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Foreword

The significant prevalence and adverse impact on the quality of life of overactive
bladder (OAB) is fairly well-defined. Clinicians—not just urologists or urogyne-
cologists—of diverse backgrounds are often challenged by these patients. For
decades, treatment relied on behavioral techniques and antimuscarinc monotherapy.
However, there have been promising advancements in treatment, with expanding
pharmacotherapeutic options along with onobotulinumtoxinA and neuromodula-
tion. These advancements are promising, yet it is challenging to remain well-versed
and to correlate these developments with the care of our patients. In addition, our
patients are becoming more proactive and are demanding optimal therapies.

Clinical guidelines are available for reference; however, a contemporary back-
ground on the pathophysiology, diagnosis, and pharmacology is lacking. For anyone
involved in the care of these patients, Contemporary Pharmacology for Overactive
Bladder will be an extremely valuable resource. Lindsey Cox and Eric S. Rovner,
widely recognized authorities in this field, have put together a very thoughtful, con-
cise, and comprehensive overview. This text, with contributions from many of the
internationally recognized thought leaders in the diagnosis and management of
OAB, starts with a timely review of the pathophysiology and diagnosis of OAB. This
is followed by unique insights into patient expectations, outcome measures, as well
as OAB nuances in select patient populations. It has been quite some time since I
have read such an extensive review of pharmacotherapy for OAB. These chapters
are highly valuable for anyone involved in OAB treatment. Great effort is taken to
describe each drug class and associated pathophysiology. Combination therapy as
well as future therapies are presented in a manner that illustrates the potential roles
in the treatment of these often complex patients. This book will undoubtedly advance
the knowledge of all medical professionals caring for OAB.

The editors of this book are to be congratulated for providing us with a highly
relevant text that will serve as a frequently read reference in the pharmacotherapy of
OAB. This text is without question “one for the bookcase.”

New Orleans, LA, USA J. Christian Winters
June 3, 2018



Preface

For decades, oral pharmacotherapy for urinary urgency, frequency and urgency uri-
nary incontinence (overactive bladder, or OAB) consisted primarily of antimusca-
rinic compounds such as oxybutynin. However, since the mid 1990s, the
understanding of the basic science, physiology, and pharmacology of OAB has
greatly evolved. Improved drug delivery systems, as well as better characterized
receptors, neurotransmitters, and neural pathways have led to a vast array of novel
options for treatment of this highly prevalent and bothersome condition. Indeed, the
number of pharmacological agents has rapidly expanded. Most notably, this includes
a number of unique antimuscarinic agents as well as an entirely new class of thera-
peutic agents for OAB termed P3-agonists. Furthermore, several other oral and
intravesical compounds are in development with additional novel mechanisms of
delivery and action.

Not surprisingly, given these rapid changes, several national and international
organizations have recently published guidelines and/or clinical pathways for the
management of OAB, including the American Urological Association; the Society
of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction; the
European Association of Urology; and the National Institute for Health and Care
Excellence (UK). Furthermore, the 6th International Consultation on Incontinence
has recently updated the evidence basis for many of the currently available treat-
ments. Nevertheless, a thorough review of the contemporary options and specific
application of these agents for the clinician is lacking.

Contemporary Pharmacotherapy for Overactive Bladder is a comprehensive,
state-of-the art review of the field of drug therapy for OAB. All of the chapters are
written by acknowledged experts in OAB and include the most up-to-date scientific
and clinical information. The goal of this work is to serve as a valuable resource for
clinicians, surgeons, and researchers with an interest in OAB.

Charleston, SC, USA Lindsey Cox
Charleston, SC, USA Eric S. Rovner
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Chapter 1
Pathophysiology of Overactive Bladder

Check for
updates

Marcio Augusto Averbeck and Howard B. Goldman

Introduction

Overactive bladder (OAB) syndrome is defined by the International Continence
Society as urinary urgency, usually accompanied by frequency and nocturia, with or
without urgency urinary incontinence (UUI), in the absence of urinary tract infec-
tion or other obvious pathologies [1]. OAB affects individuals of both genders and
of all ages, imposing a detrimental impact on quality of life [2]. Despite the negative
burden and the relevance of OAB in clinical practice, its underlying pathophysiol-
ogy is not yet fully understood, which complicates the development of targeted
therapeutic interventions.

