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Preface

The prevalence of urinary incontinence increases with age. It has recognised social and psy-
chological impact on individuals as well as a financial implication to individuals and health-
care systems.

The book attempt to discuss the assessment of urinary incontinence, followed by surgical and
conservative treatment options in a concise way, within the framework of clinical practice.

We would like to acknowledge all the authors for their hard work in completing this book.
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Honorary Clinical Senior Lecturer at the University of Edinburgh, UK
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Chapter 1

Assessment of Urinary Incontinence (Ul) in Adult

Patients

Raheela M. Rizviand Mohammad Hammad Ather

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/66953

Abstract

The diagnosis and assessment of urinary incontinence (UI) are variable. In general, diag-
nosis is made in primary care using clinical evaluation (a good history and physical
examination), bladder diary and validated symptom scales. Condition-specific diagnosis
is made in secondary care, and it often involves interventional tools such as urodynamic
studies. The evidence available on the accuracy and acceptability of the assessment of Ul is
inconsistent and variable. A structured data collection tool was used for initial assessment
of UL Some key questions are required for initial assessment of Ul in order to diagnose
the type of Ul This chapter includes a gender-specific evaluation based on history and
clinical examination. Pelvic organ prolapse (POP) in female patients is associated with UI
and POP diagnosis, and staging is made by clinical examination only, while male patients
are examined for prostate obstructive urinary symptoms. Basic evaluation includes blad-
der diary in cases of overactive bladder and stress test, for stress urinary incontinence.
Other diagnostic tests include urine analysis, uroflowmetry and measurement of post-
void residual volume in cases of neurogenic bladder and benign prostate hypertrophy.
Patients referred to specialist require further assessment of UI using urodynamic testing,
electrophysiological test and imaging.

Keywords: assessment, adult, male, female, urinary incontinence

1. Introduction

Urinary incontinence (UI), the involuntary leakage of urine, often remains undetected and
undertreated [1]. Estimates of prevalence vary depending on the population studied and the
instruments used to assess severity. The prevalence of Ul increases with age. Women are gen-
erally reluctant to initiate discussions about their incontinence and urinary symptoms due to
embarrassment, lack of knowledge about treatment options and/or fear of surgery.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) X IR
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The objectives of initial assessment are to establish a presumptive or disease-specific diag-
nosis by excluding other conditions that mimic UL The treatment is offered according to the
level of bother and impact of Ul on patient’s quality of life (QoL). A detailed assessment is
required to initiate initial treatment or to plan complex testing, which may require specialist
referral. It also aids in the assessment of the level of improvement after any intervention from
information obtained from patient or care providers.

A critical step in the evaluation of urinary incontinence is the use of up-to-date terminology
to describe different types of Ul and their associated lower urinary tract symptoms (LUTS).
LUTS includes both storage and emptying symptoms in distinction to overactive bladder syn-
drome (OAB) that describes the subset of storage symptoms urgency, frequency and nocturia
with or without the symptoms of UL

The terminology defined below is adopted from a review available from the 5th International
Consultation on Incontinence [2]. The use of standardized terminology during the taking of
the history of the types of UI ensures uniformity in the assessment of symptoms that lead to
diagnose various types of UL

Male LUTS are a frequently encountered constellation of symptoms that consist of both stor-
age and emptying functions of the lower tract. The index male patient with LUTS is either an
elderly male with bothersome dysfunction of storage, voiding and/or the post-micturition
period that often consists of a combination of frequency, urgency, nocturia, as well as hesi-
tancy, weak stream and feeling of incomplete emptying. The other index male patient is a
young male with mostly storage symptoms and sometimes voiding as well.

2. Terminology

Stress urinary incontinence (SUI) is referred to as involuntary urinary loss of effort or physical
exertion, e.g. sporting activities or of sneezing or coughing.

Urgency urinary incontinence (UUI) is a condition referred to as involuntary loss of urine
associated with a desire to void.

Postural urinary incontinence is a condition of involuntary loss of urine associated with
change of body position, e.g. rising from a seated or lying position.

Mixed urinary incontinence (MUI) is the complaint of involuntary loss of urine associated
with urgency and also with exertion, effort, sneezing or coughing.

Incontinence associated with chronic retention of urine is defined as a complaint of involun-
tary loss of urine, which occurs in conditions where the bladder does not empty completely as
indicated by a significantly high residual urine volume and/or a non-painful bladder, which
remains palpable or percussable after the individual has passed urine. (Note: The International
Continence Society (ICS) no longer recommends the term overflow incontinence. A significant
residual urine volume denotes a minimum volume of 300 mL, although this figure has not
been well established).
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Nocturnal enuresis: Complaint of involuntary loss of urine that occurs during sleep.
Continuous (urinary) incontinence: Complaint of constant involuntary loss of urine.

Insensible (urinary) incontinence: Complaint of urinary incontinence where the individual is
unaware of how it occurred, the first sensation of which is a feeling of being wet.

Coital incontinence (for women only): Complaint of involuntary loss of urine with coitus.
This symptom can be further divided into that occurring with penetration or intromission
and that occurring at orgasm.

Functional incontinence: Complaint of involuntary loss of urine that results from an inability
to reach the toilet due to cognitive, functional or mobility impairments in the presence of an
intact lower urinary tract system.

Post-prostatectomy incontinence (PPI) generally is used for stress urinary incontinence fol-
lowing radical prostatectomy for prostate cancer. However, the term is also used for post-
transurethral prostatectomy for benign prostate hypertrophy (BPH). Although small degrees
of incidental incontinence may go virtually unnoticed, larger degrees of incontinence can
have a major impact on a man’s quality of life.

2.1. Bladder storage symptoms
Bladder storage symptoms are experienced during the bladder filling.

Increased daytime urinary frequency: Complaint that micturition occurs more frequently
during waking hours than previously deemed normal. Traditionally, seven episodes of mic-
turition during waking hours were considered as the upper limit of normal, although it may
be higher in some populations.

Nocturia: Complaint of interruption of sleep one or more times because of the need to void.
Each void is preceded and followed by sleep. (Note: The number of nocturia episodes and the
degree of bother based on number have been questioned and the threshold of 2-3 per night
has been suggested.) [3-5].

Urgency: Complaint of a sudden, compelling desire to pass urine, which is difficult to defer
(Note: The “all or none” nature of ‘urgency’ has been questioned.) [6].

Overactive bladder syndrome (OAB): Urinary urgency, usually accompanied by increased
urinary frequency and nocturia, with or without urgency urinary incontinence, in the absence
of urinary tract infection (UTI) or other obvious pathology.

2.2. Diagnostic evaluation
2.2.1. History and physical examination

The initial assessment includes a very good history and the use of validated questionnaire
to know the type of urinary incontinence and its impact on patient’s quality of life (QoL). A
detailed history enables to diagnose complicated cases of Ul-like UI associated with pelvic
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organ prolapse (POP), MUI, neurogenic bladder dysfunction and continuous Ul secondary to
diverticulum or fistula.

A good history should also identify patients who need rapid referral to an appropriate spe-
cialist. These include patients with associated pain, haematuria, history of recurrent urinary
tract infection (UTI), pelvic surgery (particularly pelvic organ prolapse surgery) and Ul asso-
ciated with known abnormality of the urinary tract. Women with obstetric history including
complicated labour followed by continuous Ul are suggestive of a fistula. A detailed gyn-
aecological history may help to understand the underlying cause, for example, polycystic
ovarian disease and associated insulin resistance leading to Ul among women of younger

age group [7].

The medical history should include history of smoking and chronic cough, chronic obstruc-
tive pulmonary disease (COPD), congestive heart failure and diabetes. A poor glycaemic con-
trol and medication for cardiac disease are associated with Ul

Use of questionnaires may facilitate disclosure of embarrassing symptoms, ensure that symp-
toms are not omitted and standardize information for audit and research. In the absence of
questionnaire use, Table 1 summarizes key questions for the initial assessment of urinary
incontinence.

The International Modular Questionnaire (ICIQ) was developed to meet the need of a univer-
sally acceptable standard guide for the selection of questionnaires to be used in clinical prac-
tice and research [8]. Urine output is greatly dependent upon the quantity and type of fluids
taken during the day. Patients’ record of volume and frequency of micturition provides an
excellent record for discrimination of the physiologic influences on the pattern and frequency
of micturition. This is called frequency volume charting. Use of additional information like

Do you leak urine?

If yes then do you feel the leak of urine?

If yes then does it occur with urgency and on the way to toilet? (Identify trigger factor such as key in latch.)
Do you wake up at night to void, if yes then how frequent?

If urinary leak is without sensation then questions related to neurological/cognitive deficits should be asked co-existing
diseases (diabetes, heart disease, neurological impairment should be ruled out).

Do you leak urine when you cough, sneeze, laugh and during physical exertion? (Identify circumstances, e.g. sexual
activity, posture change.)

Duration of the symptoms?
Frequency of leak accidents and the amount of leak.

Associated symptoms of pelvic organ prolapse (POP), fecal incontinence (FI) should be asked along with identification
of risk factors as complicated deliveries, pelvic surgery, and chronic constipation.

Impact on personal and social life?

Episodes of urinary tract infection or haematuria?

Table 1. Key questions in the" initial assesment of urinary incontinence.
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fluid intake, use of pads, activities during recording or symptom scores constitutes the blad-
der diary. It is recommended by European Association of Urology (EAU) guidelines that
micturition frequency volume charts (FVCs) or bladder diaries should be used to assess
male LUTS with a prominent storage component or nocturia. It is also recommended that
these records be performed for at least 3 days for validation. Each module provides ques-
tions related to core symptoms and impact on health-related quality of life (HRQL). ICIQ
provides evaluation of lower urinary tract symptoms (LUTS), urinary incontinence, vagi-
nal symptoms and bowel symptoms although more extensive information can be found on
www.iciq.net.

The International Prostate Symptom Score (IPSS) is an eight-item questionnaire, consisting
of seven symptom questions and one quality-of-life question [9]. The IPSS score is used to
categorize patients into four categories. This is helpful in deciding about treatment strat-
egy. The categorization is ‘asymptomatic’ (0 points), ‘mildly symptomatic’ (1-7 points),
‘moderately symptomatic’ (8-19 points) and ‘severely symptomatic’ (20-35 points). There
are many limitations to the use of IPSS, and these include lack of assessment of inconti-
nence, of post-micturition symptoms and of bother caused by each separate symptom.
Another limitation is that a basic minimum education level is required for filling the form.
An alternate to this is a use of Visual prostate symptom score (VPSS), which is visual coun-
terpart of the IPSS [10].

The International Consultation on Incontinence Questionnaire for Male LUTS (ICIQ-MLUTS)
was created from the ICS male questionnaire. It is a widely used and validated patient com-
pleted questionnaire [11]. It contains 13 items, with subscales for nocturia and OAB, and is
available in 17 languages [12]. The EAU guidelines recommend that a validated symptom
score questionnaire including QoL assessment should be used during the assessment of male
LUTS and for re-evaluation during and/or after treatment [12].

A clinical examination remains an essential part of the assessment of patients with UL It is
essential that all patient presented with Ul should be mentally competent and be capable of
independent toileting.

A careful abdominal examination should be performed for surgical scars, hernias, masses,
organomegaly and distended bladder after voiding. The presence of hernias may indicate inher-
ent connective tissue weakness, a possible contributor to incontinence. Masses may contribute
to stress incontinence and, occasionally, may cause obstructed voiding with resultant overflow
incontinence.

Pelvic examination should be performed as a routine gynaecological examination. It begins
with the inspection of the external genitalia and urethral meatus. Evidence of atrophy, such
as pallor and thinness of tissue, may indicate oestrogen deficiency. A red, fleshy lesion of the
posterior urethra, a caruncle, may be another indicator of urogenital hypoestrogenism. The
suburethral area should be inspected and palpated. A suburethral mass should raise suspi-
cion for a urethral diverticulum. Any pelvic floor defect should be documented using pel-
vic organ prolapse (POP) grading. For standardization and uniformity in staging the degree
of prolapse, it is recommended that pelvic organ prolapse quantification (POP-Q) method



8 Synopsis in the Management of Urinary Incontinence

should be used as shown in Figure 1 [13]. POP-Q involves measurement of both anterior and
posterior vaginal walls and cervical prolapse with reference to hymen and defines four stages
of POP as shown in Figure 2 [13].

Figure 1. Pelvic organ prolapse quantification.

Figure 2. POP-Q staging.

2.2.2. Stress test

A cough test should be performed with comfortably full bladder in standing position and it
may reveal SUL Price and Noblett recently compared the accuracy of the cough stress to the
pad test for diagnosing stress urinary incontinence [14]. The cough stress test demonstrated
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superiority over the pad test with a sensitivity, specificity and positive and negative predic-
tive values of 90, 80, 98 and 44%, respectively, for diagnosing stress urinary incontinence. A
negative test is less useful because a false negative may result from a small urine volume in
the bladder or from patient inhibition.

2.2.3. Q-tip test

This test is not routinely performed, and it was used to assess urethral hypermobility (also
referred to as bladder neck hypermobility), present in most women who have primary SUIL
Historically, the urethral cotton swab test (Q-tip test) was the most common test used to evalu-
ate urethral mobility; it has questionable test-retest and inter-observer reliability [15]. Studies
have demonstrated that almost all (over 90%) women with advanced point Aa prolapse will
have a positive cotton swab test [16]. The role of urethral hypermobility testing is currently
limited as it is unlikely to change management.

2.2.4. Examination of prostate

Men with BPH often present with paradoxical incontinence. Paradoxical incontinence or over-
flow incontinence is a condition, which clinically presents with UI, however, these patients are in
urinary retention. The assessment of these patients often starts with physical examination follow-
ing a careful history. The key to diagnosis is the presence of palpable bladder with prostomegaly.

Determination of prostate volume is important to give an idea about the presence of prostatic
enlargement and its presumed aetiology for obstruction. In men with symptoms suggestive
of BPH, an accurate estimation of the degree of prostate volume enlargement is important for
the choice of treatment, and for prediction of the treatment effect, the risk of acute urinary
retention and the need for surgery. Digital-rectal examination (DRE) is the simplest way to
assess prostate volume; however, its correlation with actual volume as determined by tran-
srectal ultrasound (TRUS) is rather poor. DRE underestimates the prostate volume particu-
larly with volume >30 mL [17]. A model of visual aids has been developed to help urologists
estimate prostate volume more accurately [18]. One study concluded that DRE was sufficient
to discriminate between prostate volumes more or less than 50 mL [19].

2.2.5. Pelvic assessment

Pelvic floor muscle contraction should be assessed by digital posterior vaginal wall examina-
tion, and any pelvic floor muscle dysfunction should be documented using the International
Continence Society (ICS) terminology [20].

2.2.6. Neurological examination

A detailed neurological examination is not necessary in the initial evaluation of all women
with incontinence unless patients present with sudden onset of incontinence (especially
urgency symptoms) or new onset of neurologic symptoms [21]. In patients where there is a
concern for neurological disease, a limited evaluation of lower extremity strength, reflexes
and perineal sensation is required. Unilateral weakness or hyper-reflexia of the lower extrem-

9
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ity may identify an upper motor lesion. Absent perineal sensation with decreased rectal tone
is concerning for cauda equina syndrome.

2.2.7. Pad testing

Pad test is not routinely performed, and it is part of research studies only. Measurement
of urine loss using an absorbent pad worn over a set period of time or during a protocol of
physical exercise can be used to quantify the presence and severity of Ul, and of response
to treatment. The usefulness of pad tests in quantifying severity and predicting outcome
of treatment is uncertain [22]. There is no evidence that one type of pad test is superior to
another.

2.2.8. Voiding diaries

Voiding diaries include information on incontinence episodes, pad usage, fluid intake, degree
of urgency and degree of Ul Several studies have compared patients’ preference for, and the
accuracy of, electronic and paper voiding diaries in voiding dysfunction [23-26]. A recent
guideline on urinary incontinence by European Association of Urology recommends that
patients with urinary incontinence should be asked to complete a voiding diary for 3-7 days to
evaluate co-existing storage and voiding dysfunction. It is recommended by EAU guidelines
that micturition frequency volume charts or bladder diaries should be used to assess male
LUTS with a prominent storage component or nocturia. It is also recommended that these
records be performed for at least 3 days for validation [27]. The ideal duration of a diary is not
clear; however, 5th ICI recommends 1-day frequency volume chart (FVC) which includes the
first morning void the following day as a reasonable tool to gain insight into voiding habits
during normal daily routine [2].

2.3. Laboratory tests

Only a few clinical tests are necessary for the initial evaluation of a woman with urinary
incontinence, as conservative treatment can be initiated based on the symptoms alone.

A urinalysis should be performed in all patients, and urine culture performed if a urinary tract
infection (UTI) is suggested on screening. Urinalysis (dipstick or sediment) must be included
in the primary evaluation of any patient presenting with LUTS to identify conditions, such
as urinary tract infections (UTI), non-visible haematuria and diabetes mellitus. Urinalysis is
recommended in most guidelines in the primary management of patients with LUTS [28, 29].
There is a limited evidence, yet general expert consensus that the benefits outweigh the costs
[30]. The value of urinary dipstick/microscopy for diagnosing UTI in men with LUTS without
acute frequency and dysuria has recently been questioned [31].

Urine cytology is indicated in patients without UTI who have visible or non-visible haema-
turia with risk factors for malignancy (e.g. extensive smoking history). Renal function tests
are not required unless there is a concern for severe urinary retention resulting in hydrone-
phrosis [32]. Other laboratory testing is determined by signs or symptoms elicited in history
and physical exam.
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2.3.1. Post-void residual

Female patients who present with storage-specific symptoms, with normal sensation and no
complaints of decreased bladder emptying, and no anatomical, neurological, organ-specific
or co-morbid risk factors for retention may not require the measurement of PVR urine. A
PVR should be performed when decreased bladder emptying is suspected in patients with
neurologic disease, recurrent urinary tract infections, history concerning for detrusor under
activity or bladder outlet obstruction (BOO), history of urinary retention, severe constipation,
pelvic organ prolapse beyond the hymen, new onset or recurrent incontinence after surgery
for incontinence, diabetes mellitus with peripheral neuropathy or medications that suppress
bladder contractility or increase sphincter tone [2].

