury to urethral sphincter 

mechanism, 276
Desmopressin, 393, 442
Detrusor leak point pressure (DLPP), 77
Detrusor myectomy, 99
Detrusor overactivity (DO), 57, 62, 72, 73, 458

Detrusor underactivity (DU), 62, 73–75
Device-guided injection, 238
Dextranomer with hyaluronic acid, 242
Diabetes mellitus (DM), 11
Diagnostic Aspects of Incontinence Study 

(DAISy), 12
Dietary and fluid modifications, 110
Disordered eating, 433
Diurnal incontinence, 434
Double anticholinergic therapy, 442
Double dye test, 411
Drug-eluting and coated mesh, 507
Dual therapy with desmopressin and 

oxybutynin, 443
Duloxetine, 348, 393
Durasphere™, 245, 352
Dye testing, 56
Dysport, 195

E
Eating Disorder Examination 

Questionnaire, 433
eCoinTM, 500, 502
Elderly women, urinary incontinence

age-related urodynamic changes, 466
behavioral modifications, 469
behavioral therapy, 470
catheterization, 469
comorbid conditions, 466
development of, 466
fluid management, 470
functional incontinence, 467
intra-detrusor onabotulinum toxin A 

injections, 471
medication treatment, 469, 470
morbidity associated, 465
PFMT, 470
prevalence, 465
PTNS, 471
reduced bladder contractility, 466
skin breakdown and dermatitis, 469
slow gastric emptying, 471
SNS, 472
toileting programs, 470
toileting therapy programs, 469
transdermal formulation of 

oxybutynin, 470
treatment options, 468

Electrical stimulation, 505
Electrospinning, 506
Electrospun synthetic polyurethane with the 

inclusion of 17-β-estradiol, 506
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End stage renal disease (ESRD), 209
Endoscopic management, 331
Endoscopic suprapubic cystotomy, 222
Epidemiology of lower urinary tract symptoms 

(EpiLUTS), 5
Ergonomics, 486, 487
Establishing the Prevalence of Incontinence 

(EPI) study, 7
Ethylene vinyl alcohol (EVA), 242
European Bladder Dysfunction study, 440, 441
Exercise, 487
Extended-SISTEr study, 307
External and intra-vaginal delivery of 

electrical stimulation, 505
Extravesical/transvesical approach, 413

F
Failed sling with recurrent SUI

conservative and medical therapy, 347–348
surgical decision making, 348
surgical management of recurrent 

SUI, 348–362
Fallopian tubes, 36
Fascia lata considerations, 303–305
Fascial pubovaginal sling, 276
Female external genitalia, 34, 35
Female pelvic floor disorders, social 

disparities in, 13, 14
Female pelvic organs

lower urinary tract organs
ureters, 41
urethra, 38, 40
urinary bladder, 37, 38

rectum and anus, 41, 42
reproductive organs

fallopian tubes, 36
ovaries, 37
uterus and cervix, 36

Female urinary incontinence, 20
lower urinary tract organs

ureters, 41
urethra, 38, 40
urinary bladder, 37, 38

lymphatics of female pelvis, 48
reproductive organs, 48, 49
urinary tract, 48

pelvic blood supply
arterial blood supply, 44
arteries, 43
internal iliac artery, 43
rectum and anus, 44

urethra, 44
vagina, 44

pelvic bones, 23, 24
pelvic foramina, 26, 27
pelvic ligaments, 24–26
pelvic plexuses and nerve supply of pelvis 

and perineum, 46, 47
pelvic side wall

muscles of, 27, 28
pelvic diaphragm, 29, 30
pelvic floor, 28

perineum, 32–35
rectum and anus, 41, 42
reproductive organs

fallopian tubes, 36
ovaries, 37
uterus and cervix, 36 (see also Urinary 

incontinence)
uterine supports, 30, 31
venous, 44, 45
voiding, physiology of, 22, 23

FemSoft, 131
Fesoterodine, 153, 158, 442, 470
First-stage lead placement (FSLP), 178, 

179, 183
Fistulas, 21, 410
Fluoroscopy, 181

anatomic diagnoses seen on, 78–80
Food and Drug Administration Public 

Health Notification in 2001 
and 2008, 295

Frailty, 468
Freeze and squeeze, 137
Functional obstruction, 73

G
Gene therapy, 498, 500
Genetic predisposition to prolapse, 373
Genitourinary syndrome of menopause 

(GSM), 511
Geriatrics, see Elderly women, urinary 

incontinence
Giggle incontinence, 443
Giggle micturition/enuresis risoria, 434, 435
Gittes needle suspension procedure, 95
Gittes procedure, 95
Glutaraldehyde cross-linked (GAX) collagen 

(Contigen™), 241
Goebell-Frangenheim-Stoeckel operation, 88
Greater sciatic notch, 26
Group Health Cooperative, 5
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H
Hammock effect, 259
Harvest of fascial lata, 303
Healthcare costs, 498
High-intensity athletic training, 432
Hovermatt®, 481
Hydrodissection of anterior vaginal wall, 300
Hypercontinence, 397
Hysterectomy, 25, 410