OAB symptoms are commonly attributed to involuntary bladder muscle contrac-
tions known as detrusor overactivity (DO). However, DO is only observed in
approximately 58% of women with reported UUI [3]. Thus, the link between OAB
symptoms and DO represents a simplistic way to understand the pathophysiological
mechanisms, which are usually multifactorial.

Various theories have been proposed to elucidate the pathophysiology of
OAB. However, since the origin of OAB is often multifactorial, there is not a
unique and widely accepted pathophysiological mechanism to explain this
syndrome.

M. A. Averbeck (D<)
Neuro-Urology Coordinator, Videourodynamics Unit, Department of Urology, Moinhos de
Vento Hospital, Porto Alegre, Brazil

H. B. Goldman
Glickman Urologic and Kidney Institute, Cleveland Clinic, Cleveland, OH, USA
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Pathophysiological Mechanisms Related to OAB Symptoms

Table 1.1 lists a number of distinct theories to explain the pathophysiology of
OAB [4-10].

Dysfunction of Afferent Signaling in OAB

OAB may be a result of increased, abnormal afferent sensory activity, resulting in
increased efferent signaling. Consequently, voluntary control of micturition is com-
promised [4]. Small myelinated (Ad) and unmyelinated (C-fiber) axons (responsive
to chemical and mechanical stimuli) represent the primary afferent innervation of
the urinary bladder [11]. Pathological conditions may alter the chemical and electri-
cal properties of bladder afferent pathways, leading to urgency, increased voiding
frequency, nocturia, UUI, and pain.

The urothelium plays a role as an active source of neurotransmitters and modula-
tors such as acetylcholine (ACh), adenosine 5’-triphosphate (ATP), nitric oxide,
prostaglandins, and neuropeptides. They exert both excitatory and inhibitory effects
toward modulating urinary tract motility [12]. Stenqvist et al. demonstrated that
ATP induces a release of urothelial ACh that contributes to the purinergic contractile
response in the rat urinary bladder [13]. This observation may also help in the
understanding of OAB pathophysiology.

In the setting of bladder outlet obstruction, plasticity of bladder afferent fibers
likely plays a critical role in the subsequent manifestation of OAB symptoms [11].
Evidence obtained from ice water cystometry, which elicits a C-fiber-dependent
spinal micturition reflex, suggests considerable C-fiber upregulation in symptom-
atic subjects with bladder outlet obstruction. Chai et al. [14] prospectively studied
111 consecutive patients who underwent videourodynamics. Symptoms of urgency,
UUI, nocturia and daytime frequency, as well as the presence of neurological dis-
ease were obtained from history and physical examination. When patients with neu-
rological disease were excluded, a positive ice water test was found in 71% of
subjects with bladder outlet obstruction (12 of 17), which was significantly higher
(p < 0.0005, Yates corrected chi-square test) than the 7% positive ice water test rate

Table 1.1 Hypothesized etiologies of Afferent signaling dysfunction
overactive bladder

Altered brain responses

Myogenic dysfunction

Neurogenic-myogenic dysfunction

Urothelial dysfunction
Classic neurogenic — loss of inhibition

Microbiome alterations

Psychologic or environmental etiologies
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in nonobstructed subjects (3 of 44) [14]. These results support the hypothesis of an
enhanced spinal micturition reflex possibly due to plasticity of bladder afferents
after bladder outlet obstruction.