PVR is assessed by transabdominal ultrasound, bladder scan or catheterization. Jalbani and
Ather [33] noted that the bladder scan estimate is as accurate as catheterization for determin-
ing the PVR urinary volume. Its accuracy was also comparable when the urinary volume is
<100 mL, and there was no significant effect of age, gender and body mass index. This system
could replace the more invasive catheterization with excellent accuracy. High PVR is either
due to obstruction (like benign prostatic obstruction, BPO, in ageing men) or poor detru-
sor contraction (frequently seen in diabetics). Higher PVRs are reliable marker for BPO. Two
landmark studies, i.e. medical therapy of prostate symptoms (MTOPSs) and alfuzosin long-
term efficacy and safety study (ALTESS) have assessed the impact of significant PVR and risk
of disease progression. Both the medical therapy of prostate symptoms (MTOPSs) and alfu-
zosin long-term efficacy and safety study (ALTESS) studies showed that high baseline PVR is
associated with increased risk of symptom progression [34, 35].

2.3.2. Role of Urodynamic

Urodynamic studies are defined as a functional study of lower urinary tract. It is an inva-
sive procedure and includes filling and voiding cystometry, pressure flow studies, urethral
sphincter electromyography (EMG), urethral function tests/urethral pressure profilometry
and videourodynamics (VUDS). These studies involve the use of a double- or triple-lumen
urethral catheter to fill the bladder and record bladder and urethral pressures (need triple-
lumen catheter). Detrusor pressures are not directly measured. It is a calculated value for
intra-bladder pressure (determined by bladder catheter) minus the intra-abdominal pressure
(determined by rectal catheter).

It is not required in the initial evaluation of urinary incontinence in women whose symptoms
are consistent with stress, urgency or mixed, incontinence [36]. A 2013 systematic review of 99
studies including over 80,000 women found that urodynamic testing can establish the diag-
nosis of urodynamic stress urinary incontinence but it cannot predict the outcome of surgical
treatment [37]. A detailed account of commonly performed urodynamic testing is given below:

2.3.2.1. Uroflowmetry

Uroflowmetry provides a non-invasive easy to perform test to assess the dynamics of urinary
flow. The amount of information provided by UFM, along with ultrasonic estimation of resid-
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ual urine in the bladder, usually is enough in the routine evaluation of elderly men with lower
urinary tract symptoms (LUTS). It is one of the most common performed urodynamic studies.
The common clinical parameters used to assess the flow dynamics include maximum flow
rate (Qmax) and flow pattern [38]. The diagnostic accuracy of uroflowmetry for detecting BPO
is variable and is substantially influenced by threshold values. A threshold Qmax of 10 mL/s
has a specificity of 70%, a PPV of 70% and a sensitivity of 47% for BOO. The specificity using
a threshold Qmax of 15 mL/s was 38%, the PPV 67% and the sensitivity 82% [39].The main
limitation of UFM is its inability to discriminate between poor detrusor function and bladder
outlet obstruction (BOO), for which pressure flow studies are necessary.

2.3.2.2. Filling and voiding cystometry

Table 2 summarizes the indications for urodynamic studies comprising of filling and voiding
cystometry.

Severe stress incontinence, previous pelvic radiation, previous anti-incontinence surgery
Overactive bladder not responding to conservative therapy

UI with voiding dysfunction

Voiding difficulty associated with UI and POP

Poorly definable or inconclusive history to support UI

Associated with diseases, which can affect the function of LUT/pelvic floor, e.g. diabetes mellitus, Parkinson’s disease,
cerebrovascular accident and prolapsed intervertebral disc

Table 2. Indications for urodynamic studies.

2.3.2.3. Ambulatory and videourodynamics

Ambulatory and videourodynamics are indicated only if the diagnosis is unclear after con-
ventional urodynamics [40].

2.3.3. MRI Pelvic floor ultrasound and EMG

Imaging improves our understanding of the anatomical and functional abnormalities that
may cause UL In clinical research, MRI and EMG are used to evaluate urethral support in
cases of SUI There is a general consensus that MRI provides good global pelvic floor assess-
ment, including POP, defecatory function and integrity of the pelvic floor support [32].
However, it is not considered useful in the evaluation of UI [33]. Ultrasound imaging can
reliably be used to measure bladder neck and urethral mobility in cases of SUI but it is not
routinely performed in the initial assessment of UL

3. Conclusions

Urinary incontinence is of various types, and its initial assessment requires detailed history
taking and clinical examination. Since the disease has major impact on patient’s quality of
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life hence the evaluation should lead to establish types of UI Very few patients need invasive
testing and usually urine analysis, culture, bladder diary, stress test are enough for initial
assessment. Patients with neurogenic bladder and overactive bladder syndrome need specific
testing for final diagnosis.
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Abstract

Midurethral slings have become the gold standard in the surgical treatment of stress
urinary incontinence (SUI). However, despite the high cure rates with these procedures,
nearly 20% of the patients are incontinent after surgery. On the other hand, in a small
percentage of women, voiding dysfunction may develop after surgery. Adjustable slings
have been advocated in patients who fail an anti-incontinence surgery or have intrin-
sic sphincter deficiency (ISD) or in order to prevent postoperative voiding dysfunction.
There are various options of adjustable slings according to the surgical route or the type
of mesh used.

Keywords: stress urinary incontinence, adjustable slings, midurethral slings, minisling,
mesh

1. Introduction

Stress urinary incontinence (SUI) is the involuntary loss of urine occurring with increases
in intra-abdominal pressure such as coughing and sneezing and is encountered in 4-35% of
women [1, 2]. First-line treatments for symptomatic SUI are behavioral treatment, pelvic floor
muscle exercises and continence pessaries [3]. For women who do not benefit from or are not
willing to undergo conservative treatment, surgery is recommended.

In the last 20 years, there has been an increasing search and demand for minimally invasive
approaches in SUI surgery. After the wide acceptance of the integral theory proposed by
Petros and Ulmsten [4] suggesting that the urethral closure occurred in the midurethra, instead
of suburethral slings supporting the bladder neck, midurethral slings have been developed.
In 1996, Ulmsten described the tension-free vaginal tape (TVT) operation [5]. Afterward, in
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order to prevent potential complications of TVT, Delorme described the transobturator tape
(TOT) operation in 2001 [6]. Due to their long-term efficacy, the most commonly used anti-
incontinence surgeries are midurethral sling surgeries (MUS). They are similar in efficacy to
conventional suburethral slings, Burch retropubic colposuspension and laparoscopic colpo-
suspension; are minimally invasive; have shorter operating time and have less postoperative
complications [3].

Midurethral slings have been classified into three generations [7]. First-generation MUS is
retropubic TVT and is accepted as the gold standard surgery for SUI Second-generation MUS
is the TOT, both outside in and inside out approaches. The advantage of this technique is the
avoidance of the retropubic space. Third-generation MUS are the single-incision slings, which
have a shorter mesh and only a single incision that is vaginal. The long-term success rates
of MUS vary between 77 and 90% [8]. Both objective and subjective success rates for single-
incision slings are lower when compared to standard MUS [9].

Despite high success rates of standard MUS operations, nearly 20% of patients undergoing
MUS suffer from persistent or recurrent symptoms after surgery [10, 11].Therefore, there is a
need for other options in patients who fail standard minisling, transobturator, or retropubic
sling operations. In addition, voiding dysfunction may develop in 2.8-38% after retropubic
sling and 0-15.6% after TOT operation and additional interventions such as intermittent cath-
eterization, sling excision and urethrolysis may be required [11].

Adjustable slings are reasonable alternatives in order to avoid or treat these two potential
complications [12]. The aims of adjustable sling operations are adjusting the tension of the
sling according to the severity of the patients’ condition or symptoms, either during surgery
or after surgery in order to prevent persistence of symptoms or development of postoperative
voiding dysfunction. In some cases, there is the possibility of adjusting sling tension anytime
during follow-up, even years after the primary operation. Various adjustable sling materials
are discussed below according to the route of application and their adjustment techniques.

2. Adjustable slings with retropubic approach

2.1. Remeex system

Regulation Mechanical External® (Remeex; Neomedic International, Terrassa, Spain) is a read-
justable sling and allows the regulation of sling tension not only in the postoperative period
but also at anytime during follow-up. Theoretically, it is based on the TVT operation. The
Remeex system contains 30 x 15 mm? type-1 macroporous polypropylene mesh, 2 polypro-
pylene sutures attached to this mesh, a varitensor and a manipulator attached to the varitensor
for the adjustment of the tension of the mesh (Figure 1). The waritensor and the manipulator
are made of biocompatible materials such as titanium and ultrahigh-molecular-weight poly-
ethylene (Chirulen®).

First, a 4 cm transverse skin incision is made 2 cm above the symphysis pubis dissecting
the subcutaneous fat and exposing the rectus fascia. A vertical vaginal incision is made at
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Figure 1. The Remeex system.

the level of the midurethra and dissection is continued until the pubic rami are reached.
Traction needles are passed from the vaginal incision retropubically through the rectus fas-
cia. After ensuring that the bladder is intact with cystoscopy, sutures are passed through the
varitensor and tied (Figure 2). Mesh is placed at the level of the midurethra. The varitensor is
placed over the rectus fascia and the skin and vaginal incisions are sutured. The day after sur-
gery, the bladder is filled with 300 ml saline through the Foley catheter. The Foley catheter is
removed and the patient is asked to stand up and cough. If there is any leakage, the manipu-
lator attached to the wvaritensor can be rotated and the tension on the mesh can be adjusted.
Afterward, the patient is asked to void; if the postvoid residual urine volume is less than
100 ml, the manipulator is withdrawn. If the residual urine volume is over 100 ml, the tension
is decreased by rotating the manipulator on the opposite direction. If the patient develops
recurrent urinary incontinence or voiding dysfunction anytime during follow-up, it is pos-
sible to incise the previous suprapubic incision under local anesthesia, find the varitensor,
which is located inside the subcutaneous tissue and adjust the tension of the mesh by using
the same technique.

Iglesias and Espuna first reported the usage of Remeex® system in 21 patients with recur-
rent urinary incontinence in 2003. They reported 90.5% success rate with mean follow-up of
12 months [13]. Mantovani et al. applied Remeex system in 32 patients with fixed urethra,
urethral hypermobility, intrinsic sphincter deficiency (ISD) and previous anti-incontinence sur-
gery with a follow-up of 3 years [14]. Thirty-one of the patients were cured and readjustment
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Figure 2. The Remeex system. Polypropylene sutures are passed through the varitensor and tied above the rectus fascia.
The manipulator is attached to the varitensor.

was performed in three. The device was removed due to infection in one case. Yoo et al. evalu-
ated the outcome of Remeex procedure in 17 patients in whom the success rate of tension-free
slings was low, such as patients with ISD [15]. Five (29.4%) had previous anti-incontinence sur-
gery and four (23.5%) had mixed urinary incontinence. Mean follow-up period was 13 months.
Fourteen patients (82.3%) were cured and three patients (17.6%) were improved. Araco et al.
applied Remeex system in 38 patients with ISD [16]. Immediate postoperative adjustment of
sling tension was necessary in three patients (7.9%), two for obstructive voiding and one for
incontinence. Late adjustment was necessary in three patients (7.9%), two for obstructive void-
ing and one for incontinence. The possibility of immediate and late adjustment of sling tension
resolved postoperative failures and maintained the success rate of the Remeex system in the
long term.

Moreno Sierra et al. retrospectively evaluated the outcome of Remeex system in 683 patients
with mixed urinary incontinence, ISD and recurrent SUI [17]. Mean follow-up period was
23 months. 73.1% of the patients had ISD and 35.7% of the patients had a previous history of
failed surgery for SUL In this group, 92.2% cure, 6.9% improvement and 0.9% failure were
observed. Errando et al., in their prospective study, evaluated the outcomes, complications
and quality of life of 125 patients with recurrent SUI and ISD who underwent Remeex system
[18]. After a mean follow-up of 38 months, objective and subjective cure was observed in 109
patients (87%). Sixteen patients (13%) remained incontinent, but nine (7%) were satisfied to
the point that they declined readjustment of the sling. The varitensor was removed in one case
because of infection.

Park et al. evaluated the efficacy of Remeex system in 102 patients with recurrent SUI after
failed anti-incontinence surgery or ISD [19]. After a mean follow-up of 27 months, 91 patients
(89.2%) were cured and six patients (5.9%) were improved. Forty percent of the patients
had complications: 15 (14.7%) presented with de novo urgency, which was managed with
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anticholinergics; 14 (13.7%) underwent delayed sling readjustment during follow-up; and six
(5.9%) developed wound infection with two of these undergoing removal of the Remeex sys-
tem. Although the complication rate was 40% in this study, 70% of these complications were
minor and 88% of grade 3 complications were postoperative sling tension readjustments.

Yasa et al. evaluated the efficacy and safety of Remeex system in the treatment of recurrent SUI
after MUS failure prospectively in 19 women [20]. Mean follow-up was 20 + 14 months. The
overall cure and improvement rates were 84.2 and 10.5%, respectively. Fifteen (79%) patients
were very satisfied and three (15.7%) were moderately satisfied. Sling tension readjustment
was needed during follow-up in one patient (5.3%), 13 months after the initial surgery. The
authors suggested that Remeex system was effective in the treatment of recurrent SUI after
MUS failure with acceptable rate of adverse effects.

Studies with long-term follow-up after Remeex procedure have been published as well.
Barrington et al. evaluated the effect of Remeex system in 20 women with previous anti-
incontinence surgery with a follow-up of 5 years [21]. Two systems had to be removed due
to chronic infection around the varitensor that failed to respond to antibiotics and aspiration/
drainage. However, the sling was left in situ and continence was maintained. No suture break-
age or urethral erosions were observed in any patients. Two women performed intermittent
self-catheterization. All the domains of the King’s Health Questionnaire were improved sig-
nificantly except for the general health domain at both 1 year and 5 years. There was also a
significant reduction in the number of pads used daily. At 1 year, nine women considered that
their incontinence had been cured by the Remeex procedure; 11 women felt their symptoms
had improved. By 5 years, nine women were still cured and only two women felt the system
had failed but declined any further tightening.

Giberti et al. evaluated the objective and subjective outcomes of the Remeex system for SUI
caused by ISD in 30 patients, retrospectively [22]. Mean follow-up was 60.6 months. 86.0%
of the patients were cured, 7.0% were improved and 7.0% had failed. There was a significant
decrease in the mean pad weight and significant improvement in quality of life. Sling ten-
sion readjustment was needed in two patients (7%). Persistent urinary retention developed in
10%, seroma formation occurred in 3% and de novo urgency developed in 7% and they were
treated with anticholinergics.

Main complications encountered with the Remeex system include wound infection and
seroma formation, voiding dysfunction including urinary retention and de novo urge incon-
tinence. Lorenzo-Gomez et al. evaluated the severe complications and failures of Remeex sys-
tem retrospectively in 60 women [23]. The procedure was successful in 68.3% of the cases.
Thirty-five percent of the patients required sling adjustment. There were three cases with
severe complications: refractory urinary incontinence in one patient, massive pelvic hemor-
rhage in a patient who was on anticoagulant treatment and infected vaginal calculi measuring
7 cm on an eroded Remeex suture 4 years after the implantation.

All of the studies support that the Remeex system is a useful adjuvant in the treatment of
recurrent or persistent SUI that has not been cured by conventional surgery. The cure rates
may decline slightly over time, but this deterioration is mild and readjustment can be easily

23



24 Synopsis in the Management of Urinary Incontinence

performed rather than repeating the entire sling procedure or another invasive procedure.
Although this system can be used in primary surgery due to the advantage of long-term
adjustability, in our opinion, it should not be used as a primary option except in cases with
low urethral closing pressure, where the reported cure rates of other methods are generally
lower. In addition, the procedure is more expensive than a standard TVT, but when compared
to repeat surgery, it becomes cost-effective. In our opinion, it is best to perform this operation
in patients with previous failed anti-incontinence procedure or ISD.

2.2. Transvaginal adjustable tape (TVA)

Transvaginal adjustable tape (TVA) (Agency for Medical Innovations, Im Letten 1, 6800
Feldkirch, Austria) insertion technique is similar to that of the TVT and suprapubic arc
(SPARC) sling procedures. The tape used is a macroporous, monofilament polypropylene non-
elastic mesh. Two groups of polypropylene sutures are attached to this mesh (Figure 3). The
first group of sutures consists of two strings of polypropylene on either side situated 1.5 cm
from the midline of the tape which are externalized through the vaginal wall. These sutures
serve to reduce the tension on the mesh when pulled downward. The second group of sutures
is formed of three strings of polypropylene in each arm of the tape situated at different dis-
tances from the midline. These are externalized from the suprapubic incisions through which
the mesh is taken out. These sutures serve to increase the tension on the mesh when pulled up.

Figure 3. TVA sling [24].

Adjustment is performed the day after surgery by filling the bladder with 250 ml saline
through the Foley catheter. The patient is asked to cough while standing or in the supine posi-
tion. After adjustment of the tape, uroflowmetry is performed. If the maximum flow rate is
below 10 ml/s or the postvoid residual urine volume is above 50 ml, the sutures on the vaginal
side are pulled down in order to reduce the tension.

Romero Maroto et al. evaluated 64 women who suffered from SUI and underwent TVA pro-
spectively [24]. Mean follow-up was 40 + 13 months. Objective and subjective cure rates were
94 and 56%, respectively. The tension was adjusted in 26 (40.6%) patients postoperatively;
in 16 (25%), the tension was increased and in 10 (15.6%), the tension was decreased. After
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adjustment, all patients were continent and none had postvoid residual urine. Urgency dis-
appeared or was ameliorated in 77% of cases suffering from overactive bladder symptoms
preoperatively and appeared de novo in four of the 27 cases (15%). No infection and vagi-
nal or urethral erosions were reported. There was significant improvement in quality of life.
TVA mesh was found as a good option for the postoperative adjustment of tension of the
mesh in patients who are incontinent after the procedure and better objective and subjective
results could be obtained than those achieved with the traditional nonadjustable mesh with-
out increasing complications. However, there are no other studies comparing TVA with other
adjustable or nonadjustable slings or tapes as far as we know.