I
Ileal-bladder anastomosis, 216
Ileocystoplasty, 212
Ileum, 210
Imipramine, 393
Immunogenicity, 200, 201
Implantable pulse generator (IPG), 183
Implantable tibial nerve 

stimulation, 500–503
Implanted sacral neuromodulation, 445
Impressa, 131
Incobotulinum toxin A, 195, 196
Incontinence after gender affirming 

surgery, 398–401
Incontinence after orthotopic urinary 

diversion, 389, 390
Incontinence-associated dermatitis, 120
Incontinence Impact Questionnaire short form 

(IIQ-7), 53
Incontinence Quality of Life Scale, 511
Incontinence Symptom Index-Pediatric 

(ISI-Pediatric), 438
Incontinent adolescents

history, 437
neurologic work-up, 439
physical exam, 438
post-void residual, 438

Individualized programs creation, 137–139
Infection, 190
Ingelman-Sundberg pubococcygeal 

repair, 87, 88
Inguinal ligaments, 25
Institutional culture and policies, 490
Integral theory, 277
Internal iliac artery, 43
Internal pudendal artery, 43
International Children’s Continence Society, 

434, 440
International Consultation on Incontinence 

Questionnaire for Females with 
LUTS, 434

International Consultation on Incontinence 
Questionnaire Urinary 
Incontinence short form 
(ICIQ-SF), 53

International Continence Society-Uniform 
Cough Stress test, 508

International Physical Activity 
Questionnaire–Short Form 
(IPAQ-SF), 440

International Urogynecological Association 
(IUGA), 286, 287

Interstim® Medtronic device, 186
Interstitial cystitis (IC), 208
Intraoperative ergonomics, 485
Intraoperative radiation, 482–483
Intraoperative surgeon and team 

performance, 487–490
Intraurethral bulking agents, 460
Intravenous urography, 411
Intravesical botulinum A toxin injection, 445
Intravesical botulinum toxin, 394
Intravesical thermosensitive polymer 

hydrogel, 198
Intrinsic sphincter deficiency (ISD), 72, 235, 

296, 344
Irritative storage symptoms, 419
Ischioanal fossae, 35
Ischiocavernosus muscles, 33
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Kaiser Permanente Continence Associated 

Risks Epidemiologic Study (KP 
CARES), 5

Kelly plication, 86, 276
Kidneys–ureters–bladder (KUB), 439
King's Health Questionnaire 

[KHQ], 53, 499
Knack maneuver, 137

L
Lacunar ligaments, 25
Laparoscopic hysterectomy, 410
Laser therapies, 511
Lead migration, 189
Lesser sciatic notch, 26
Liposomal formulations, 198
Lithotomy, 479, 480
Low bladder pressures during filling, 456
Low intensity extracorporeal shockwave 

therapy (LiSWT), 510
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Lower urinary tract organs
ureters, 41
urethra, 38, 40
urinary bladder, 37, 38

Lower urinary tract symptoms (LUTS), 152, 
377, 430

Lower urinary tract, innervation of, 46, 47
Lowsley retractor, 222
Lymphatics of female pelvis, 48

reproductive organs, 48
urinary tract, 48

M
Macroplastique™, 238, 245, 246, 351
Male to female genitourinary gender 

affirming surgery (MtF 
GAS), 398–400

Marshall-Marchetti-Krantz cystourethropexy 
(MMK), 90

Masculinizing surgery, 400–401
Maximal urethral closure pressure 

(MUCP), 375
Medication pharmacology, 148
Mental toughness, 489
Mesh complications, 283–285
Metoidioplasty, 400
Michigan Incontinence Symptoms Index 

(M-ISI), 53
Microbiome, bladder health, 504
Micturition reflex, 453
Middle rectal artery, 43
Mid-stream interruption technique, 135
Mid-urethral mesh slings for the treatment of 

SUI, 506
Midurethral sling, 278–283, 395, 473
Mini Mental State Exam (MMSE), 

158, 471
Minimally invasive mid-urethral sling 

(MUS), 257–258
Minimally invasive sling procedures, 264
Mirabegron, 154, 155
Mixed urinary incontinence 

(MUI), 52, 240
Modified Martius labial fat pad flap 

(MMLFPF), 21
Modified oxford scale (MOS), 132–133
Mother’s Outcome after Delivery (MOAD) 

study, 8
Multichannel urodynamics (UDS), 57
Muscle-invasive bladder cancer, 387
Musculoelastic theory, 277
Musculoskeletal pain, 483, 486, 487

N
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Survey (NHANES), 5, 112
Native tissue plication, 86, 87
Needle suspension procedures, 91–97
Neobladder vaginal fistula, 390, 