Altered Brain Responses

It has been demonstrated that OAB patients may demonstrate abnormal brain
responses in areas processing urge and social propriety [5, 6]. Diminished responses
in areas responsible for voluntary voiding have also been previously described.
According to functional magnetic resonance imaging (f-MRI) studies, poor bladder
control is specifically associated with inadequate activation of the orbitofrontal cor-
tex. More recently, Gill et al. [15] performed f-MRI to identify changes in brain
activity during sacral neuromodulation (SNM) in women with OAB who were
responsive to therapy. Sensory stimulation activated the insula but deactivated the
medial and superior parietal lobes. Suprasensory stimulation activated multiple
structures and the expected S3 somatosensory region. f-MRI confirmed that SNM
influences brain activity in women with OAB who responded to therapy [15].

Myogenic Theory

The myogenic theory proposed that detrusor smooth muscle itself becomes more
spontaneously active and generates abnormal excitatory rhythms, which reflects
fundamental changes to detrusor muscle excitation-contraction coupling [16].

Localized movements of the urinary bladder, known as “micromotions,” were
described initially in animal models [17]. In the normal bladder, they are low-
amplitude contractions with minimal effect on intravesical pressure and are unde-
tected by standard urodynamic techniques. The origin of micromotions and their
association with urinary tract sensations remain unanswered. However, some postu-
late that specific areas of the bladder which may be damaged generate aberrant
activity, ultimately causing abnormal sensations or contractions [16]. Although dif-
ferent patterns of micromotions have already been previously described, their initia-
tion and propagation are still not fully understood. Sadananda et al. developed a
decerebrate arterially perfused rat model and demonstrated that bladder micromo-
tions are more evident when the neuraxis becomes nonfunctional. Thus, neural
modulation is possible [18].

Fry et al. proposed that bladder smooth muscle should not be regarded solely as
a collection of independent cellular contractile units that are each activated by sepa-
rate neural inputs, but also as a syncytium of cells; individual detrusor cells possess
membrane properties that may lead to spontaneous activity fluctuations, which can
affect adjacent cells and, thus, produce multicellular aberrant responses [19].
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A better understanding of bladder wall micromotions in humans and its relation-
ship to OAB relies on improvements of pressure and motion measurement tech-
niques to allow routine recording of such subclinical events during urodynamics.
Future research may also include changes to ionic channel activity in cells or tissue
from OAB patients [16].

Neurogenic-Myogenic Theory

Partial denervation alters smooth muscle properties, which may result in increased
excitability, coordinated myogenic contractions, and increased bladder pressure [7].

Conversely, “leakage” of ACh from parasympathetic nerves during bladder fill-
ing may be related to activation of detrusor bundles and afferent signaling [8, 9].
Kanai et al. examined the origin of spontaneous activity in neonatal and adult rat
bladders and hypothesized that ACh that is released from the urothelium during
bladder filling could enhance spontaneous activity [20].

Drake et al. carried out an observational study to establish whether localized
activity arose in the normal human bladder, and whether it would correspond to
changes in reported sensation [9]. Fourteen women presenting with increased blad-
der sensation during filling-phase cystometry were compared with six asymptom-
atic women volunteers. Localized bladder activity was assessed by the micromotion
detection (MMD) method, using eight electrodes mounted on a Silastic balloon;
local displacements of the electrodes were recorded as changes in electrical resis-
tance, which were used to compute changes in the distance between each pair of
electrodes. Women with increased sensation on filling cystometry had a signifi-
cantly higher prevalence of localized activity than did the control group during
MMD recording. The localized activity was more sustained and at a higher fre-
quency than in asymptomatic women. All nine women reporting urinary urgency
during MMD recording had localized contractile activity. The authors concluded
that localized distortion of the bladder wall stimulates afferent activity and that the
human detrusor may be functionally modular [9].

Urothelial Theory

The urothelium is no longer regarded as a silent barrier protecting the body from the
toxic effects of urine, but instead produces a number of compounds that are related
to cell signaling events, acting in an autocrine and paracrine manner [10, 21, 22].