3. Adjustable slings with retropubic and transobturator approach

3.1. Safyre

Safyre (Promedon, Cérdoba, Argentina) is also a type of adjustable sling used for treat-
ment of SUL Safyre consists of a central monofilament polypropylene mesh held between
two self-anchoring columns, which are made up of polydimethylsiloxane polymer (silicone)
(Figure 4). These columns are the basis of the adjustment system; these columns attach to the
surrounding tissue and are held by fibrotic encapsulation [25]. Safyre can be inserted via ret-
ropubic approach similar to TVT or transobturator approach similar to TOT. Safyre VS, Safyre
T and Safyre T Plus types can be inserted via vaginal-suprapubic, suprapubic-vaginal and
transobturator routes, respectively. Intraoperative and postoperative adjustments are pos-
sible with Safyre system, but adjustments should be done under local or general anesthesia
and an incision should be made in order to locate the silicone columns. The columns can be
easily palpated under local anesthesia. Unilateral adjustment is usually sufficient. During this
maneuver, scissors or a clamp should be inserted between the urethra and the mesh in order
to avoid excessive tensioning. During adjustment, cough stress test may be used. In order
to reduce the tension on the mesh, one of the arms should be held with a clamp and pulled
downward. Generally, it is advised to make the adjustment within 30 days after surgery,
before fibrosis occurs. However, theoretically fibrotic encapsulation of the polydimethylsilox-
ane columns allows easy adjustment even after this period.

Figure 4. Safyre sling set [26].

Palma et al. reported good results with Safyre both with suprapubic and transvaginal
approaches [26]. Forty-five women underwent Safyre sling operation with transvaginal
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approach in their preliminary prospective study [26]. Mean follow-up period was
10 months. Ninety percent of the women were continent, 3% improved and 7% were the
same. Postoperative urinary retention developed in three women (6.7%) who could not
void spontaneously within 4 weeks after surgery and needed sling readjustment. There
were four cases (9%) of vaginal wall infection, but no vaginal or urethral wall erosion.
Palma et al., in their prospective, multicenter, single-arm, unrandomized study evaluated
126 women with clinical and urodynamic SUI who underwent Safyre sling [27]. Sixty per-
cent of the patients had a history of failed sling procedure. Mean follow-up period was
18 months. Bladder perforation developed in 2% and de novo urgency symptoms devel-
oped in 21% of the patients. Urinary retention developed in four of the 126 patients (3%)
who could not void spontaneously 4 weeks after surgery and underwent sling tension
loosening. During follow-up, 116 women (92%) were continent, three (2%) improved and
seven (6%) were dissatisfied. Six patients (5%) presented with recurrent urinary inconti-
nence and underwent sling adjustment. Four patients were continent afterward and symp-
toms improved in two. Six patients (5%) presented with vaginal pain, discharge, bleeding,
dyspareunia and dysuria and were diagnosed with vaginal erosion and one had recurrent
urinary tract infection. Topical treatment and oral antibiotics failed and all patients under-
went transvaginal tissue debridement. The protruding part of the tape was removed in
four women and reconstruction with a vaginal flap was needed in two. None of the ero-
sions recurred. Using transobturator approach, the results were similar with a cure rate
of 90% with 6 months of follow-up [28]. The same group conducted a comparative study
of transobturator (n = 100) and retropubic (1 = 126) approaches using Safyre in 2005 in a
total of 226 patients [29]. The mean follow-up period was 18 months in the retropubic and
14 months in the transobturator group. The mean operative time was significantly longer
and bladder injury was significantly greater in the retropubic group (2.3% vs 0%). There
was no significant difference in the cure rate between the two groups (retropubic 92.1%
and transobturator 94%). The overall complication rate was 33.3 and 20% in the retropubic
and transobturator group, respectively. Postoperatively, 20.6% of the patients presented
with de novo urgency in the retropubic group as opposed to 10% in the transobturator
group. The authors concluded that Safyre performed by transobturator approach was as
effective as the retropubic approach with the additional advantages of fewer complications
and shorter operative time.

Silva-Filho et al. compared autologous pubovaginal sling with transobturator Safyre; 20
women suffering from SUI were randomly assigned to pubovaginal sling or Safyre [30]. Mean
operative time and duration of hospitalization were significantly longer in the pubovaginal
sling group. There were no intraoperative complications in either group. One (10%) patient
in the Safyre group developed urinary retention. The mean postoperative pad test was sig-
nificantly higher in the Safyre group and improvement in the quality of life parameters was
better in the pubovaginal sling group. The rate of persistent SUI was significantly higher in
the Safyre group (70% vs 10%). The authors ended their study prematurely due to significant
discrepancy in the success rates between the two groups.

The main concerns over Safyre are the potential higher risk of erosion and dislocations due to
the silicone columns. In various studies regarding urogynecologic surgery, the use of silicone
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has been found to carry a higher risk of erosions ranging from 19 to 71% [25, 31-33]. Kuschel
et al. evaluated the efficacy and safety of Safyre-t in 79 women, retrospectively [25]. The mean
follow-up period was 20 + 4 months. 59.5% of the women stated that they were subjectively
continent. Vaginal sling erosion and a pre-erosive state were found in 8.8 and 13.9% of the
patients, respectively. The lateral silicone column could be palpated in 47% of the patients
indicating dislocation. Six women complained of dyspareunia and one woman stated that
her partner had felt discomfort during sexual intercourse since her vaginal sling surgery. The
authors concluded that despite acceptable subjective continence rates, Safyre-t was associated
with a comparatively high rate of vaginal sling erosions and dislocations. The fibrous encapsu-
lation of the silicone columns offers the potential advantage of adjustability but also increases
the risk of dislocation. Dislocation may be related to sinus formation around the columns
[32]. Padilla-Fernandez et al., in their study comparing the efficacy of different types of TOT,
stated that in 4 of the 44 patients who underwent Safyre implantation, the silicone column was
detached from the mesh and patients had recurrent incontinence and required readjustment
[34]. However, this study is limited with low numbers of patients in each mesh group.

In conclusion, Safyre, despite its advantage of intraoperative and postoperative adjustment
and high subjective satisfaction rates, has shown high erosion, infection and dyspareunia rate
in some studies. Comparative studies with higher number of patients and long-term follow-
up are needed.

4. Adjustable slings with transobturator approach

4.1. Transobturator adjustable tape (TOA)

Transobturator adjustable tape (TOA) (Agency for Medical Innovations, Im Letten 1, 6800
Feldkirch, Austria) is a nonelastic tape made of macroporous polypropylene mesh. It contains
two groups of polypropylene sutures; one group has two sutures located at 1.5 cm from the
midline of the mesh laterally and is exteriorized through the anterior vaginal mucosa and
used to reduce sling tension. The other group consists of three sutures in each arm of the mesh
and these sutures are exteriorized through the groin incisions in order to increase the tension.
Technically, the procedure is the same as the outside-in TOT.

Adjustment is performed the day after surgery by filling the bladder with 250 ml saline
through the Foley catheter. The patient is asked to cough while standing or in the supine
position. After adjustment of the tape by pulling the groin sutures by 0.5 cm, uroflowmetry is
performed. If the maximum flow rate is below 10 ml/s or the postvoid residual urine volume
is above 50 ml, the sutures on the vaginal side are pulled down in order to reduce the tension.
When the adjustment is completed, the sutures are cut.

Lee et al., in their prospective multicenter study, evaluated the efficacy and safety of TOA in
65 women with SUI or combined SUI and voiding dysfunction [35]. Forty-six of the patients
suffered from severe SUI and 30 patients had both SUI and voiding dysfunction. Twenty-
seven of the 65 patients (41%) required tape readjustment. Fourteen patients (21%) underwent
loosening and 13 patients (20%) underwent sling tensioning. Six months after surgery, the

27



28

Synopsis in the Management of Urinary Incontinence

cure rate for patients with combined SUI and voiding dysfunction was 76.7% and the cure
rate for patients with severe SUI was 89.1%. There was a significant improvement in quality
of life. There were no intraoperative complications. One patient underwent sling excision
due to persistent voiding dysfunction and another patient underwent sling removal due to
infection.

Oh et al. evaluated 80 women who suffered from ISD and underwent either TOA (n = 80) or
TOT (n = 47) [36]. There was no difference between the two groups regarding the cure rates
(TOA group, 75.6%, vs TOT group, 72.3%). Four patients (12.1%) in the TOA group underwent
release of sling tension due to urinary obstruction, whereas sling tensioning was performed in
five patients (15.2%). TOA procedure allows postoperative readjustment of the sling tension
for a couple of days after surgery leading to good short-term results after surgery.

Patrelli et al. performed TOA procedure in 77 women with SUI and the cure rate and satis-
faction rate were 90.9 and 75.3%, respectively [37]. 46.8% of the patients were immediately
adjusted, whereas 14.3% of the patients had sling adjustment during hospitalization. The
authors stated that the TOA was a safe and effective procedure with high rate of patient
satisfaction.

5. Adjustable minislings

5.1. Altis

The Altis® (Coloplast) is an adjustable single-incision sling made of type-1 macroporous poly-
propylene mesh measuring 7.75 cm [38]. It has low elasticity (7.5%), which allows the mainte-
nance of integrity under tension and two anchors, one static and one bidirectional, that allow
intraoperative tension adjustment. The procedure can be performed under general, spinal, or
local anesthesia. A 1.5 cm incision is made on the vaginal mucosa at the level of the midure-
thra. Sharp and blunt dissection is carried through the periurethral tissue and the pubic rami
are reached bilaterally. The sling and the needle are advanced behind the ischiopubic rami
toward the obturator space bilaterally. The needle is then removed. After the fixation of the
anchors at the 2 and 10 o’clock positions, the bladder is filled with 250 ml of saline, intraopera-
tive cough stress test is performed and the tension adjustment suture is pulled, when neces-
sary. The adjustment thread is then cut short and the vaginal incision is closed.

Dias et al. evaluated the efficacy and complication rate of Altis® in 52 women suffering from
SUI [38]. Fifty women completed the 12-month follow-up period. The subjective and objective
cure rates were 84 and 90%, respectively. One case of vaginal extrusion developed requiring
surgical removal of the eroded mesh. Vaginal exposure of the adjustment thread developed in
three patients and was managed conservatively. De novo urgency developed in three patients
and mild dyspareunia developed in two patients. The Altis® sling was found as a safe and an
effective procedure for the treatment of SUI with a short-term follow-up.

Kogjancic et al. evaluated the efficacy and safety of Altis® in 113 women suffering from SUI
[39]. One hundred and one women completed the 12 months of follow-up. Ninety-one women
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(90.1%) achieved a 50% or greater reduction in pad weight and the stress test was negative
in 91 (90.1%) women at 12 months. There was a significant improvement in quality of life
and patient-reported outcomes. There were no reports of mesh erosion or migration through
12 months of follow-up.

Although these two studies have shown that Altis® is an efficient procedure with minimal
adverse effects, it should be noted that these two studies are limited with the short follow-up
period of 12 months and no randomized comparison of the procedure to other sling operations.

5.2. Ajust

Ajust™ (adjustable single-incision transobturator sling, C.R. Bard Inc., New Providence, NJ,
USA) is an adjustable single-incision sling with a 1.2 cm wide macroporous polypropylene
mesh. The Ajust differs from the other single-incision slings in that it has a pulley-like system
that allows adjustment following insertion. The Ajust™ system consists of a curved intro-
ducer with an anchor release lever, the sling implant, one fixed anchor, one adjustable anchor,
adjustment mesh, sling lock, adjusting tab and a flexible stylet (Figure 5).

Figure 5. Ajust™ system. The sling and the curved introducer [41].

A vertical vaginal incision is performed at the level of the midurethra. Bilateral paraurethral
tunnels are formed until the posterior margin of the inferior pubic rami without perforating
the obturator membrane. Curved introducers loaded with self-fixating anchors are used to
turn around the ischiopubic rami and fixate the anchors to obturator internus muscle and
obturator membrane. Following the insertion of both anchors, the sling is adjusted in its final
position by the sling lock and flexible stylet. The tension of the sling is adjusted so that the
mesh is positioned in direct contact with the urethra as opposed to other retropubic or tran-
sobturator slings. Then, the adjustment mesh is cut and the vaginal incision is sutured.

In a cadaveric study, the fixation site of the anchor of the Ajust™ was studied [40]. Correct
placement in the obturator membrane was achieved in 65.6% of cases. In 87.5% of cases, the
anchor was placed within the complex of the obturator membrane and obturator muscles.
There was more than 2 cm distance to the obturator bundle in all cases.

Meschia et al. evaluated the short-term outcomes of Ajust™ in 102 women with SUI [41]. No
intraoperative complications occurred, except for technical difficulty with the fixation of the
adjusting anchor on the left side of the patient. Insertion of a new Ajust tape or a TOT tape was
necessary in four and two subjects, respectively. One woman suffered from urinary retention
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and required sling excision 9 days after surgery. The subjective and objective cure rates were
85 and 91%, respectively. There was a significant improvement in quality of life.

Similarly, Liapis et al. reported a 90% objective success rate at 6 months in 42 cases under
epidural anesthesia [42]. Lucente et al., in their study, showed 91% subjective and objective
success rates at 8 months in 43 women who underwent Ajust under local anesthesia [43].

Abdel-Fattah et al. evaluated the results of the Ajust™ operation with a 1-year follow-up [44].
Ninety women were operated and all completed the follow-up. Last 45 women were operated
under local anesthesia. No complications occurred. Significantly, lower rates of blood loss and
voiding difficulties were observed in the local anesthesia group. Subjective cure rate was 80%
at the end of 1-year follow-up, with an additional 6% reporting improvement. In 13 women
(14%), the procedure failed; eight reported being the same/worse and five underwent repeat
surgery.

Naumann et al. compared the sexual function and quality of life following TVT and Ajust™
with a 6-month follow-up [45]. Seventy-five women underwent TVT and 75 women under-
went Ajust™. Eighty-four percent of women in the Ajust™ group were cured and 9.3% were
improved at the 6-month follow-up, whereas 88% of the women were cured and 6.7% were
improved in the TVT group. There was a significant improvement in sexual functions and
quality of life in both groups with no significant difference.

Grigoriadis et al. compared the efficacy and complication rate of Ajust™ and tension-free
vaginal tape-obturator (TVT-O) [46]. The mean follow-up period was 22 months. No major
intraoperative complications developed. For the TVT-O group, the objective cure rate was
86%, the improvement rate was 5.9% and the failure rate was 8.1%, while the subjective cure
rate was 82.6%. For the Ajust™ group, the objective cure rate was 84.7%, the improvement
rate was 4.7%, the failure rate was 10.6% and the subjective cure rate was 81.2%. Similarly,
Boyers et al. compared Ajust™ with TVT-O in a total of 137 women [47]. Sixty-nine women
underwent Ajust™ and 68 women underwent TVT-O. There were no significant differences
between the two groups regarding subjective cure rates and improvement in quality of life.
However, Ajust™ was found more cost-effective when compared to TVT-O.

Xin et al. randomized 368 women with SUI to Ajust™ or TVT-O [48]. There were no signifi-
cant differences in the subjective and objective cure rates (94.4% vs 90.7% and 97.2% vs 90.7%,
respectively) between Ajust™ and TVT-O. Compared with the TVT-O group, patients in the
Ajust™ group had significantly less postoperative pain, shorter operative time, less intraop-
erative blood loss and shorter recovery time. There was no significant difference in the peri-
operative complications between the two groups.

Natale et al. evaluated the long-term results of Ajust™ operation [49]. Ninety-two patients
completed the 2-year follow-up. The objective cure rate was 83.7% and the subjective cure
rate was 81.5%. There was a significant improvement in quality of life. De novo urgency
developed in nine women (9.8%). No intraoperative complications developed. Postoperative
complications were leg pain in one woman, mesh extrusions in three women and recurrent
urinary tract infections in one woman.
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The main advantages of Ajust™ are its minimally invasive nature and adjustability. In a meta-
analysis evaluating studies that compared single-incision slings with transobturator tape
operations, similar subjective and objective cure rates were obtained and intraoperative com-
plications were rare [50]. However, studies with long-term follow-up are needed.

6. Conclusion

Recurrent SUI and voiding dysfunction are the main problems encountered after midurethral
sling operation. Adjustable midurethral slings may be used in order to avoid these problems.
Some of the adjustable sling can only be adjusted during the procedure, whereas some could
be adjusted at any desired time. This could prevent the requirement of additional sling sur-
gery in patients with recurrent SUL

There are various options of adjustable slings according to the surgical route such as retro-
pubic or transobturator or single-incision slings or type of mesh used. Although there are
studies suggesting high objective and subjective cure rates with these slings, still prospective
randomized trials with long-term follow-up data are needed.
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Abstract

Complementary and alternative medicine has been widely used for various diseases and
gained acceptance throughout the industrialized world. Basically, complementary and
alternative medicine is grouped into five domains: biologically based therapies, mind-body
interventions, manipulative and body-based approaches, energy therapies and whole
medical systems. Each domain covers a number of therapies. In this chapter, we present
the evidence about effectiveness of each complementary and alternative medicine ther-
apy as well as the possible mechanism on the treatment of urinary incontinence. Besides
reviewing existed evidence, our research and clinical experience are also presented.

Keywords: urinary incontinence, complementary and alternative medicine,
acupuncture

1. Introduction

Urinary incontinence (UI) is common in adult population. It is estimated that about half
of women suffer from UI [1]. In men, Ul mainly occurs secondary to prostatectomy. The
reported prevalence of Ul following radical prostatectomy is as high as 50% [2]. In general, UI
is classified into stress urinary incontinence (SUI), urgency urinary incontinence (UUI), mixed
urinary incontinence (MUI) and overflow urinary incontinence (OUI). Although a number of
treatments are available for different types of Ul, some patients still cannot get benefit from
these therapeutic measures. Furthermore, adverse events related to the treatment bother both
patients and their doctors. For these reasons, plenty of patients resort to complementary and
alternative medicine (CAM) therapies. In this chapter, we present the evidence for the efficacy
of CAM on different types of Ul
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CAM refers to a series of medical and health care practices and products that are not consid-
ered to be part of conventional medicine [3]. The National Center for Complementary and
Alternative Medicine at the National Institutes of Health (NIH) has grouped CAM into five
domains: (1) biologically based therapies, such as dietary modifications and nutraceuticals;
(2) mind-body interventions, such as biofeedback and yoga; (3) manipulative and body-based
approaches, such as massage; (4) energy therapies, such as Qigong and Reiki; (5) whole medi-
cal systems, such as traditional Chinese medicine, acupuncture and naturopathy [4].