394, 396–397
Nerve injuries, 478
Neurogenic lower urinary tract dysfunction 

(NLUTD), 62, 453, 459
Neurogenic urinary incontinence

biomarkers, 513
causes of, 454
chronic indwelling urethral catheters, 454
clean intermittent catheterization, 460
clinical presentations, 455–456
development of animal model, 512
development of mobile applications, 512
economic burden, 512
etiologies, 453–455, 512
internet-based interventions, 512
lesions above the brainstem, 454
limitations to research, 512
OAB phenotypes, 513
oral medication, 458
preventive approaches, 512
renal failure, 457
sacral neurologic insults, 454
subtyping of, 512
urethral erosion, 455
urine cytology, 458
urodynamic evaluation, 457
using mesenchymal stem cells, 509

Neuromodulation, 166
Nighttime incontinence, 390
Nocturnal enuresis (NE), 430
Non-invasive tests, 54, 56
Non-neurogenic bladder patient, augmentation 

cystoplasty in, see Augmentation 
cystoplasty in non-neurogenic 
bladder patient

Non-permanent sling materials, 507
Nonsurgical management VVF, 412
Nurses’ Health Study, 5, 112
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Obturator artery, 43
Obturator ligaments, 25
Obturator nerve, 27, 47
Occult SUI on reduction stress test, 380
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Onabotulinum Toxin A (BTXA), 
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Oral oxybutynin, 441
Oral pharmacotherapy, 148
Orthotopic neobladders, 387
Orthotopic urinary diversion

anticholinergic agents, 393
bowel segments, 388
detubularization, 388
evaluation of, 390
neobladder presenting with 

incontinence, 391
surgical approaches, 388
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Overactive bladder (OAB), 147, 149–151, 177, 

207, 208
botulinum toxin for, 194

Abobotulinum toxin A, 195
complications and other 
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contraindications, 202
delivery techniques under investigation, 

197, 198
distant spread, 201
Dysport, 195
efficacy, 198, 199
immunogenicity, 200, 201
incobotulinum toxin A, 195, 196
mechanism of action, 194
techniques, 196, 197
Xeomin, 195, 196
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Overactive Bladder Symptom Score (OABSS) 
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Oxybutynin chloride topical gel (OTG), 154
Oxybutynin immediate release (IR), 148
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Pelvic blood supply

arterial blood supply, 44
arteries, 43
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rectum and anus, 44
urethra, 44
vagina, 44

Pelvic bones, 23, 24
Pelvic diaphragm, 29, 30
Pelvic floor, 21, 28
Pelvic floor contraction, 132

assessment of, 132–134
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Pelvic floor disorders, 373
Pelvic floor muscle pain (PFMP), 11
Pelvic floor muscle therapy (PFMT), 127, 132, 
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Pelvic floor physical therapy (PFPT), 390
Pelvic floor reconstruction, 506
Pelvic floor therapy, 440
Pelvic foramina, 26, 27
Pelvic ligaments, 24–26
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procedures, 377

tissue repair, 381
types of, 372

Index



526

Pelvic Organ Prolapse Quantification 
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pelvic floor, 28

Pelvic surgery, 9
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Percutaneous nerve evaluation (PNE), 
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Percutaneous tibial nerve stimulation 

(PTNS), 13, 500
Perineal body, 33
Perineal membrane, 33
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Periurethral injection, 237
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mechanism of action, 165, 166
new technology in, 174
pathophysiology and treatment, 173, 174
percutaneous posterior tibial nerve 

stimulation, 169–171
side effects/complications, 172
techniques, 167–169
transcutaneous posterior tibial nerve 

stimulation, 171, 172
Posterior tibial TENS, 444
Posthysterectomy fistula, 409
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Postoperative care, 422–423
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Postoperative pain and neuropathy, 327, 328
Post-operative retention, 308
Post-operative voiding dysfunction, 307
Postvoid residual (PVR), 54
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Radical cystectomy (RC), 387
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Rectus fascia graft harvest, 299–300
Rectus fascia versus fascia lata, 310–311
Recurrent diverticula, 423
Reduction stress test, 379
Regenerative medicine for SUI, 513
Relaxation techniques, 489
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Retropubic slings using autologous 

tissue, 87–89
Retropubic urethrolysis, 323
Rhabdosphincter, 388
Risk stratification models, 381
Robot-assisted AMS 800 Bladder Neck 

Implantation, 361–362

S
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Sacrotuberous ligaments, 24
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Sequential compression devices (SCDs), 299
Sexual dysfunction, 332
Side-to-side anastomosis, 228
Simple cystometric test, 65
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Sling incision, 323
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Sling plication and manipulation, 355
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Sphincter urethrae, 33
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Spontaneous perforation, 216
Staff protection, 483
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Stem cell therapy, 358, 508–509
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associated, 467
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nonsurgical treatment, 472
post-neobladder reconstruction, 395
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surgical treatment, 473
UBA (see Urethral bulking agents (UBAs))
urethral bulking agent, 473
urodynamics, 71, 72
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(SWAN) study, 14

Subtotal abdominal hysterectomy, 410
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Symptom-directed therapy with 
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