Distension of the bladder wall stretches the urothelium, releasing adenosine
5'-triphosphate (ATP) and other substances such as ACh and nitric oxide [23-25].
ATP is linked to the activation of afferent signaling, whereas the role of ACh and
nitric oxide is not fully understood [26]. Additionally, several subgroups of intersti-
tial cells are located within the bladder wall and make structural interactions with
nerves and smooth muscle, indicating integration with intercellular communication
and key physiological functions [27, 28].
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The main implication of the urothelial autocrine and paracrine function is related
to lower urinary tract dysfunction. Sun et al. studied patients with painful bladder
syndrome (PBS), demonstrating the link between urothelial ATP and increased sensi-
tivity of the afferent nerve terminals [29]. Another example is the Ach effect on affer-
ent muscarinic receptors, which is an important target for the treatment of OAB [30].

Classic Neurogenic: Lack of Central Inhibition

Small-vessel disease of the brain affecting the deep white matter has been classi-
cally associated with neurological syndromes, such as vascular dementia and vas-
cular parkinsonism [31]. Nevertheless, there is increasing evidence to suggest that
deep white matter disease (WMD), mostly in the prefrontal area of the brain, could
also result in UUI and other OAB symptoms. Sakakibara et al. investigated 63
patients (mean age 73 years) with varying degrees of cerebral WMD. All patients
underwent MRI, which allowed WMD grading on a scale of 0—4. The prevalence
of nocturia in cases of grade 1 WMD was 60%; grade 2 was 58%; grade 3 was
93%; and grade 4 was 91%, respectively. The overall prevalence of nocturia was
75%, which was an earlier OAB feature than UUI (40%). The authors highlighted
the fact that OAB was not always accompanied by a gait disorder or dementia,
suggesting that OAB symptoms might be the first clinical manifestation of the
observed WMD [32].

Once the pattern of LUT dysfunction following neurological disease is deter-
mined by the site and nature of the lesion, the occurrence of DO following cerebro-
vascular accident (CVA), multiple sclerosis, and suprasacral spinal cord injuries
provides further evidence to support the classic neurogenic theory related to loss of
inhibition due to damage to inhibitory centers or the nerves that transmit the inhibi-
tory messages [33].

Microbiome Theory

Recent evidence suggests that the urinary tract harbors a variety of bacterial species,
known collectively as the urinary microbiome, even when clinical cultures are nega-
tive [34]. Changes in the microbiome of the bladder may induce changes in sensitiv-
ity and/or responsiveness of urothelium and smooth muscle in the bladder.

Karstens et al. [34] prospectively studied the characteristics of the urinary micro-
biome in women with and without UUL. In order to characterize the resident micro-
bial community, the bacterial 16S rRNA genes were amplified by polymerase chain
reaction (PCR). The authors found that the relative abundance of 14 bacteria
significantly differed between control and UUI samples. Additionally, an increase in
UUI symptom severity was associated with a decrease in microbial diversity in
women with UUIL. According to this study, the urinary microbiome may play an
important role in the pathophysiology of UUI, and the loss of microbial diversity
may be associated with clinical severity of symptoms.
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Psychological and Environmental Factors

OAB symptoms have long been associated with comorbid conditions such as anxi-
ety and depression [35]. Melotti et al. [36] performed a systematic review and meta-
analysis to assess the relationship between symptoms of depression, anxiety, and
OAB using validated instruments. Eleven articles, containing 11,784 participants
with depression and 10,436 with anxiety, were included in this review. Depression
and anxiety were positively correlated with OAB. Men with OAB were consider-
ably more likely than women to have anxiety (odds ratio [37], 1.56; 95% confidence
interval [CI], 1.40—1.73), but there was no sex-related difference in depression (OR,
0.96; 95% CI, 0.77-1.21).