2. Biologically based therapies

2.1. Dietary modifications

It is reported that some food and beverages may aggravate Ul. Of those, caffeinated beverages
are considered to play an important role in inducing Ul due to their diuretic effect. A prospec-
tive cohort study of more than 65,000 women found that excessive caffeine intake (=450 mg/
day) was associated with an increased incidence of UI [5]. A case-control study demonstrated
that high caffeine intake (2400 mg/day) might cause detrusor overactivity which is related to
UUI based on urodynamic evaluation [6]. A recent cross-sectional study, US National Health
and Nutrition Examination Survey, further revealed that moderate caffeine intake (=204 mg/
day) was associated with Ul in female population [7]. Based on these finding, some studies
were designed to identify the efficacy of caffeine reduction on improvement of UI symptoms.
Tomlinson et al. found that Ul patients could get significant benefit from a caffeine reduction
education. In this study, 41 patients' daily caffeinated beverages consumption was reduced
from 829 + 385 to 489 + 312 ml in 4 weeks. As a result, their daily urinary leakage and Ul episode
were decreased from 42.21 +77.34 to 24.09 +40.93 and from 2.60 + 2.65 to 1.68 + 1.52, respectively
[8]. By contrast, outcomes from a prospective randomized trial showed that reduced caffeine
intake could only improve patients’ symptoms of frequency and urgency significantly, but had
no effect on reduction of urinary leakage [9]. A prospective cohort study further revealed that
caffeine reduction could not decrease the risk of UI progression over 2 years [10].

Besides caffeinated beverages, carbonated drinks are considered as another daily consumption
which may exacerbate the Ul symptoms. In a prospective cohort study, the lower urinary tract
symptoms (LUTS), diet and lifestyle from 7046 women were collected and analyzed. It con-
firmed that consumption of carbonated drinks was a significant risk factor for occurrence of SUI
[11]. Another study found that only excessive consumption of carbonated beverages was associ-
ated with the increased risk of UI [12]. Additionally, Thomas and his colleague found that some
other diets and beverages including spicy foods, citrus juices and tomato-based products could
trigger UI [13]. On the contrary, outcomes from a large prospective cohort study demonstrated
that citrus juice consumption decreased the risk of storage LUTS progression in men [14].

Whether fluid intake should be restricted in Ul patients is another issue. Swithinbank et
al. performed a randomized, prospective, crossover study to assess the effect of increasing
and decreasing fluid intake on symptoms in women with UUI or SUIL They found that fluid
intake restriction could decrease the episode of both UUI and SUI significantly [15]. Another
study, however, showed that increased fluid intake was not related to episode of UI; even
an increased urine volume was observed [8]. Hashim et al. further explored the relationship



Complementary and Alternative Medicine Treatment for Urinary Incontinence
http://dx.doi.org/10.5772/66705

between fluid intake restriction and LUTS in patients with overactive bladder (OAB). They
found that a 25% reduction in fluid intake could relieve OAB symptoms, but not UI [16].

Despite inconsistent evidence, a dietary modification to decrease intake of fluid, caffeine and car-
bonated drinks is recommended for all UI patients [17]. On the other hand, an individuated strat-
egy in dietary change should be taken into consideration for each patient. We advise patients to
eliminate all the foods and beverages which may worsen Ul from their diet for at least 1 week.
Then the comestibles will be added one by one to identify the sensitive foods and beverages.
After that, an individuated dietary modification strategy can be established and practiced. The
reported foods and beverages with potential negative effect for Ul patients are listed in Table 1.

Category Specific items

Beverages Coffee (caffeinated and decaffeinated)
Tea (caffeinated)

Carbonated beverages(cola, non-cola, diet, and
caffeine-free)

Alcoholic drinks (liquor, beer, wine and champagne)
Fruits and vegetables Citrus juice
Tomato and tomato products

Other foods Spicy foods

Table 1. Foods and beverages affecting UL

3. Mind-body interventions

3.1. Pelvic floor muscle training

Pelvic floor muscle training (PFMT) is a common regimen for patients with UL On one hand,
it can improve SUI by increasing pelvic floor muscle tone. On the other hand, contraction of
pelvic floor muscle induced by PFMT inhibits detrusor overactivity, which can reduce the
episode of UUL In a randomized, controlled trial, 130 female patients with SUI or MUI were
allocated into PEMT or control group. After 12 weeks treatment, the average leakage assessed
by 1-h pad test dropped from 5.1 to 1.5 g significantly in PEMT group, whereas the counter-
part increased from 4.6 to 5.1 g in control group. Additionally, pelvic floor muscle strength
was increased markedly in PEMT group, while not in control group [18]. A systematic review
published in Cochrane collaboration has further confirmed the efficacy of PEMT for SUI, UUI
and MUI [19]. That review also revealed that the effect of PFMT on MUI is lower than the one
on pure SUL In terms of PFMT procedure, patients normally are asked to squeeze the muscles
which they use to stop the urine flow. Once they can identify the right muscles, they need to
hold the contraction for 5 s and then relax for 5 s. To obtain substantial benefit, PEMT program
should comprise at least eight pelvic floor muscle contractions performed three times per day.
With regard to the duration, PFMT is recommended to be performed for at least 8-12 weeks.
Unfortunately, the majority of patients with UI fail to practice a long-term PFMT. In a follow-
up study, Beyar and his colleague found that the rate of 5-year adherence to PFMT in women
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with SUI was only 41.6% [20]. Another early study showed that only 28% of patients adhered
to practice PFMT during the 15-year follow-up period [21].

3.2. Bladder training

Bladder training is a self-control technique suppressing urge to urinate, which can reduce the
episode of UUIL The common technique of bladder training is timed voiding. To practice timed
voiding, patients need to complete a 3-day bladder diary first. Based on the diary, the interval
between two micturations is easy to determine. Then a voiding schedule can be drawn up by
adding about 15 min to the voiding interval. Patients are asked to comply with the voiding
schedule, no matter whether they actually feel the urge to void. Once patients are accustomed
to the current schedule, the amount of time between micturations will be increased gradually,
until they can last for 3 h without having to go to the bathroom. Traditionally, bladder train-
ing is used for treatment of UUIL Some studies found that bladder training was also effective
for SUI and MUI. A systematic review has demonstrated the efficacy of bladder training on
UUI, SUI and MUI [22]. A randomized controlled trial compared the effects of bladder train-
ing and PFMT on SUI in elderly women. The result showed that bladder training is less effec-
tive than PEMT in management of SUI [23]. It is noteworthy that bladder training needs to be
performed at least 6 weeks in order to achieve a satisfactory benefit. In addition, patients may
experience a significant discomfort during bladder training. To ensure patients can accept the
therapy, they should be sufficiently educated prior to bladder training.

3.3. Biofeedback

Biofeedback, as a technique enhancing the effect of PFMT, typically uses a device to record the
biological signals when patients contract their pelvic floor muscle voluntarily and present the
information to patients, which can help patients to perform the right PEMT. A systematic review
showed that biofeedback could provide benefit in addition to PFMT for women with SUI, UUI
and MUI [24]. However, a later randomized, controlled study revealed that biofeedback had
no add-on effect in women with SUI compared to PEMT alone [25]. A study showed that 55%
of patients with UUI achieved an improvement of more than 50%. That study also found that
patients with severe detrusor overactivity had poor response to biofeedback [26]. According
to our experience, biofeedback is more effective for women with pure SUI than counterparts
with UUI or MUL Besides SUI, UUI and MUI, we also find that biofeedback may be helpful for
patients with OU]I, although they normally need catheterization or other invasive treatment.
The possible reason might result from the urethral muscle relaxation induced by biofeedback.

3.4. Yoga

Yoga, a series of exercises originated in ancient India, can regulate the physical and mental
function spontaneously. It is reported that yoga can modulate pelvic floor muscle tone, which
contributes to LUTS relief [27]. A study showed that yoga could improve the symptoms of UUI
and enhance the quality of life [28]. In a randomized, controlled trial, 19 women with SUI, UUI
or MUI were allocated to yoga therapy or control group. After 6-week therapy, women in yoga
therapy group presented a more significant decrease in daily episode of Ul than counterparts
in control group (1.8 vs. 0.3) [29]. In terms of specific yoga postures, frog pose, fish pose, locust
pose, plank pose, sitting forward bend and seated twist may be beneficial for UI [27].
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4. Manipulative and body-based approaches

4.1. Massage

Massage refers to a series of actions on the body with appropriate pressure to make muscle
relaxed. Kassolik et al. tried to treat a 50-year-old woman with SUI using massage. Following
4 weeks treatment, the patient reported a 100% improvement on her SUI [30]. Although only
limited evidence is available, we find that massage is effective for SUI, UUI and MUI. Based
on our clinical experience, the majority of patients can get benefits from six to eight sessions
of massage focusing on the pelvic floor muscles. The possible mechanism includes the relax-
ation of pelvic floor muscle induced by massage and regulation effect of massage on central
nervous system [31].

5. Energy therapies

It has been widely accepted that energy therapies are helpful for people to maintain their
health. A retrospective study reviewed the effect of extracorporeal magnetic energy stimu-
lation on symptoms in women with SUI and OAB. In that study, 72 patients completed a
9-week therapy of magnetic energy stimulation. After treatment, the majority of patients
achieved a significant improvement in their symptoms [32]. Qigong, as an important compo-
nent of energy therapies, has been used to treat many chronic diseases. However, there have
not been substantial evidence for its effectiveness on Ul Despite the lack of evidence, we find
that Qigong can improve the symptoms in some patients with SUI, UUI or MUI according to
our clinical experience. However, the efficacy of Qigong usually varies and depends on an
individual’s confidence for this energy therapy.

6. Whole medical systems

6.1. Acupuncture

Acupuncture, as an effective therapy, has gained acceptance in urologists over the past
decades [33]. A number of studies have shown its efficacy on different types of UL In order to
present the evidence in a clear way, we discuss the effect of acupuncture on SUI, UUI, MUI
and OUJ, respectively.

6.1.1. SUI

Although many studies have reported the efficacy of acupuncture on SUI, most of them
are retrospective and only with a small sample size, which causes the results controversial.
Moreover, lack of appropriate control is a main issue in clinical trial of acupuncture. To
overcome these limitation, we designed several single-blind, randomized, controlled trails.
More importantly, we created a new pragmatic placebo needle, which has been confirmed to
be able to achieve blindness for patients in clinical trials. In terms of the specific procedure,
a small pad is adhered to patients' skin of each acupoint before performing acupuncture. A
blunt needle is used to pierce the pad without penetrating the skin in control group, while
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a normal needle penetrates the skin through the pad [34]. In phase I clinical trial, a total
of 70 patients with SUI were allocated to receiving electro-acupuncture or placebo electro-
acupuncture three time a week for 3 weeks. The selected acupoints included bilateral BL33
(Zhong Liao) located in the third sacral foramen and BL35 (Hui Yang) lateral to the tip of the
coccyx. In acupuncture group, normal needles were inserted with a depth of 50 mm. After
a De Qi sensation was obtained, paired electrodes of electro-acupuncture apparatus were
attached transversely to bilateral BL33 and BL35, respectively, with a continuous wave (50
Hz) for 30 min, three times a week. By contrast, the placebo needles were used at same acu-
points and the same parameters of electro-acupuncture device were used in control group.
Based on the study design, each patient was asked to complete 1-h pad test, 3 days bladder
diary and the International Consultation on Incontinence questionnaire short form (ICIQ-SF)
at baseline and posttreatment to assess the effectiveness of acupuncture. After 6-week treat-
ment, the urine leakage evaluated by 1-h pad test was reduced more significantly in electro-
acupuncture group in comparison with counterparts in control group (2.3 g vs. 0.3 g), so did
the episodes of SUI (2.0 vs. 0.7). Moreover, a significant decrease in ICIQ-SF score was found
in electro-acupuncture group compared to control group after treatment, which means that
patients in electro-acupuncture group gained a more improvement in SUI symptoms [35].

To further assess the long-term effect of acupuncture, a multicentered, randomized, con-
trolled, phase II trial was designed. In this ongoing study, patients will be followed as long
as 24 weeks after they receive 18 sessions of electro-acupuncture therapy [36]. In addition,
another randomized, controlled trial is also ongoing, in which the effect of electro-acupunc-
ture is compared with the PEMT [37]. We hope that the results of these clinical trials can bring
us sufficient evidence for the effect of acupuncture on SUI.

6.1.2. UUI

Although anticholinergics have been considered as the first-line drug for OAB and UUI,
as high as 30-50% of patients cannot get benefit from the pharmacological therapy [38]. A
single-blind, randomized, controlled study investigated the effect of acupuncutre on OAB
refractory to anticholinergics. In it, 50 patients with OAB who had poor response to anti-
cholinergics were given electro-acupuncuture or sham electro-acupuncuture randomly for
6 weeks. Based on the procedure, needles were inserted into bilateral BL32 (Ci Liao) located
in the secondary foramen, BL33 and BL34 (Xia Liao) located in the fourth foramen at an
angle of 60° horizontal and 30° sagittal with a depth of about 50 mm and each pair of nee-
dles were connected to electro-acupuncture device, with a disperse-dense (4/20 Hz) wave
for 30 min, five sessions a week in electro-acupuncture group. By contrast, non-acupoints
with superficial needles were used as control intervention. To assess the effect of acupunc-
ture objectively, urodynamics were used to measure patients’ bladder function at baseline
and posttreatment. After 6-week treatment, a significant improvement in the first sensation
of bladder filling, first urge to void and maximum cystometric capacity were observed in
electro-acupuncture group, while no change in control group [39]. In another randomized,
controlled trail, 199 patients with UUI were assigned into electro-acupuncture or phar-
macological therapy group with a ratio of 2:1. For patients in electro-acupuncture group,
two groups of acupoints were selected to perform acupuncture alternately. One included
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CV3 (Zhong Ji) located in the midline and above the pubic symphysis, bilateral KI12 (Da
He) which is lateral to CV3, ST28 (Shui Dao) which is lateral to the midline and below the
navel, and SP6 (San Yin Jiao) situated above the tip of the medial malleolus on the posterior
border of the tibia. Of those, KI12 and ST28 were connected to the electrodes of electro-
acupuncture equipment with a disperse-dense (4/20 Hz) wave for 30 min, three sessions
a week. Another one includes bilateral BL32, BL35, BL29 (Zhong Lv Shu) located lateral
to the midline and at the height of the third sacral foramen, and BL40 (Wei Zhong) situ-
ated in the midpoint of transverse crease of popliteal fossa. Of those, BL32 and BL35 were
connected to a pair of wires of electro-acupuncture apparatus with the same parameters
of electro-acupuncture device. As the control, patients in pharmacological group received
oral tolterodine 2 mg, twice a day. After 3-week treatment, the ICIQ-SF score in electro-
acupuncture group dropped from 4.06 + 1.36 to 1.57 + 1.14 (P < 0.01), while no significant
difference was found in pharmacological therapy group [40].

6.1.3. MUI

MUI is a complicated disorder involving bladder and urethral function. Patients with MUI
normally have poor response to both pharmacological and surgical treatment. To determine
the effect of acupuncture on MUI, we designed a pilot study. In it, 42 women with MUI
received acupuncture therapy for 8 weeks. The selected acupoints include bilateral BL32,
BL35, SP6 and ST36 (Zu San Li) located below the lower border of the patella and lateral to
the anterior border of the tibia. Of those, BL32 and BL35 were connected to the electrodes of
electro-acupuncture equipment with a disperse-dense (4/20 Hz) wave for 30 min, three ses-
sions a week. After 8-week treatment, the majority of patients presented a significant decrease
in ICIQ-SF score and the episode of U], so did the daily urine leakage [41].

We further designed a randomized, controlled trail to explore the synergy effect of acupuncture
and anticholinergics. In this trial, 71 patients with MUI were allocated to combination therapy
group or acupuncture group. Patients in each group received acupuncture therapy with same
procedure in the pilot study and ones in combination therapy group received additional toltero-
dine 2 mg orally twice a day. After 8 weeks treatment, patients in combination therapy group pre-
sented a more significant reduction in daily urine leakage than the counterparts in control group,
although no marked difference was found in cured and response rate between two groups [42].

6.1.4. OUI

Patients with OUI usually need to be treated with catheterization or invasive therapy. There
have not been studies focusing on the effect of acupuncture in treating OUI so far. We designed
a prospective, randomized, controlled trial to investigate the effect of acupuncture in prevent-
ing bladder over-distension, an important reason of OUL. In it, 61 patients underwent spinal
anesthesia were allocated to receiving acupuncture or no intervention. Based on the proce-
dure, acupuncture was performed when patients' sensory level regressed to T10 segment dur-
ing anesthesia. The selected acupoints included CV3, CV4 (Guan Yuan) located below CV3
and bilateral ST29 (Gui Lai) situated below the navel and lateral to the midline. After the
needles were inserted in these points with a depth of approximately 25 mm, the handles of
needles were connected to electrodes of nerve stimulator with a low-frequency (2 Hz) con-
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tinuous wave for 30 min. The incidence of bladder over-distentsion and urinary retention, the
time to voluntary micturition after spinal anesthesia, urine volume and adverse events were
collected and compared between two groups to evaluate the effect of acupuncture. During
post-anesthesia follow-up, a significant lower incidence of bladder over-distension (16.1% vs.
53.3%, P < 0.01) and shorter time to voluntary micturition (228 + 78 min vs. 313 + 91 min, P <
0.01) were found in acupuncture group compared to control group. By contrast, no marked
differences were detected in incidence of urinary retention, urinary volume and side effects
between two groups [43]. Because the findings of this study suggest that acupuncture can
decrease the incidence of bladder over-distension in patients undergoing spinal anesthesia,
it might be reasonable to infer that acupuncture is effective for treatment of OUIL However,
the exact effect of acupuncture on OUI needs to be confirmed by well-designed clinical trial.

7. Summary

There have been increasing evidence on effectiveness of CAM therapies for different types
of UL. However, the majority of studies have non-blind design and small sample size, which
limits the level of evidence. Despite these limitations, CAM therapies should be considered
as the initial management for patient with Ul since they are relatively noninvasive and can
benefit a substantial group of Ul patients.
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Abstract

Urinary incontinence is a complex and serious condition that can affect all age groups
around the world. It is not only a serious medical condition but also an undeniable psy-
chosocial problem creating embarrassment and negative self-perception, and it has a
severe impact on a patient's quality of life. Today, there are wide different treatment
options in urinary incontinence from surgery to conservative modalities. Among these,
conservative management approaches are recommended as the first-line treatment to
manage with urinary incontinence. The choice of the most suitable option to treat for
urinary incontinence differs according to the underlying pathophysiological mechanism
defining subtypes of urinary incontinence and severity of symptoms. In this chapter, we
addressed the different components of physiotherapy management of urinary inconti-
nence, including pelvic floor muscle training, electrical stimulation, biofeedback, vagi-
nal cones, mechanical devices and magnetic stimulation. We concluded that the optimal
physiotherapy care should be individualised to ensure applicability the clinic setting for
each patient.