Dietary factors have long being associated with the development or worsening of
OAB symptoms. Robinson et al. performed a literature review to investigate the
association between OAB and specific dietary factors, such as consumption of caf-
feine, alcohol, and carbonated drinks [38]. The authors concluded that there is some
evidence within the literature to support a role of these factors in the pathogenesis of
OAB and UUL Caffeine is reported to activate nonselective cation channels in rat
primary sensory neurons indicated to be TRPV1 [39]. There have been many reported
studies investigating the effect of caffeine on OAB symptoms although, overall, the
results are conflicting [38, 40—42]. Evidence from the Leicester Medical Research
Council (MRC) study has shown an association between consumption of carbonated
soft drinks with OAB symptoms (OR, 1.62; 95%CI, 1.18-2.22) [43]. Concerning
alcohol consumption, the Boston Area Community Health Survey of 3201 women
suggested a link with UUI (OR, 3.51; 95% CI, 1.11-11.1) [37]. Conversely, there
was no association found in the Norwegian EPINCONT study [40].

While some of the findings tend to be contradictory, others clearly show an asso-
ciation between the ingestion of caffeine, carbonated drinks, and alcohol with
symptom severity. However, in view of the controversial evidence, more research is
needed to determine the precise role of these factors in the pathogenesis and man-
agement of OAB [38].

How Does Neuromodulation Help Us
to Understand the Origin of OAB?

The goal of SNM is to modulate abnormal sensations and involuntary reflexes of the
lower urinary tract and restore voluntary control. The therapeutic benefits of SNM
in patients with refractory OAB may arise from the effects of electrical stimulation
on afferent and efferent nerve fibers connecting the pelvic viscera and the spinal
interneurons to the central nerve system (CNS). SNM influences sacral afferents
and modulates spinal cord reflexes and brain centers involved in lower urinary tract
function [44]. From this perspective, it may be that patients whose neural system is
not intact may not be ideal candidates for this therapy [45].
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The neurostimulator provides an electrical charge to an area near the sacral
nerve, resulting in altered neural activity. This stimulation depolarizes the nerve,
causing an action potential. The signal propagates impulses along the axon as if the
neuron had naturally fired an action potential. SNM electrically stimulates somatic
afferent nerves in a sacral spinal root and sends signals to the CNS that may restore
normal bladder function. Activation of somatic afferent nerves inhibits bladder sen-
sory pathways and reflex bladder hyperactivity [4]. Unlike other therapies that tar-
get the bladder, bladder regulation occurs without physically influencing the bladder
or sphincter muscles [46, 47]. The carry-over effect could be caused by negative
modulation of excitatory synapses in the central micturition reflex pathway [46].
The fact that nerve stimulation modulates bladder function supports many of the
hypotheses noted above that involve aberrant neural function as an etiology of OAB.

Evidence in the cat model suggests the inhibition of bladder activity occurs pri-
marily in the CNS by inhibition of the ascending or descending pathways of the
spinobulbospinal micturition reflex [48]. Still, according to experimental models,
SNM delivers stimulation that is parameter dependent [49-51]. The inhibitory
effects on bladder contraction may be mediated by both afferent and efferent mech-
anisms. Lower intensities of stimulation may activate large, fast-conducting fibers
and actions through the afferent limb of the micturition reflex arc in SNM. Higher
intensities may additionally act through the efferent limb [49].

Snellings et al. [50] studied the effects of acute electrical stimulation frequency
and amplitude at the dorsal nerve of the penis (DNP), pudendal nerve (PN), and S1
sacral nerve (S1) on isovolumetric reflex bladder contractions and maximum cysto-
metric capacity in anesthetized male cats. There was no significant difference in the
maximum degree to which the respective optimum parameters inhibited bladder
contractions or increased cystometric capacity by location. However, the range of
amplitudes and frequencies that caused maximum inhibition was larger for DNP
stimulation than for PN or S1 stimulation [50].

Peters et al. [51] studied three rate-setting sequences in OAB female patients
undergoing SNM: 5.2, 14, and 25 Hz. Rate significantly affected the number of
incontinence episodes and pad changes per day. Rate had a statistically significant
effect on the number of incontinent episodes (P < 0.001) and number of pad changes
(P = 0.039) with more incontinent episodes in the 5.2-Hz setting compared to the
14- and 25-Hz settings (P < 0.04) for both measurements. The number of adverse
events was similar across the three rate settings with programming-related adverse
events lowest in the 14-Hz group [51].