Keywords: urinary incontinence, pelvic floor muscle training, physiotherapy,
biofeedback, women

1. Introduction

Urinary incontinence (UI) is defined by the International Continence Society as any invol-
untary leakage of urine [1]. It is one of the most common health problems seen in women of
nearly all ages [2] and affects up to two-thirds of all women [3]. It is more frequent in women,
and it is particularly common among those in residential care [4].
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Female urinary incontinence is a complex situation [5]. It has been stated that UI might be
indicative of a symptom, sign or condition. The symptom may indicate a state of loss of
urinary control; the sign is the objective demonstration of urine leak, and the condition is the
urodynamic demonstration and characterisation of urine loss [6].

UI should not be classified only as a serious medical condition leading to lower urinary tract
infections and perineal rash but also as an undeniable psychosocial problem (Figure 1), creat-
ing embarrassment and negative self-perception [7]. This in turn affects a wide aspect of daily
life, including the social, psychological, occupational, domestic, physical and sexual activities
of women [2]. UI has been found to result in reduced social interactions and physical activi-
ties [8] and is commonly associated with poor self-rated health [9], impaired psychological
well-being, sexual relationships, decreased quality of life (QoL) [10] and increased depressive
symptoms [11]. It may restrict employment and educational or leisure opportunities leading
to embarrassment and exclusion [12].

There is a wide range of literature on the prevalences of UI [13, 14]. This can be explained by
the differences in the definition of Ul, in epidemiologic methodology, and in the demographic
characteristics among the studies [13-15]. About 25% of young women, 44-57% of middle-
aged and postmenopausal women, and about 75% of older women experience some involun-
tary urine loss [16]. In the 5th International Consultation on Incontinence (2012), it is stated
that the prevalence of Ul in the population varies between 30% and 60% in middle-aged and
older women and it increases with age. In addition, the prevalence of daily UI changes from
5 to 15%, and it rises over 15% in women aged above 70 years [14]. Although these ranges of
prevalence of Ul are usually underestimated in the clinical setting, since patients often fail to
bring the condition to the attention of their physicians. It is estimated that only one in four
symptomatic women seeks help for this problem [17].

Psychosocial Problems in Urinary
Incontinence
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Figure 1. Psycho-social problems seen in urinary incontinence.
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Ul affects not only the sufferers but also their family, friends and the general public, due to its
associated medical costs and social stigma [18]. Ul is generally not related directly to survival
but affects the QoL of the patients, causes mental distress and reduces day-to-day activities.
When the treatment for UI results in the alleviation or cure of the condition, the distress can
be eliminated and return to a normal life is possible [19]. In general, the choice of treatment
primarily depends on the balance between efficacy and the associated complications. A variety
of effective conservative treatment modalities are available to manage symptoms of UI [20].

There are several risk factors associated with Ul in women (Figure 2). These include age,
obesity, race/ethnicity, childbirth, oral hormonal therapy, prior hysterectomy, cognitive
impairment, mobility impairment, diabetes [21], history of pelvic and perineal surgery [5]
pregnancy, pelvic floor trauma after vaginal delivery and menopause [22]. Ul may also occur
as a result of a number of abnormalities of function of the lower urinary tract, or as a result of
other illnesses [23], use of diuretics, sedentary lifestyles, caffeinated and carbonated drinks,
severe and/or chronic cough resulting from, for example, chronic bronchitis or smoking, blad-
der stones, short urethra and hypoestrogenemia. These conditions may lead to urinary leak-
age under different situations [24].

The different types of incontinences are distinguished by their baseline mechanisms [16].
There are three major subtypes of Ul stress urinary incontinence (SUI), urge urinary incon-
tinence (UUI) (urgent need to void) and mixed urinary incontinence (MUI) [25]. SUI is char-
acterised by involuntary loss of urine without any previous feeling of a need to void, which
occurs while under a physical stress like cough, lifting something heavy or any other physical
activities [5]. UUI is characterised by an involuntary leakage accompanied by or immediately
preceded by urgency that is difficult to defer followed by an irresistible need to void [25],
resulting in uncontrollable leakage of urine [5]. MUI refers to the involuntary leakage associ-
ated with variable proportions of urgency and also with exertion, effort, sneezing or coughing

Age,
. o Ethnicity and race,
Obesity and adiposity,
Parity Menopausal replacement therapy,
' Hysterectomy
Pregnancy
Risk Factors of
Urinary
Incontinence
Smoking, Cognitive impairment,
Menopause, Maobility impairments,
Pelvic and perineal surgery, Anatomical abnormalities,
Diet

Figure 2. Risk factors for urinary incontinence.
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[25-27]. These definitions reflect the consensus definitions developed by the International
Urogynecological Association and International Continence Society [27]. There are also less
common categories of UL These include total incontinence which is associated with urinary
tract fistula or ectopic ureter, functional incontinence, which is associated with psychiatric or
mobility disorders, overflow incontinence, post-micturition dribble, radiotherapy and climac-
turia [28], nocturnal enuresis, continuous Ul and UI due to idiopathic or neurogenic detrussor
[29]. Different types of incontinence, their definitions and possible causes are given in Table 1
[14, 30].

There exists a wide range of treatment options to treat Ul from surgical interventions to
conservative modalities. Current guidelines recommend conservative management that is
defined as interventions that do not involve treatment with drugs or surgery targeted to the
type of incontinence [23, 31], as the first-line therapy in UI [13, 31, 32]. Therefore, there is an
option for conservative management, and physiotherapy, particularly for women who have
not completed their childbearing and for those with mild symptoms [33]. Physical therapy
modalities have been in use for several decades to treat UI and other lower urinary tract
symptoms. They have been adopted by several disciplines and are implemented in many

different ways [34].

Types of urinary incontinence

Types

Definitions

Pathophysiology and causes

Stress urinary incontinence

Urge urinary incontinence

Mixed urinary incontinence

Overflow incontinence

Functional incontinence

Nocturnal enuresis

Continuous incontinence

Total incontinence

Loss of urine during physical movements
(coughing, sneezing, jumping, lifting,
exercising)

Leakage of urine at unexpected times
accompanied by, or immediately preceded
by a strong desire to void

Involuntary leakage associated with
symptoms of urgency; loss of urine with
exertion, effort, sneezing or coughing

Unexpected leakage of small amounts of
urine because of a full bladder

Urinary accidents associated with the
inability to toilet because of impairment of
cognitive and or physical functioning

The complaint of loss of urine during sleep

The complaint of continuous leakage

The continuous and total loss of urinary
control

Weakness of pelvic floor muscles or
urethral sphincters, post-urologic
surgery

Detrusor overactivity (uninhibited
bladder contractions), neurologic
disorders

Mixed etiology of stress and urge
urinary incontinence

Anatomic obstructions of urethra,
a contractile bladder, neurogenic
problems

Severe cognitive, mobility or
psychological impairments

Genetics, nocturnal polyuria, idiopatic

Diabetes, multiple sclerosis, blockage
of urinary tracts

Neurogenic or cognitive problems,
vesicovaginal fistula, spinal cord
injuries

Table 1. Types of urinary incontinence, their definitions and pathophysiologic mechanisms with possible causes.
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The main purpose of the conservative management is to strengthen the pelvic floor and mod-
ulate behaviours that influence bladder function, whereas pharmacological therapies targets
innervating the bladder and sphincter [16, 22]. The aim of conservative rehabilitation therapy
is to stabilise the urethra by increasing pelvic floor muscle (PFM) strength (force-generating
capacity). Pelvic floor muscles (PFM) strength is important to support and stabilize bladder
neck and urethra [15].

The researchers and patients see improvements in Ul in different ways. Sufferers define
improvement according to reduced lifestyle limitations or healing overall perception of
bladder symptoms, especially recovery of urine leakage. In the view of the researchers, an
improvement is a decrease in the amount of urine lost during pad tests, or any statistically
significant decrease in the frequency of Ul episodes [35].

There are some conservative therapy modalities to obtain improvement in patients with
UL Among these techniques, pelvic floor muscle training (PFMT), electrical stimulation
(ES), biofeedback, magnetic stimulation (MS) and vaginal cones (VCs) are mostly used as
a therapy method before surgical options in some situations. Training and strengthening
the PFMs is recommended as the first-line management for women with SUI, UUI and MUI
[15, 23].

2. Pelvic floor muscle training

Pelvic floor muscle exercises (PFME) offers a possible reprieve from UI [36]. Therefore, PEMT
remains a key factor in the prevention and treatment of UI [14]. This conservative therapy
appears to have no significant side effects and help in improving symptoms. It can therefore
be considered as the first choice of treatment for Ul in women. The guideline states that pel-
vic floor exercises have been found to be effective in the treatment of incontinence in more
than 50% female patients [23, 37]. It is commonly recommended for the treatment of patients
with SUI or MUI [38]. Less commonly, it can be used for UUI [39]. It has been demonstrated
that PFME can improve the strength of the female PFMs contraction, increase intraurethral
pressure and elevate the urethra to maintain continence [40, 41]. Through the agency of all
these benefits, symptoms of SUI in women result in improvement. In addition, fast-repeated
contractions of the levator ani musculature have been demonstrated to stimulate the sacral
reflex arch to suppress urinary urgency and frequency and improve UUI symptoms [41, 42].

PEMT for the management of UI has been described in several ancient texts of China, India,
Greece and Rome [37, 43]. It was thought that strengthening this group of muscles would pro-
mote health, longevity, spiritual development and sexual health. The first report of PEMT in
modern medicine dates back to 1936, when a paper by Margaret Morris described tensing and
relaxing of the PFMs as a preventative and treatment option for urinary and faecal inconti-
nence [37]. Subsequently, PEMT was introduced to the British physiotherapy profession.
However, PEMT was popularised by Arnold Kegel for the management of Ul in 1948 and has
since remained as a first-line conservative measure [44-46]. In his paper “Progressive resistance
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exercise in the functional restoration of the perineal muscles”, he reported the successful treat-
ment in patients with SUI [47], and the term Kegel exercise, as a common misnomer for pelvic
floor exercises, came into existence [37]. As mentioned above, PFMT commonly recommended
and used for the treatment for SUI or MUI especially with SUI symptoms [44, 48, 49] and pelvic
organ prolapse (POP) [50], as the first choice of treatment for SUI/MUI [38]. Less commonly, it
is used for the treatment of UUI [32, 39, 48, 49].

PFMT is mostly aimed to improve the function of the PFM in terms of strength which is the
maximum force generated by a muscle in a single contraction, endurance which is the ability
to perform repetitive contractions or to sustain a single contraction over time and coordina-
tion that is muscular activity prior to effort and on exertion, or any combinations of these, thus
providing thereby maximum support to the pelvic organs, especially the bladder neck and
the proximal urethra, before and during an increase in intra-abdominal pressure, to prevent
urine leakage [39]. PFM strength training results in an improved support to the bladder neck
and proximal urethra, which have been observed to be poorly supported in some patients
with UL This is achieved by elevating the position of the levator ani muscle through muscle
hypertrophy and increased muscle stiffness [39, 51].

There are 12 striated muscles arranged in three layers in the pelvic floor. These three layers
consist of the endopelvic fascia, the levator ani muscles and the perineal membrane, respec-
tively. The endopelvic fascia is the connective tissue floor of the pelvis, extending between the
viscera to the pelvic walls. It is considered as first layer of pelvic floor. The levator ani muscles
and their fascia are considered as second layer which is also referring as the pelvic diagram. It
serves as horizontal sheet with anterior hiatus in the midline. The urethra, the vagina and the
rectum pass through within this hiatus. If this layer is disrupted during parturition, there will
have a consequent effect on all the three structures. The last layer is the perineal membrane
(or in other words urogenital diaphragm) and lies at the hymeneal ring. In females it does not
complete due to the position of the vagina. Thus, this membrane provides some weak support
for the urethra. Lying under the perineal membrane are the ischiocavernosus, bulbocaverno-
sus and superficial transverse perineal muscles [52].

The PFMs consist of muscle fibres, of which 70% are slow-twitch type 1, that is, fatigue-
resistant fibres maintaining static tone and 30% are fast-twitch type 2 that is fatigue-prone
fibres being capable of active contraction. In some situations like aging, inactivity and nerve
innervation damage, there might be a decrease in the proportion of the fast-twitch fibres [53].
Doing exercise can increase PFM strength, durability and responsiveness [47, 54].

In order to prevent UI, PEMT works in several ways. In females, the bladder neck and urethra
are supported by the PFMs. Just before intra-abdominal pressure begins to increase, PFMs
is activated and this activation is maintained during increased intra-abdominal pressure.
Contraction of PFMs pressures the urethra to the pubic symphysis. Consequently, the ure-
thral resistance increases and this increased resistance prevents involuntary loss of urine. It is
demonstrated that urethral and bladder neck descent and leakage of urine can be prevented
by a well-timed contraction when intra-abdominal pressure increases. The repetitive exercises
which are done regularly cause muscle hypertrophy, improve the urethral resistance and help
to prevent POP [50].
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PFMs integrity appears to play an important role in the continence mechanism. Therefore,
there is a biological rationale in improving the use of PFMT in preventing and treating Ul
in women [47]. There are two main biological reasons for using PFMT. Firstly, a voluntary
contraction before and during a cough has been shown to effectively reduce urinary leakage
during cough (a manoeuvre termed “The Knack”) [55]. Secondly, increase in PFMs strength
is thought to beef up long-lasting structural support to the pelvis by ascending the levator
plate. This is also enhanced by hypertrophy of the muscles which increases further the stiff-
ness of the PFMs and connective tissues [51]. Thus, perineal descent during increased intra-
abdominal pressure could be prevented by improving the PFM strength. Improvement in the
PFM strength may also facilitate PEMs before and during the effort, thereby reducing SUI
in women. Given the above biological rationale, while treating SUI, the focus of any PFMT
should be improving the timing of the contraction, strength and stiffness of the PFMs [48].

PFME, which includes repetitively selective voluntary contraction and relaxation of the spe-
cific PFMs [27], is used to increase the strength of the PFMs and periurethral muscles. This
in turn improves the efficiency of the supportive function by immobilising the urethra and
improves the sphincteric function by increasing the intraurethral closure pressure during
physical activities [51, 56]. The movement is a voluntary inward and upward contraction and
squeeze of the pelvic floor. The basic principles of muscle training according to the American
College of Sports Medicine are based on progressive overload, specificity and periodisation,
which need to be incorporated into any resistance training programme in order to achieve
maximum results [48]. As the pelvic floor is entirely composed of striated muscles, the prin-
ciples of strength training for the striated muscle can also be applied to PFMs [37, 48]. During
the PFMT, the purpose of progressive overload is to gradually increase the intensity of the
exercises and the number of repetitions throughout the exercise programme. By submaximal
loads, the speed of the repetitions should be adjusted according to the desired goal. For endur-
ance improvement and power training or lengthened for strength, the rest periods should be
shortened. In the end, the overall volume of training should be increased gradually [37].

Different studies have recommended different number of contractions ranging from 8 to 12
contractions three times a day to 20 contractions four times a day and up to as many as 200
contractions per day [37]. To obtain increased muscle strength of PFMs, it is necessary to
apply a method, named as the progression model. This method requires doing repetition
from 8 to 12 times with maximum contractions at moderate velocity and 1 or 2 min breaks
between sets. Moreover, number of initial trainings which were two to three times in a week
should be increased to four to five times per week. Additionally, as a person can achieve the
current workload for one to two repetitions over the determined number, the initial work
load should be increased about 2-10%. In order to increase muscle endurance, the progres-
sion model suggests the need for light to moderate loads (40-60% of maximal load) with high
repetitions (>15) and short rest periods (<90 s) for endurance training. In PEMT, progression
can be achieved by changing positions from gravity-free to antigravity or through the intro-
duction of cones into the exercise sessions. Finally, if it is desired to obtain better outcomes
according to progression model, velocity and coordination training (“The Knack”) should
include the use of repetitive, voluntary PFMs contractions in response to specific situations;
for example, prior to and during coughing, lifting an object or jumping [48]. The National
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Institute for Health and Care Excellence (NICE) recommends PEMT comprising at least eight
contractions three times daily for at least 3 months as the first-line therapy for the women
with SUI [23]. The American College of Obstetricians and Gynaecologists also recommends
PFMT as the first-line therapy for the women with SUI and states that PFMT is more effective
than ES or VCs [57].

There are different recommended postures that are adopted during the prescribed exercise
regimen. These postures include sitting, kneeling, standing, lying down and standing with
legs astride. There are huge variations in the recommended duration of the prescribed regi-
men starting from 1 week to 6 months, with 3 months being most frequently recommended.
Across studies the number of contractions ranges from 8 to 12 contractions three times a day,
to 20 contractions four times a day, to as many as 200 contractions per day [37]. NICE recom-
mends a trial of supervised pelvic floor exercises, consisting of at least eight contractions three
times a day for a minimum of 3 months, as the first-line treatment for UI [37, 58]. The recom-
mended supervised PFMT by The International Consultation on Incontinence Committee for
women with SUI is 8-12 weeks before reassessment with a possible referral for further man-
agement, if the patient does not improved desirably [37, 59]. The intensity of the contraction
seems to be more important than frequency of training [60].

To obtain better outcomes from PFMT, PFMs may be activated together with the abdominal
muscle. It is known that active contraction of the transversus abdominis (TA) muscle is associ-
ated with co-activation of the PEMs. However, PFMs are not raised in all women by the TA
muscle contraction. In recent studies, it is suggested that the relationship between PFM and
TA muscle vary between continent and incontinent women. In incontinent women with SUI,
TA muscle contraction with the PFM being displaced less during the contraction of TA muscle
as compared to the continent women [37].

Among the conservative treatment options, this conservative therapy appears to have no side
effects and enables improvement in symptoms; it can therefore be considered as a first choice
of treatment for Ul in women [37].

3. Electrical stimulation

Another popular intervention used by physiotherapists to reduce Ul is ES. It is one of the first-
line conservative treatment option for female UI and widely used in the management of it.
ES physiologically produces muscle hypertrophy, normalises the reflex activity of the lower
urinary tract and increases circulation to muscles and the capillary system [7, 61]. It may also
increase conscious awareness of the action of PFMs to provide an improved ability to perform
a voluntary muscle contraction. With regard to a recent systematic review, ES does not differ
from sham stimulation or PEME in terms of improvement in UI [62]. However, ES is a priority
for women with difficulty in contracting the PFMs initially [7, 61].

ES is a therapeutic option for patients with Ul and based on the application of electrical
impulses to the peripheral nerves [63]. In 1963, ES of the muscles of the pelvic floor was
first offered by Caldwell to address urinary and faecal incontinence. Since then, clinical trials
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showed some efficacy in treating Ul particularly in SUIL, UUI and MUI [31, 64]. It includes the
application of ES to the suprapubical, transvaginal, sacral and tibial nerves [64] and denoted
as functional ES [31]. The process of sacral nerve stimulation includes implantation of a wire
electrode in one of the sacral foramina, usually S3, which is then connected to a stimulator
device. In most cases, it is useful for refractory Ul and idiopathic urinary retention [65, 66]. ES
of the tibial nerve is a peripheral non-implantable method, which can be applied percutane-
ously with a needle or transcutaneously with a stick-on electrocardiograph-type electrode [31,
65]. In this, 52-54 crossroads of the sacral nerve plexus delivers neuromodulation to pelvic
floor through the less invasive route of the posterior tibial nerve. There are projections in this
area to the sacral nerve plexus. A feedback loop is generated, modulating bladder innerva-
tions [31, 67]. The main of suprapubical ES is to make a direct stimulation of S3 nerve roots, in
order to inhibit the detrusor activity, equivalently to the sacral ES, but is less invasive [31, 68].

ES is generally directed with a removable device through vaginal or anal stimulation [69]. The
electrodes can be implantable or non-implantable, and the ES can be of long or short dura-
tion [31]. The electrodes are placed in the vaginal or rectal canals in such a way as to acquire
direct contact with a remarkable amount of afferent nerve fibres of the pudendal nerve [70]. It
is necessary to partially or totally innervate the pudendal nerve so that nerve stimulation can
occur [70, 71]. The advantage of this therapy is that it does not ask for voluntary patient effort;
however, the passive muscle contractions are generally weaker than the voluntary ones [63].

The mechanism of action of this modality relies on the ES to induce hypertrophy of skeletal
PEM [25, 72], which cannot be achieved by voluntary muscle contractions via reflex contrac-
tions, while activating the detrusor inhibitory reflex arc [25, 72]. The important outcomes of
electrical stimulation are the reorganisation of spinal reflex and regulation of cortical activity,
which are related to the mechanism of action of this therapy [73]. The mechanism of action of
ES is to promote bladder relaxation by inhibiting the parasympathetic motor neurons. Other
studies reported that transvaginal ES causes contractions of the pelvic floor, increasing the
number of muscle fibres with rapid contraction, which are responsible for continence in con-
ditions of stress [31, 65].

The aim of ES in the treatment of patients with SUI appears to improve the function of the
PFMs [74] by stimulating its contraction, with the goal of achieving a training effect to ensure
that the pelvic floor will provide adequate support with the advancement in PFM strength to
prevent urine loss during an increase in intra-abdominal pressure [75]. While for women with
UUI, the intention seems to be to inhibit detrusor overactivity [74].

The principle of ES for the treatment of SUI based on the delivery of electrical impulses to
directly trigger reflex contraction of the PFMs through the pudendal nerve and by activating
three concomitant central actions. These concomitant actions are activation of hypogastric
inhibitory fibres to the bladder, central inhibition of pelvic outflow to the bladder and central
inhibition of the ascending afferent pathway from the bladder. Voluntary pelvic floor muscle
contraction does not lead to the activation of this reflex pathway [72, 76].

ES can evoke direct contractions of the PFM in patients with detrusor overactivity or symp-
toms of urgency and UUI The contractions stimulate afferent fibres of the pudendal nerve
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going to the sacral spinal cord [2], and this stimulation induces a reflex contraction of the
striated paraurethral and periurethral muscles, accompanied by a simultaneous reflex inhibi-
tion of the detrusor muscle [69, 72, 76, 77]. This response leads to a reflexive decrease in the
feeling or sensation of urgency and inhibits parasympathetic activity at the level of the sacral
micturition centre in the sacral cord that eventually reduces involuntary detrusor contractions
and reflexively activates the striated periurethral musculature [2]. Peripheral innervation of
the PFMs must at least be partly intact to gain a therapeutic effect of pelvic floor stimulation
in women with detrusor overactivity [78].

There are major inconsistencies that exist between several electrostimulation protocols, partly
due to a lack of understanding of the physiological principles of electrostimulation and the
way it could contribute to recuperation from SUI in women. Different forms of electrostimula-
tion are distinguished in physical therapy, brief maximal stimulation, which is usually per-
formed at a physical therapy centre and prolonged, low-intensity electrostimulation, which
can also be performed at home. The potential side effects of electrostimulation include pain
and tissue damage; electrostimulation is contra-indicated if patient is using a pacemaker or in
case of pregnancy [61]. Stimulation parameters have been defined on the basis of neurophysi-
ological and clinical studies (Figure 3) [72, 79].
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Figure 3. Stimulation parameters of electrical stimulation.

3.1. PFME and electrical stimulation

Patients with very weak PFMs often have difficulty identifying and activating their muscles
to improve symptoms of SUI In this situation, ES can be useful to activate PFMs. To improve
the efficacy of PFMT, it is combined with ES. Hence, combination of these might facilitate
training by helping patients to better identify and strengthen their muscles, leading to better
treatment outcomes [34]. The sense of contracting the PFMs is a useful reminder to the patient
of the sensation that should be perceived, and they are encouraged to actively try to contract
the PEM during ES [33, 79].
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It may be that electrical stimulation is particularly appropriate for patients who are initially
unable to contract their PFM, but once active contraction is achieved, PEME may be more
effective [80, 81].

In most physiotherapy practices, electrical stimulation is used for partially paralysed muscles
and to stimulate the activity when the patients are unable to contract it voluntarily. Most
physiotherapists prefer stop using ES and continue with regular muscle training when the
patient can contract voluntarily [82].

In general, there are two main mechanisms by which ES is believed to work. One of these ES
in the form of neurostimulation aims to stimulate motor efferent fibres of the pudendal nerve,
which elicits a direct response from the effector organ, for instance, a contraction of the PFMs
[70, 83, 84]. Other mechanism of these, ES in the form of neuromodulation aims to remodel
reflex loops, for instance, the detrusor inhibition reflex by stimulating afferent nerve fibres of
the pudendal nerve that influence these reflex loops via the spinal cord [70, 85].

4. Biofeedback

One of the recent definitions of biofeedback is giving an indication on bodily processes using
an external sensor within a group of experimental procedures, mostly in order to readjust the
measured quality [82]. Another definition is coexisting, simultaneous or terminal biological
feedback of biological signals allowing a person to determine and modify a bodily function of
which they are usually unacquainted [86, 87].

Assisting patients for the determination and also their exercise the PFM properly is accepted
as the main objective of biofeedback [34]. Although it is not a therapy in itself, it is possible to
be applied in the treatment of patients with SUI for several reasons. Firstly, it provides them
an indication of their PFM activity at rest, in contraction and relaxation modes; secondly, it
gives not only the strength of individual contractions of the PFMs but also the strength of the
contracting PFMs or the way in which certain muscles contract and the direction of contrac-
tion. Since biofeedback gives information related with the learning and controlling the func-
tions of the activity of striated muscles through varied audio-visual techniques, it can also be
used to educate a certain patient suffering SUI, about the selective contraction of their PFMs.
Introducing a sensor or electrode into the vagina or rectum is the most common method
to provide biofeedback. By this way, the vaginal or rectal pressure or the electromyogram
(EMG) signal of the sphincter muscle is recorded. The visual or acoustic information about the
pressures measured and/or the EMG signals are sent to the patients, thus enabling them to see
the magnitude of the force being generated by the PFMs and to know if this force has reached
its maximum level. The technique can also be used to visualise progress, which obviously
motivates patients to keep exercising (biofeedback device is shown in Figure 4). Biofeedback
is not a therapy to be applied solely; however, it is possible that a combination of biofeedback
and PFMT is beneficial for decreasing the reluctant leakage of urine in SUI suffering patients.
The efficacy and professional knowledge of a physical therapist plays a significant role on the
effective results of biofeedback usage [61].
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Figure 4. Biofeedback device.

Even though biofeedback technology is accepted as a proven technique assuring proper muscle
control, it needs specific equipment as well as professional expertise, which results in longer
time period and higher financial cost [34]. The contribution of the field of psychology has been
required for the development of the biofeedback equipment; hence, varied forms of stress are
needed to be measured through sweating, heart rate and blood pressure. Using vaginal palpa-
tion and clinical observation during the instruction of accurate contraction was indispensable
for Kegel's training protocol [47]. During Kegel's exercise, as biofeedback, a combination of
PEMT and vaginal squeeze pressure measurement was used. Nowadays, in clinical practice,
wide ranges of biofeedback apparatus are in use [82]. Biofeedback devices vary considerably.
They can be inserted into the rectum or vagina or placed on the perineum. Many of the bio-
feedback devices addressed in this review are either air- or water-filled balloons inserted into
the rectum or vagina to measure pressure. Vaginal, anal and intra-abdominal pressure can be
measured regulated by the balloon catheters” quantity and induction. The other main group of
biofeedback devices measures electrical activity (i.e. electromyography) via surface metal elec-
trodes on vaginal or anal probes. Displaying movement, such as moving bladder neck upwards,
is another claim of biofeedback, which can be provided by ultrasound real time images [87].

A number of studies have tried to figure out which method is more beneficial to teach pel-
vic floor muscle control: biofeedback training or digital palpation with verbal feedback.
However, they are not consistent, and there is need to studies coming up with a clear benefit
biofeedback to a PFMT program [34, 87]. Biofeedback could be implemented for patients
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who cannot identify their muscles well by other methods. Additionally, it is suggested that
behavioural methods can be used more widely particularly in settings where biofeedback is
not accessible [34].

Biofeedback-assisted exercises present the advantage of additional acoustic and visual guid-
ance for the patient, which makes it easier for them to learn and perform the exercises appro-
priately [88, 89]. Another advantage of biofeedback is to help the women who have difficulty
in isolating their PEM during training. Furthermore, patients who can identify the PFM often
find that the required daily exercise routine is burdensome. Most of the patients fail to comply
with the PEMT for a long-term [89, 90]. ES is a non-invasive, passive treatment that produces
a muscle contraction [89, 91]. PEM contraction by indirect nerve stimulation and polysynaptic
reflex responses is caused by transvaginal electrical stimulation (TES) [89, 90, 92]. As long as
performed accurately, PEMT results more effective than ES because of the indirect stimula-
tion and reflexive contraction. Biofeedback-assisted PFMT and TES have been used together
to improve therapeutic effect [89].

4.1. PFME along with biofeedback

In the field of urology or urogynaecological, the term “biofeedback” is often used to classify
a method different from PFMT. Biofeedback is helpful for training and evaluating response
from a single PFMs activity. In the area of PEMT, with both vaginal and anal surface EMG,
urethral and vaginal squeeze pressure measurements have been utilised with the purpose
of making the patients to know better their muscle functions and to enhance and motivate
patients’ effort through training [82, 93]. PFME are possible to be supported by biofeedback,
since it gives relative information on unconscious physiological processes. Provided informa-
tion establishes the primary support for active self-control processes under observation [69].

In SUIT treatment, biofeedback could be used in combination with PFMT to demonstrate PFM
activity at rest, on activity and in relaxation period. In addition, it represents the ability of a
person (by electromyogram) or overall (pressure measurement) PFM contraction. However,
combination of PFME with biofeedback is not more effective than PFMT which is done solo
[75, 94, 95]. Although each treatment modalities are useful by itself, it is probable that bio-
feedback added value in SUI patients suffering unawareness and/or control of the pelvic
floor, quick improvement from the beginning phase and motivate the patients for the exer-
cise [60, 75].

The exact contraction may be verified by using biofeedback or manual palpation. In women,
biofeedback is applied by using small electrodes which are placed around the anus or by
using an internal vaginal electrode. Biofeedback allows women to see their muscle output
during an exercise instantly. However, information available in the literature suggests that
PFME with biofeedback is not as effective as PEME applied alone. On the other hand, combin-
ing PFME with biofeedback can be clinically beneficial and acceptable treatment procedure
for certain groups of woman. A practical strategy may be to begin with PEME with biofeed-
back for those who might have difficulty in understanding how to contract or are unable to
contract the PFM. Biofeedback can also be used to teach the correct form of PEME [7].
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5. Vaginal cones

PEMT is the main approach of conservative (non-surgical) treatment in SUL It is based on
strength training or identification or both for the PFM to overcome weakness by increasing
the support of urethra and bladder, and improving sphincteric action of muscles around the
urethra [96].

On the other hand, this muscles group seems rather difficult to be determined and controlled
by women. Moreover, these muscles are below par to the training completion; hence, it will
probably require other intervention modalities [25]. In addition, incorrect PFMs contractions
can make the incontinence worse [97]. While considering these reasons, weighted VCs were
developed as a method of strengthening and testing the function of the PFM [98].

Plevnik introduced the usage of VCs in 1985 [98]. His aim was to strengthen PFMs with the
VCs by inserting them in the vagina higher to the pelvic floor musculature [63]. Theoretically,
when a cone is placed in the vagina, the PFMs need to be contracted to prevent the cone slip-
ping out [96]. The sensation of losing the cones from the vagina provides a strong sensory
feedback and prompts a PFM contraction in order to retain the cone [74]. In order to keep the
cone inside the vagina, these muscles are needed to be contracted. Same sized but different
weighted set of VCs are given to the patient and she is asked to insert a cone of increasingly
heavier weight until she can hold the earlier lighter one [61, 63]. Developing muscular over-
load is provided by the cones. During the exercise process, the patient inserts the selected
cone intravaginally, above the level of the levatores muscle plate, using a standardised proce-
dure, and tries to hold the cone in place for up to 15 min by contracting her PFMs [61, 99]. If a
positive result is obtained twice in a row, the training can be continued with the subsequent
heavier cone. A training based on this principle is believed to strengthen the PFMs under
simultaneous proprioceptive feedback [61].

There are some perceived advantages of the cones over traditional methods of training the
PFMs [96, 100-102] and these are demonstrated in Table 2.

The probability of maintaining sensory-motor biofeedback brings about the certain advan-
tages of strengthening the PFMs by using VCs [103]. This sensory-motor biofeedback can pos-
sibly maximise the neural gains as the greatest activation and synchronisation of the motor
units [104]. And hence, the vaginal cone usage would support an accelerated improvement in
muscle strength through neural mechanisms, followed by muscle hypertrophy in response to
resistance training with progression of the cone weight [104, 105].

Although working out with cones has been criticised as not being suitable for all women
especially with a narrow and scarred vagina or individual admissibility and weight of the
cone may not represent the strength of PFM, weighted VCs has been shown to increase the
strength of the PFM and has been found to have similar efficacy in comparison with PEME
and ES. However, it enjoys the benefit of requiring less time to train for its application with
need of only one or two consultations, being able to be used without supervision, providing
a form of biofeedback and helping muscle synchronisation with increases in abdominal pres-
sure [96, 104]



Physiotherapy in Women with Urinary Incontinence
http://dx.doi.org/10.5772/64611

Advantages of the cones

The exercise is individualised for each woman
Less time is needed to teach women to use the cones than to teach PFMT

It does not take much time to insert and remove cones

U B W N e

The use of VCs can be self-taught, and they can be used without supervision and vaginal
examination

6 The graded increases in cone weight represent improvement in muscle strength and motivates
women to continue

7 Usually only one consultation is needed
8 Cones can be used in self-instruction of conventional PFMT

The cones provide a form of biofeedback as the sensation of one slipping out induces a PFM
contraction which may both strengthen muscles and help to synchronize muscle contraction with
increases in abdominal pressure

Table 2. Advantages of the weighted vaginal cones.

6. Mechanical devices

Vaginal support prostheses have been in use for a long time. Although these devices are primar-
ily used for POP, there has been some interest in developing those specific for SUIL Some poten-
tial advantages of these vaginal support devices include their potential to be applicable to the
majority of the incontinent patients, mild side effects and non-requirement of any specific testing
(e.g. urodynamic testing). Conversely, these devices do not definitively treat the problem, and if
the problem worsens, the patient health may require a surgical intervention. Furthermore, these
devices have no correction effect on intrinsic sphincter deficiency in reality, and may not help
patients with hypermobility. There is a recent Cochrane review looked at seven trials involving
over 700 women [106]. Three are small trials comparing mechanical devices (intravaginal such
as pessary, sponge or tampon-like device) with no treatment suggested that use of a mechanical
device might be better than no treatment; however, results were not conclusive. Urethral plugs
passively occlude and/or coapt the urethra, but require removal for voiding. Overall results of
the studies of Staskin and associates were generally favourable [107]. Although urethral inserts
can work for most of the women with pure SUI, the shortcoming that these devices must be
removed and reinserted with each void is not accepted by most of them [25].

7. Magnetic stimulation

Magnetic stimulation is a novel approach, coming up in recent years. The United States Food
and Drug Administration approved MS as a conservative treatment for UI in 1998 [29, 108].
Ever since, to evaluate its efficacy in UI, more than 50 clinical experiments have been con-
ducted worldwide [29, 109]. However, the multitude of information was overwhelming.
According to clinicians, there is a need to compile these informations so that evidence-based
decisions could be taken [29].
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To use of MS there must be special chair. An electric current is passed around a metal coil,
generating an electromagnetic field. When the person exposed to this field, electric current is
generated in tissues. Thus, PFMs is stimulated by the MS in a similar way to ES. In this case,
the patients are required neither to undress nor to insert electrodes, as the electromagnetic
fields spread easily through tissues causing ES [110, 111]. It has an armed treatment chair for
the patient to sit comfortably and a compact control unit (Figure 5). It contains a generator,
control buttons, a monitoring screen and modem, and is equipped with automatic payment
system for treatment sessions. The stimulation coil is situated underneath the treatment chair
to ensure direct focus on PFMs [108, 111].

Figure 5. Equipment of magnetic stimulation.

It has not been established that the optimal frequency and pulse duration in MS yet. However,
using more than 50 Hz has been reported as necessary to achieve an adequate PFMs contrac
tion for treatment of SUI [109], and 38-40 Hz and less than 10-20 Hz for UUI [29, 112, 113].