How Does Botulinum Toxin Help Us to
Understand the Origin of OAB?

Botulinum toxin (BT) is potent neurotoxin produced from a gram-positive anaero-
bic bacterium [52]. Seven serotypes of BT have been identified, but only types A
and B are used for medical purposes [53].
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Intradetrusor BT injections for the treatment of neurogenic detrusor overactivity
(NDO) were first described by Schurch et al., who reported the promising results in
spinal cord-injured patients [54]. Since then a large number of clinical studies have
been published, attesting to the efficacy and safety of BT injections in the bladder
of patients with both neurogenic and idiopathic DO [55, 56]. BT injections into the
bladder wall have been shown to be an effective alternative to antimuscarinics and
more invasive surgery in those patients with multiple sclerosis and spinal cord injury
with NDO and UUI. In August 2011, Botox® (onabotulinumtoxinA) received Food
and Drug Administration (FDA) approval for this use [57].

Efferent System

Once depolarization of the presynaptic neuron occurs, the ACh vesicles fuse with
the plasma membrane causing calcium influx and membrane depolarization, result-
ing in the release (exocytosis) of the ACh transmitter molecules into the synaptic
cleft. The ACh then diffuses across the synaptic cleft and binds to and stimulates the
postsynaptic ACh receptors. This phenomenon is essential for normal contraction of
the detrusor, which is modulated by the autonomic parasympathetic nervous system
[58].

BT disrupts the proteins that form the “soluble N-ethylmaleimide-sensitive fac-
tor attachment protein receptor” complex (SNARE) located at the presynaptic nerve
terminal. This prevents the synaptic vesicles from attaching to the SNARE complex
so that there is no membrane depolarization or exocytosis of the ACh from the pre-
synaptic nerve terminal. Thus, BT inhibits detrusor overactivity by reducing the
bioavailability of ACh in the neuromuscular junctions of the bladder [59].

Afferent System

The rationale for the success of intradetrusor BT injections in patients with OAB
was initially thought to be solely related to blockage of presynaptic release of ACh
from the parasympathetic efferent nerve. However, once refractory idiopathic OAB
patients without detrusor overactivity on urodynamics were shown to also benefit
from intradetrusor BT [60], it was postulated that the efficacy of intradetrusor BT
might result not only from an inhibitory effect on detrusor muscle but also from
inhibition of the afferent nerve input.

Khera et al. showed that BT inhibited the bladder sensory mechanisms in chronic
spinal cord-injured rats [61]. Further studies evaluated the urothelial release of
nerve growth factor (NGF) in rats [62]. Higher concentrations of NGF were demon-
strated in those with DO compared to those without DO. However, following the
administration of BT, NGF was found to significantly decrease [63].
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Apostolidis et al. investigated potential effects of BT on human bladder afferent
mechanisms by studying the sensory receptors P2X3 and TRPV1 in biopsies from
patients with neurogenic or idiopathic DO [64]. Thirty-eight patients (22 with NDO,
16 with idiopathic DO) with refractory DO were treated with intradetrusor BT, and
bladder biopsies were taken at 4 and 16 weeks. Specimens were studied immuno-
histochemically for P2X3 and TRPV1. P2X3-immunoreactive and TRPVI-
immunoreactive (IR) fibers were decreased at 4 weeks after BT, and more
significantly at 16 weeks (paired t test P = 0.0004 and P = 0.0008, respectively),
when significant improvements were observed in clinical and urodynamic parame-
ters. P2X3-IR fiber decrease was significantly correlated with reduction of urgency
episodes at 4 and 16 weeks (P = 0.0013 at 4 weeks and P = 0.02 at 16 weeks), but
not maximum cystometric capacity or detrusor pressures. TRPV1-IR fiber decrease
showed a similar trend. The authors concluded that decreased levels of sensory
receptors P2X3 and/or TRPV1 may contribute to the clinical effect of BoNT/A in
detrusor overactivity.