Conservative therapy should be considered prior to the initiation of medical or surgical treatment
of UL Because of its demonstrated efficacy, low risk and apparent low cost, published clinical
guidelines recommend that conservative management. Pelvic floor muscle training is recom
mended as first-line conservative management for treating urinary incontinence. Additional
physical therapies, such as electrical stimulation, biofeedback or magnetic stimulation can be
considered in women who cannot actively contract their pelvic floor muscles, in order to aid
motivation and adherence to therapy. Physiotherapists need to understand the nature of the
urinary incontinence, the influence prognostic factors and the principal of therapy modalities.
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Abstract

In this chapter, we focus on the medical treatment of overactive bladder (OAB) syn-
drome. The treatment of choice of the OAB syndrome is still the anticholinergic therapy,
although we must consider 33-agonists with almost the same evidence. No drug has been
shown to be clearly superior to the rest. The use of oxybutynin transdermal should be
considered when the side effects due to the oral administration are intolerable. In elderly
patients, first efforts should be directed to use non-drug therapies, such as behavioural
therapy. In patients suffering from cognitive dysfunctions, the use of antimuscarinic with
caution is recommended. Mirabegron, a 33-agonist, can be offered, although it should
be noted that the long-term effects are still unknown. The logical second-line treatment
is the intravesical injection of botulinum toxin A, considering its temporary effective-
ness and the possibility of retention. In some centres, sacral nerve stimulation may be an
option. Surgical treatment should be reserved when conservative therapies fail.

Keywords: medical treatment, overactive bladder, antimuscarinics

1. Introduction

Overactive bladder or detrusor overactivity is characterized by the presence of involuntary
detrusor contractions that may be spontaneous or provoked [1]. Clinically, idiopathic detru-
sor overactivity is manifested as the urgent desire to urinate, with or without incontinence,
generally associated with frequency and nocturia, which severely affect patients’ quality of
life. This combination of symptoms is included in a more general term that we know of as
overactive bladder (OAB) [2].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) X N



76

Synopsis in the Management of Urinary Incontinence

When designing a treatment algorithm, the balance between the risks and benefits of each
option must be taken into account regarding effectiveness and invasiveness, and the duration,
severity and reversibility of adverse effects, more so than the evidence available. Behavioural
treatment or hygienic-dietetic measures, that is, pelvic floor rehabilitation exercises and blad-
der training, are considered to be the first line of treatment for OAB syndrome, although they
require great amount of time and effort from both the physician and the patient [3]. Oral and
transdermal drugs are the second line of treatment, where antimuscarinic agents, in spite of
their effectiveness, present a high percentage of side effects (all reversible). The third line of
treatment includes intra-bladder treatment with onabotulinum toxin A, which entails risks
of urinary retention with delayed resolution, and the different options of neuromodulation
and nerve stimulation, which are more invasive and require greater motivation on behalf of
the patient. And finally, surgery, the last therapeutic option due to its irreversible side effects
[4] is surgery such as augmentation enterocystoplasty or urinary derivation.

The medical treatment of idiopathic OAB syndrome is the main objective in this chapter.

2. Oral medication

Medical treatment is the second line of treatment of OAB syndrome. It should be high-
lighted that the efficacy of said treatment is subject to the associated side effects of the drugs
implemented, which are usually frequent and intense, leading many patients to abandon
treatment.

In an attempt to inhibit the contractions of the detrusor muscle that occur in OAB syndrome,
different drugs have been used including anticholinergics, calcium antagonists (nifedipine,
flunarizine and terodiline hydrochloride), $-adrenergic agonists (clenbuterol), a-adrenergic
blockers (prazosin), prostaglandin-synthetase inhibitors (indomethacin) and muscle relax-
ants (flavoxate hydrochloride and dicyclomine) [5]. Of all the aforementioned, the most fre-
quently used are the antimuscarinic anticholinergic drugs. Recently, a new group of drugs
has become available, known as 33-agonists, which present a competitive efficacy and toler-
ability when compared with the classical treatment.

2.1. Antimuscarinic drugs

Antimuscarinic or anticholinergic drugs are currently used as the primary treatment of OAB
syndrome. The differences among them are based on their pharmacological profiles (musca-
rinic receptor affinity and other routes of action), the pharmacokinetic properties (liposolubil-
ity) and the formulations available.

Antimuscarinic drugs act by blocking the muscarinic receptors that are stimulated by ace-
tylcholine, which is simultaneously released by the parasympathetic nervous system's activ-
ity, inhibiting the contraction of the detrusor muscle. The muscarinic receptors are primarily
found in smooth muscle fibres, including the detrusor muscle, and in glands. Five types of
muscarinic receptors have been described in human bladders; the most frequent are M2 and
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M3, with M2 predominant to M3 in a 3:1 ratio. The M2 receptors are responsible for relaxing
the detrusor muscle. The M3 receptors control the contraction of the detrusor muscle. Close to
90% of the muscarinic receptors in the salivary glands are of the M3 type [6]. The concomitant
stimulation of these receptors by the antimuscarinics explains the well-known adverse effects
of dry mouth and constipation.

The antimuscarinics can be divided into the following groups:

¢ Tertiary amines (atropine, oxybutynin, propiverine, darifenacin, tolterodine and solif-
enacin), which are well absorbed in the gastrointestinal tract, and depending on their
lipophilic nature, they present a greater or lesser capacity to pass through the blood-
brain barrier.

* Quaternary amines (propantheline, trospium chloride), which are not well absorbed in
the digestive tract but have a lower incidence of side effects affecting the central nervous
system.

Antimuscarinic drugs are metabolized by the cytochrome P450 enzyme system, fundamen-
tally by the CYP2D6 and CYP3A4 enzymes, with the respective risk of pharmacological inter-
action by enzymatic induction or inhibition.

Establishing solid criteria regarding the resolution or improvement of urinary urgency associ-
ated with OAB is difficult. The absence of a standard definition of improvement or worsening
impedes the possibility of creating a concept of resolution as a primary objective. Generally,
systematic reviews assert that the effect of pharmacological treatment is weak but signifi-
cantly superior than that of the placebo.

Antimuscarinics lack complete selectivity at the bladder level and produce side effects in
other organs and systems that may limit their use [7]. Dryness of the mouth is the most fre-
quent side effect, although constipation, blurry vision, tachycardia, fatigue or altered cogni-
tive function may also occur. These side effects are dose-dependent and thus patients should
start with a minimal dose and gradually increase depending on the efficacy and the patient's
tolerance.

The immediate release (IR) formulation of oxybutynin is the prototype drug for urinary
urgency. It provides adequate flexibility regarding the maximum dose, even when used as
needed ‘off label'. However, due to its pharmacokinetic properties, the IR drugs have a greater
risk of side effects than the extended release (ER) versions. The transdermal release system or
topical gels provide an alternative formulation to be taken into consideration.

2.2. Dosage: pharmacokinetics

The dosage and pharmacokinetics of the primary antimuscarinics used in daily clinical prac-
tice are presented in Table 1.

All antimuscarinics are contraindicated in patients with closed-angle glaucoma. On the other
hand, the use of any antimuscarinic must be taken into account during breastfeeding as it may
inhibit the production of milk due to its direct effect on the mammary glands.
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2.3. Evidence: clinical efficacy

The efficacy of antimuscarinic drugs has been supported by five systematic reviews of differ-
ent drugs compared to placebos [13-17]. Most of the studies include patients with an average
age of 55-60 years, both men and women, where no results can be extrapolated based on sex.
According to the evidence, and with significant consistency between the different studies,
only moderate short-term improvement of symptoms is observed with the use of antimusca-
rinic drugs compared to placebo. See Table 2.

Number of N Relative Risk Number of patients needed to
studies (95% CI) treat NNT for a cure (95% CI)

Oxybutynin 4 992 1.7 (1.3-2.1) 9 (6-16)

(IR-ER)

Tolterodine 4 3404 1.2 (1.1-14) 12 (8-25)

(IR-ER)

Solifenacin 5 6304 1.5 (1.4-1.6) 9 (6-17)

Fesoterodine 2 2465 1.3 (1.1-1.5) 8 (5-17)

Table 2. Summary of the cure rate of the principal clinical trials [18].

The best indicator of the relevance of the side effects is the rate of abandonment due to intol-
erance, although this is not reflected in routine clinical practice. All of the formulations of
fesoterodine, oxybutynin, propiverone, solifenacin, tolterodine, darifenacin and trospium
offer a greater rate of improvement or resolution and a greater rate of side effects (dryness
of the mouth) compared to placebo (Evidence Level (EL) 1a and 1b, respectively). Likewise,
transcutaneous oxybutynin has shown a significant improvement in the number of episodes
of incontinency and nocturnal urination per day compared to placebo, with improvement in
urinary urgency, similar to its gel formulation [13].

2.4. Comparison between antimuscarinic drugs

The comparisons between the different antimuscarinic drugs, both in effectiveness and in side
effects, are important for decision making in daily practice.

Forty randomized and controlled clinical trials have been published along with five system-
atic reviews [13-15, 19, 20]. Almost all of them are studies supported by the pharmaceutical
industry. Generally, the titration schemes of the dose are included in the protocols for the
experimental group, but not for the comparison group. They are short studies (12 weeks)
and the primary objective is the modification of the symptoms of OAB more than its cure or
improvement in urinary urgency, generally analysed as a secondary objective. The clinical
applicability of these studies in daily clinical practice is questionable as most of the studies
are of low to average quality [16].

There is not enough evidence to confirm that one antimuscarinic drug is better than another to
cure or improve urinary urgency (EL 1a). However, oxybutynin ER is superior to tolterodine
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IR and ER (EL 1b), solifenacin is more effective than tolterodine IR (EL 1b) and fesoterodine is
more effective than tolterodine ER (EL 1b), regarding improvement of urinary urgency. None
of the antimuscarinic drugs have shown to improve the related quality of life better than the
others (EL 1a) [16]. In general, it is accepted that if one antimuscarinic IR drug is not effective,
an ER version is offered (grade of recommendation (GR A)).

The ER formulations cause less side effects than the IR formulations (EL 1b) [16, 20]. Oxybutynin
IR produces more dryness of the mouth than tolterodine and trospium ER, but less than dari-
fenacin [16, 20]. Oxybutynin ER generally produces more dryness of the mouth than toltero-
dine ER, although the incidence of moderate to severe dryness of the mouth is similar (EL 1a).
Transdermal oxybutynin has a lower rate of dryness of the mouth than oxybutynin IR and
than tolterodine ER, but a greater rate of abandonment due to cutaneous reactions (EL 1b) [16].
In fact, the use of transdermal oxybutynin is recommended when oral antimuscarinic drugs
are not tolerated due to dryness of the mouth (GR A). Solifenacin of 10 mg daily has a greater
rate of dryness of the mouth than tolterodine four daily [21, 22]. The same rate of abandon-
ment is generally observed, rewgardless of the incidence of dryness of the mouth. The primary
comparative studies regarding the efficacy and adherence are shown in Table 3.

Performing an early check-up of the efficacy and side effects after 1 month of treatment with
these patients (GR A) is recommended. On the other hand, physicians should be able to man-
age and treat the side effects inherent to antimuscarinic drugs (Tables 4 and 5). Patients must
be informed regarding said effects before starting treatment.

2.5. Adherence: persistence

Most studies on antimuscarinic drugs have a short follow-up period (12 weeks), considering
that adherence in clinical trials is much higher than in routine practice [23].

The adherence rate at 2 years varies from 49 to 84% according to two clinical trials with fes-
oterodine at 8 mg [24, 25]. The principal drugs studied regarding adherence are oxybutynin
and tolterodine. The abandonment rate was very high after 12 months with tolterodine, but
even higher with oxybutynin (68-95%).

Number of studies N Relative risk (95% CI)
Effectiveness
Oxybutynin ER vs. tolterodine 3 947 1.11 (0.94-1.31)
ER
Solifenacin vs. tolterodine ER 1 1177 1.2 (1.08-1.34)
Fesoterodine vs. tolterodine 2 3312 1.1 (1.04-1.16)
Abandonment due to side effects
Solifenacin vs. tolterodine ER 3 2755 1.28 (0.86-1.91)
Fesoterodine vs. tolterodine 4 4440 1.54 (1.21-1.97)

Table 3. Comparison of the effectiveness and abandonment rate due to side effects of the principal antimuscarinic drugs
[13].
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Symptomatic treatment of dry mouth

¢ Drink small sips of water

* Suck on sugar-free hard candies or gum

¢ Avoid mouthwashes with alcohol

¢ Oral lubricants
- Anethole trithione (sialogogue) —one tablet three times per day (50% success rate)
- Bromhexine hydrochloride (sialogogue) —30 drops three times per day (60% success rate)
- Eledoisin (drops)—three drops under tongue when needed

- Artificial saliva—nebulizations when needed (94%)

- Squeezed lemon (sialogogue) —when needed

Table 4. Symptomatic treatment of dry mouth.

Symptomatic treatment of constipation

® Diet rich in fibre and liquids
¢ Fibre supplements

* Regular exercise

¢ Normal intestinal habits

Table 5. Symptomatic treatment of constipation.

The average number of days before the drug is discontinued varies from 30 to 50 days [26]. In
this sense, more than half of all patients will abandon treatment with antimuscarinics within
the first 3 months due to lack of effectiveness, side effects or cost (EL 2).

Several randomized and controlled clinical trials have attempted to identify factors associated
with a lower adherence rate. In this sense, the low level of efficacy (41.3%), adverse effects
(22.4%) and cost (18.7%) [26] is associated with a lower adherence/persistence, along with IR
formulations, age (young people), unrealistic expectations about treatment, gender (male) or
race (Afro-Americans and other minorities).

2.6. Cognitive effects in old age—anticholinergic load

Few studies in the elderly population with OAB are available and they present various limi-
tations including the multi-factorial aetiology of urinary urgency at this age, the presence of
co-morbidities such as cognitive deficit, the effect of concomitant medications or the high risk
of suffering side effects. However, it can be confirmed that all antimuscarinic drugs are effec-
tive in elderly patients (EL 1b).

The evidence is not conclusive regarding the cognitive effects of antimuscarinic drugs
[27]. Few studies specifically study the cognitive changes associated with treatment using
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antimuscarinics; in fact, there are no studies conducted on patients who are vulnerable to
suffering cognitive deficit.

Regarding the primary antimuscarinic drugs used, the effects on the elderly population and
on cognitive function are explained as follows:

* Oxybutynin. There is sufficient evidence to confirm that oxybutynin IR may cause or
worsen cognitive deterioration, although there is no current consensus on this topic (EL 2)
[28-34].

* Tolterodine. No differences in the efficacy or side effects have been reported regarding
age [35-38], although a greater rate of abandonment has been reported in elderly patients
compared with placebo [28]. On the other hand, the post hoc analysis showed a slight
negative effect on cognitive function. That said, there is no evidence that tolterodine causes
deterioration of cognitive function (EL 3).

* Solifenacin. A cluster analysis [33] has shown that treatment with solifenacin does not
increase cognitive function in elderly patients. No pharmacokinetic differences have been
demonstrated between the different age groups, although a greater frequency of side effects
has been observed in patients over 80 years of age, without any cognitive effects identified
in healthy volunteer patients [34]. In patients with moderate cognitive deterioration, over
65 years of age, there were no differences in the efficacy between the different age groups,
with a lower incidence of side effects in comparison with oxybutynin IR [33, 39]. Therefore,
it can be confirmed that solifenacin has not shown to cause deterioration in cognitive func-
tion in elderly patients (EL 1b).

* Fesoterodine. There is no evidence in the comparison of the efficacy and side effects of fes-
oterodine between young and elderly patients. The cluster analysis of the different clinical
trials confirmed the efficacy of fesoterodine at 8 mg but not at a dose of 4 mg in patients
over 75 years of age. Adherence is lower in patients over 75 years of age; however, the
effect on their mental state has not been documented [24, 40, 41]. There are no differences
with the placebo regarding cognitive function in younger elderly patients [42]. Therefore,
fesoterodine has not shown to cause deterioration in cognitive function in elderly patients
(EL 1b).

Currently, extrapolating these data to the general elderly population is a risk. Conducting
prevalence studies based on the community regarding the side effects of antimuscarinics
could be very helpful in the future [43]. When antimuscarinic treatment is started in elderly
patients, it is recommended that their mental function be evaluated objectively and monitored
(GR C) [44]. Nonetheless, there is no consensus regarding which is the best test to evaluate
mental function and detect changes in cognitive function [45, 46]. On the other hand, taking
into account the so-called “anticholinergic load” (GR C) is important in older adults. Drugs
with anticholinergic properties are commonly prescribed for a variety of medical illnesses
[47-50]. It has been estimated that 20-50% of older people have been prescribed at least one
medication with anticholinergic activity [49, 51]. This could be long-term prescribed for con-
ditions such as asthma or to manage the side effects of medicines used to treat psychiatric
disorders [51]. That is why it is important to consider the anticholinergic load before starting a
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treatment with anticholinergic drugs. In this aspect, the list of potentially inappropriate medi-
cations (PIMs) determined by Beers Criteria in collaboration with the American Geriatrics
Society [47] should be considered. These medications cause many problems, which are costly
and often preventable in older adults and lead to poor outcomes. Some anticholinergic drugs,
such as first-generation antihistamines (dexchlorpheniramine, doxylamine and hydroxyzine),
antiparkinson agents (benztropine and trihexyphenidyl) and antispasmodics (scopolamine
and propantheline) are considered to be avoided in this population with moderated quality
of evidence and strong recommendation [47], due to the wide spectrum of central effects such
as the onset of dizziness, sedation, confusion, in addition to increasing delirium, causing a
decline in cognitive and physical function [49-51]. In relation to urological anticholinergic
drugs such as darifenacin, trospium, fesoterodin and solifenacin, these recommendations are
softer, and they are usually associated to peripheral adverse effects such as chronic constipa-
tion, dry mouth, dry eyes, blurred vision and increased heart rate [50]. Nevertheless, it is very
important to estimate the anticholinergic load of each patient, in order to avoid the synergistic
effect of several anticholinergic drugs, related to their tolerance and their well-known side
effects [47]. Furthermore, attention should also be paid when these drugs are combined with
cholinesterase inhibitors, especially in elderly patients [45].

3. B3-agonist: mirabegron

Mirabegron is the first clinical $3-agonist available. The $3-adrenergic receptors are the pre-
dominant p-receptors in the smooth muscle cells of the detrusor muscle and their stimulation
leads to the relaxation of said muscle.

The clinical effectiveness of mirabegron is shown in two systematic revisions [52, 53], which
demonstrate that the doses of 25, 50 and 100 mg reduce episodes of incontinency, episodes of
urgency and urinary frequency in 24 h compared to placebo (EL 1a), with no differences in the
frequency of side effects [52]. The continence rate (dryness) for the placebo is 35-40%, com-
pared to 43-50% with mirabegron. In all of these studies, the significant statistical difference
is observed in relation with improved symptoms, and not resolution (EL 1b). The effective-
ness is similar both in those patients without previous treatment and in those that previously
received treatment with antimuscarinics.

The effectiveness compared with extended release tolterodine 4 mg is practically identical
with a continence rate (dryness) of 43-45% (EL 1b) [54].

The adrenergic side effects are somewhat frequent, without reaching levels of clinical
relevance (EL 1la). The most frequent side effects are hypertension (7.3%), symptoms of
nasopharyngitis (3.4%) and lower urinary tract infections (3%) [52]. No risks have been
demonstrated with the prolongation of the QTc in electrocardiograms (ECGs) [55] nor with
increased intra-ocular pressure [56] observed with the dose of 100 mg. There are no signifi-
cant differences in the rate of side effects depending on the different doses of mirabegron
[54]. However, it is recommended that patients be informed of the possible long-term side
effects, which remain unknown (GR B).
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Evaluation of urodynamic parameters in patients with OAB together with obstructive symp-
toms of bladder voiding concludes that mirabegron (50 or 100 mg) does not negatively affect
said urodynamic voiding parameters compared with the placebo [57].

Regarding adherence, at 12 months, mirabegron presents a rate similar to that of toltero-
dine (5.5 vs. 3.6%, respectively) (EL 1b), although the frequency of dry mouth is signifi-
cantly greater in the tolterodine group [54]. There are no studies published on its use in
elderly patients with OAB.

To summarize, mirabegron seems to provide a similar efficacy as that of the antimuscarinic
drugs with a clearly lower rate of dry mouth and constipation. The low incidence of uncom-
fortable side effects for the patient may make this the drug of choice in patients who have pre-
viously suffered from dry mouth and/or constipation and/or who are currently being treated
with antimuscarinics but are unable to tolerate them [4].

If symptom control is not adequate with antimuscarinic treatment or the side effects are intol-
erable, along with regulating the dose, changing to a different antimuscarinic may be a suit-
able alternative [4]. There are various observational studies on this topic, where unsatisfied
patients treated with oxybutynin [58, 59] and tolterodine [58, 60, 61] showed greater effec-
tiveness and/or greater tolerance with solifenacin [59, 60], fesoterodine [61] or darifenacin
[58]. Also, these patients could also change to a (33-adrenergic receptor antagonist such as
mirabegron, with an efficacy profile similar to that of the antimuscarinic drugs but with less
side effects.

The combination therapy with mirabegron and solifenacin has been evaluated previously [62].
Through a randomized, double-blind, dose-ranging, phase 2 study (called 'SYMPHONY"), it
was observed that different combination therapies, mirabegron 25 and 50 mg and solifenacin
2.5, 5 and 10 mg, show significant improvements over monotherapy, solifenacin 5 mg, in rela-
tion to the mean volume voided, number of micturitions per 24 h, incontinence episodes per
24 h and urgency episodes per 24 h. All treatments were well tolerated and concordant with
the known safety profile of mirabegron and solifenacin monotherapy. No dose-related trends
in blood pressure, pulse rate, post-void residual volume or laboratory or ECG parameters
were observed between groups, although the incidence of constipation was slightly increased
with combination therapy. The lack of supra-additive effects on safety parameters demon-
strated that the mild pharmacokinetic interaction between mirabegron and solifenacin that
was recently described [63] did not appear to be clinically relevant. So, the combination of
mirabegron and solifenacin may provide an attractive therapeutic approach to maximize effi-
cacy and minimize the side effect burden [62].

4. Botulinum toxin

Botulinum toxin is a presynaptic neuromuscular blocker that induces a selective and revers-
ible muscle weakness that lasts up to 6 months. Botulinum toxin exercises its paralysing effect
by inhibiting the release of acetylcholine from the motor nerve to the neuromuscular junction.



Medical and Surgical Treatment for Overactive Bladder
http://dx.doi.org/10.5772/66709

It also decreases the afferent signals from the muscle spindles, which leads to it directly
decreasing nerve activity that produces spasticity [64, 65].

The toxin marketed in Europe is onabotulinum toxin A (onabotA; BOTOX®), which is used at a
dose of 100 IU dissolved in 10 ml of saline solution and injected in 20 spots on the bladder wall
(0.5 ml per puncture site), over the trigone. It is indicated for the treatment of OAB with persis-
tent or refractory urinary urgency in both sexes, in spite of the scarce number of male patients
included in pre-marketing trials [66, 67]. Other doses of onabotA and other formulations of botu-
linum toxin A, abobotulinum toxin A and incobotulinum toxin A, have not been licensed for use
in urinary urgency. Repeated injections are effective, with no decreased efficacy with repeated
treatment (LE 3), but the percentage of patients who abandon treatment is high (EL 2). The most
important side effects include episodes of lower urinary tract infection and increased post-urina-
tion and post-voiding volume that may require the intermittent use of a bladder catheter [68].

By studying the effect of a staggered dose, it has been established that the ideal dose of onab-
otA is 100 IU. The effectiveness of onabotA was shown in two randomized (1:1) phase III tri-
als with a total of 1105 incontinent patients with OAB whose symptoms were not previously
controlled with antimuscarinic treatment. In these studies, at the beginning, the population
had an average of more than five episodes of urgent urinary incontinence (UUI), around 12
urinations per day and a scarce post-voiding volume. Twelve weeks after the endoscopic
injection of onabotA, the episodes of UUI were reduced by half in treated patients, and to
more than two, the number of urinations per day, with a total of 22.9% of patients com-
pletely dry, compared with 6.5% of the group that received injections of saline solution (EL
1a). Also, the patients’ quality of life was substantially improved in the group treated with
onabotA compared to the control group (EL 1a) [69]. On the other hand, the cohort stud-
ies have demonstrated the effectiveness of the injections in the bladder wall of onabotA in
elderly patients [70], although the success rate was lower and the post-voiding volume was
greater (>150 ml) (EL 3).

One recent clinical trial compared the injection of 100 IU of onabotA compared with solifenacin
and showed similar improvement in both groups regarding UUI after 6 months [71]. The patients
who received onabotA were more inclined to resolution of the UUI (27% vs. 13%, p 0.003) (EL 1a),
but with greater rates of urinary retention in the first 2 months (5% vs. 0%) and urinary tract infec-
tion (33% vs. 13%). The patients who received solifenacin were more prone to suffer dry mouth.

In summary, offering endoscopic injections in the bladder wall with onabotulinum toxin A
(100 U) in patients with refractory UUI after treatment with antimuscarinics (GR A) is recom-
mended. The patients should be informed of the limited duration of the response, the risk of
urinary tract infection and the possible need for posterior self-catheterizations (GR A).

5. Sacral nerve stimulation
Nerve stimulation by means of the electrical stimulation of the sacral nerve roots is currently

an accepted therapeutic alternative to treat chronic urinary dysfunction when other more con-
servative options have failed. The development of nerve stimulation techniques has provided
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a more physiologic and functional vision of functional disorders of the lower urinary tract by
enabling the application of electric impulses that modify the behaviour of a specific affected
neuronal system.

According to the Federal Drug Administration (FDA), the indications for sacral nerve stimula-
tion are as follows:

¢ UUIL due to idiopathic, post-surgical non-obstructive hyperactivity bladder overactivity,
associated with faecal incontinence or urethral overactivity.

* Voiding dysfunction, due to lack of contractility of the detrusor muscle, absence of relax-
ation of the pelvic floor or Fowler's syndrome.

¢ Frequency-urgency syndrome associated or not with pelvic pain, sensorial hyperactivity
or chronic cystopathies.

¢ Interstitial cystitis and chronic urinary dysfunction from a neurological cause, spinal cord
lesions, bladder sphincter dyssynergia and stable multiple sclerosis.

Although the mechanism of action of sacral nerve stimulation is yet to be completely estab-
lished, it is known that the stimulation of the sacral nerves regulates the function of the detru-
sor muscle and the external urinary sphincter through the inhibition or disinhibiting of the
ventral inter-neurons, modulating the sacral-pontine reflexes that control urination. This is
regulated through the efferent type A-f- and A-B-somatic myelinated fibres that transmit the
sensorial impulses from the metameres of the S2-54 sacral roots [72-74].

Adequate evaluation of the patient is essential before taking into consideration the use of an
implant to initiate nerve stimulation, with a basic neurourological examination and a uro-
dynamic evaluation including a flowmetry, cystomanometry and electromyography of the
surface of the perineum. This study should be performed before starting treatment, during
the temporary stimulation test and after the definitive insertion of the implant.

The nerve stimulation implant is inserted in two surgical times, with the establishment of
three phases in the initiation of the sacral nerve stimulation:

1. Evaluation of the sacral nerves. The percutaneous insertion is carried out with fluoro-
scopic control using a stimulation electrode in the sacral foramen next to the sacral nerve,
normally in S3. In the past, an electrode that was connected to an external stimuli genera-
tor with a cable was used for 5-7 days. Currently, a tined electrode is used that allows
for a longer test phase as it avoids mobilization of the system itself [75]. At this point, the
integrity of the somatic motor and sensorial fibres of the sacral roots is evaluated. The
motor response in S3 is the contraction of the pelvic floor as well as plantar flexion of the
first toe of the foot. The sensitive response is a tingling sensation in the perineum and
external genitals.

2. Sub-chronic phase or test phase. In this phase, the therapeutic effect of the stimula-
tion is determined through the daily urination of the patient during the stimulation.
The patients who are candidates for the second surgical time for completion of the
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insertion of the pulse generator are those in which the UUI is reduced by more than
50% during the test phase [76]. It has been found that the use of the serrated electrode
in the initial implant increases the number of patients who end up with the definitive
implant (EL 4).

3. Definitive implant. This consists of the percutaneous insertion of an electrode with four
stimulation points that is implanted over the sacrum, fixing it to the periosteum and
connecting it to the impulse generator placed in a subcutaneous pocket in the superior-
external quadrant of the gluteus, or in the lower abdominal region [75]. The intervention
is performed under general anaesthesia using short-acting muscle relaxants to repro-
duce the responses obtained in the evaluation of the sacral roots. The programming is
performed within the first 24 h after the surgery using a telemetric programmer and
selecting the individualized electric stimulation parameters of amplitude, frequency,
pulse length and polarity. Also, the patient is given a hand programmer to activate or
deactivate the generator and adjust the amplitude if needed.

All of the relevant randomized studies are affected by the limitation that neither the evalu-
ators nor the patients were blinded for the active treatment decision, as all of the patients
recruited for the implant had to have responded in the test phase prior to randomization.

Three clinical trials have been published regarding sacral nerve stimulation. One of them
compared the implant with a control group that continued with medical treatment and
delayed the implant by 6 months. Fifty per cent of the patients who were initially implanted
experienced improvement of more than 90% in their UUI after 6 months compared to 1.6% of
the control group [77]. Another clinical trial produced similar results; however, the effect on
quality of life, evaluated using the SF-36 questionnaire, was not conclusive, with differences
between groups in only one of the eight domains [78].

Reviewing a total of 17 studies of a series of cases of patient with UUI treated in the begin-
nings of the use of sacral nerve stimulation [79], we obtained the following results: after a
follow-up period of 1-3 years, approximately 50% of the patients experienced a reduction of
more than 90% in their urinary urgency, 25% showed an improvement of 50-90% and another
25% improved in less than 50%. In studies with a follow-up period of at least 4 years, the con-
tinued effectiveness of the treatment was observed, with an improvement of more than 50%
of the initial symptoms in approximately 50% of the patients and a sustained resolution of
symptoms in 15% (LE 3) [80, 81]. The resolution rate of UUI was 15% [81].

The incidence of adverse effects in relation with the implant is 50% [80, 81]. The most frequent
adverse effect is the presence of pain at the site where the impulse generator is implanted
(15.3%) followed by newly appearing pain (9%) and the migration of the electrode (8.4%) with
the respective stimulation of undesired fibres and lack of effectiveness. These effects require
surgical revision in 33-41% of cases [80, 81].

We can conclude that sacral nerve stimulation is more effective than maintaining conserva-
tive treatment to cure UUI (EL 1b). If available, sacral nerve stimulation should be offered to
patients with UUI refractory to conservative therapies.
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6. Posterior tibial nerve stimulation

Electro-stimulation is included within the conservative therapies used to treat OAB by acting
on the afferent nerves of the pelvic floor. When conducting a systematic review, two clinical
trials compared the action of the electro-stimulation with oxybutynin in patients with UUI,
showing a similar efficacy between the two treatments [82].

Posterior tibial nerve stimulation is performed using a neuromodulator that utilizes the pero-
neal nerve for afferent access to the S3 spinal cord region. The mechanism that makes the
neuromodulation of the bladder-urethra reflexes possible is based on the fact that the nerve
fibres of the posterior tibial region share sensitive inputs with the S3 root. Current indications
include overactive bladder with or without UUI and chronic pelvic pain.

The stimulation can be done in a percutaneous manner with a thin 34 G needle inserted just
below the medial malleolus of the ankle (P-PTNS), although it can also be done in a transcu-
taneous manner (T-PTNS). Adequate stimulation applied using the neuromodulator, regard-
ing the frequency, intensity and length of the impulses, is demonstrated when the big toe
is observed flexing or the remaining toes show extension or flexion. The normal treatment
scheme consists of 12 weekly sessions of 30 min.

Regarding P-PTNS and based on two clinical trials [83, 84], the results in women with refrac-
tory OAB are consistent. The results suggest that this treatment improves UUI in women who
have previously received treatment with antimuscarinics that was not effective or tolerable
(EL 2b) (GR B). However, there is not enough evidence to confirm that P-PTNS cures UUI or
offers a long-term solution for symptoms of OAB as the therapeutic effects dissipate when
the treatment ends. On the other hand, P-PTNS does not seem to be more effective than tolt-
erodine in women (EL 1b) [85]. In men, there is no sufficient evidence to extract conclusions
about its effectiveness.

Regarding T-PTNS, a small clinical trial compared T-PTNS together with standard treatment
(rehabilitation of the pelvic floor and bladder training) with standard treatment used alone in
elderly women. The group that received T-PTNS showed more improvement of symptoms at
the end of treatment [86]. However, the evidence on T-PTNS is limited (EL 2a).

The side effects associated with this technique are infrequent and mild. The most common
include cases of a painful feeling and transitory bleeding or bruising at the puncture site
[87].

In routine clinical practice, finding patients on second-line (drugs) or even third-line treat-
ment (botulinum toxin, PTNS or sacral nerve stimulation) that have not been correctly evalu-
ated before starting said treatment, or that have never tried previous behaviour therapies, is
common. Finding patients who have had little success with pharmacological treatment or
with different combined simultaneous treatments without any clear evidence on the individ-
ual efficacy of each therapy is also common. Patients must be reminded about the importance
of persisting over time with a new treatment (from 4 to 8 weeks if the treatment is pharma-
cological and from 8 to 12 weeks for behavioural therapies) to be able to clearly evaluate the
efficacy and associated side effects before trying another line of treatment [4].
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7. Surgical treatments

Surgical treatment is reserved when all the non-invasive therapies have not been effective.
The first option is usually the augmentation cystoplasty, where a detubularized segment of
bowel is inserted into the bivalved bladder wall. The distal ileum is the bowel segment most
often used but any bowel segment can be used if it has the appropriate mesenteric length
[88]. There are no randomized control trials comparing bladder augmentation to other treat-
ments for patients with OAB. Most often, bladder augmentation is used to correct neurogenic
OAB or small-capacity, low-compliant, bladders caused by fibrosis, tuberculosis, radiation
or chronic infection. The largest case series of bladder augmentation in a mixed population
of idiopathic and neurogenic OAB included 51 women [89], where only 53% were continent
and satisfied with the surgery, whereas 25% had occasional leaks and 18% continued to have
disabling OAB. It seems that the results for patients with idiopathic OAB (58%) seemed to
be less satisfactory than for patients with neurogenic OAB (90%). Adverse effects were com-
mon and many patients may require clean intermittent self-catheterization to obtain adequate
bladder emptying.

Another option is the detrusor myectomy. This technique aims to increase bladder capac-
ity and reduce storage pressures by incising or excising a portion of the detrusor muscle, to
create a pseudodiverticulum. Two case series [90, 91], in adult patients with idiopathic and
neurogenic bladder dysfunction demonstrated poor long-term results caused by fibrosis of
this pseudodiverticulum. This technique is rarely used nowadays.

As the last alternative, urinary diversion remains a reconstructive option for patients who
decline repeated surgery for OAB. However, there are no studies that have specifically exam-
ined this technique in the treatment of non-neurogenic OAB [88].

8. Future directions

Recently, studies have been conducted to find a biomarker for OAB to broaden the patho-
physiological understanding of OAB. The biomarkers studied till today's date are the nerve
growth factor [92], the corticotropin-releasing factor [93], the prostaglandins [94] and inflam-
matory factors such as the C-reactive protein [95]. Another approach is to use high-yield DNA
array profiles to identify the expression of specific genes involved in OAB [96]; however, this
approach is not directed and may offer too many non-specific candidate biomarkers.

The sensorial or bladder and urethral input markers have also been studied using various
methods. It remains unknown whether an ideal sensorial test for the lower urinary tract
would have a clinical impact on the evaluation and management of OAB [97-99]. A recent
review highlights the importance of the interaction of the bladder urothelium, the sub-uro-
thelium and the interstitial cells with afferent sensorial fibres [100]. The urothelium is defined
as a cellular compartment for sensorial transduction with urothelial cells capable of releasing
and responding to specific neurotransmitters, and communicating with the afferent nerve
endings inside of the urothelium [101]. The compartments of the sub-urothelium and the
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detrusor muscle seem to contain pacemaker-like cells, similar to the intestinal interstitial cells
of Cajal, that modulate bladder contractility, rhythmicity and overactivity [102].

Both lines of research related with the basic science and translational research, once developed,
will provide a greater understanding of the pathophysiological mechanisms of OAB, which
would be of great help to find new therapeutic targets for the treatment of OAB syndrome.
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