While the exact mechanisms whereby BT affects the afferent system are not
completely understood, there is increasing evidence both in animal and human stud-
ies that this occurs [57]. These actions of BT give us further insights into the overall
pathophysiology of OAB.

Conclusions

OAB pathophysiological mechanisms are complex and multifactorial. A number of
theories that explain the origin of OAB symptoms have been discussed above. In all
likelihood there is not one single mechanism by which OAB occurs, but it is likely
the ultimate symptomatic expression of one of any number of specific pathologies
involving aberrant brain function, damaged nerves, alterations in the urothelium or
detrusor muscle, or various bacteriologic, psychologic, or environmental factors.
Ongoing research should provide further answers as to the underlying causes of
OAB. Furthermore, examination of the mechanism of action of therapies that have
helped treat the symptoms of OAB may allow for a better understanding and ulti-
mately more opportunity for effective treatment of OAB.
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Chapter 2
Diagnosis of Overactive Bladder

Eric S. Rovner and Jennifer Rolef

Overactive bladder (OAB) is a highly prevalent disorder impacting millions of peo-
ple’s lives throughout the world [1]. Despite prevalence estimates in men and
women of 17% in the United States (National Overactive Bladder Evaluation Study)
and 12-17% in six European nations, overactive bladder syndrome remains under-
diagnosed and undertreated [2]. Over the last few decades, several changes in termi-
nology and advances in therapy for this condition have occurred. Because of these
developments, considerable confusion exists within, and outside, the medical com-
munity with respect to the diagnosis of this burdensome condition. In order to opti-
mize the identification and subsequent diagnosis of individuals who may suffer
from OAB, it is important to fully understand the current definition of the term.
The exact origin of the term “overactive bladder” is unknown, but nevertheless,
it became widely utilized and popularized in the medical lexicon in the latter half of
the 1990s. It is interesting that although much controversy was engendered by the
use of the phrase “overactive bladder,” this exact term was never actually defined or
described by the International Continence Society (ICS) in prior terminology
reports until 2001. The term overactive detrusor function (generally shortened to
overactive detrusor) does appear [3] in the lexicon as a finding on urodynamic test-
ing. This term is defined by the occurrence of involuntary detrusor contractions
during the filling phase of cystometry, which may be spontaneous or provoked.
Thus, overactive detrusor function and the terms which correctly or incorrectly
have been used as substitutes (overactive detrusor, detrusor overactivity, and, even-
tually, overactive bladder) were all urodynamic terms and were utilized to describe
abnormalities of detrusor function during filling cystometry. Thus, a urodynamic
study was required to describe the finding of detrusor overactivity, which, in turn
then, provided the patient with a de facto diagnosis of overactive bladder despite the
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fact that the term did not yet exist in the urologic literature. The limitations of this
model have been recognized by several authors [4]. It was apparent that the require-
ment of urodynamics in making the diagnosis placed an undue burden on the prac-
ticing physician, the patient, and the healthcare system in general. In addition, the
term overactive bladder would need to be formally defined.

Several important ICS reports were subsequently published including a report
on the Standardization of Terminology of Lower Urinary Tract Symptoms in
2002 [3].The definitions and descriptions were meant to restate or update those
presented in previous ICS Standardization of Terminology reports [5]. Among
other important changes and updates, this report addressed the definition and use
of the term “overactive bladder” and classified it as a type of syndrome. According
to this document, syndromes “describe constellations or varying combinations of
symptoms but cannot be used for precise diagnosis...[syndromes] are functional
abnormalities for which a precise cause has not been defined” [3]. Overactive
bladder syndrome, or urgency-frequency syndrome, is thus defined as “urgency
with or without urge incontinence, usually with frequency and nocturia.” In
2010, the ICS together with the International Urogynecological Association
(IUGA) restated this definition in their most recent joint report on the terminol-
ogy for pelvic floor dysfunction [6]. The goal of this report was to better update
terminology of the lower urinary tract by a “female-specific approach.”
Nevertheless, for the overactive bladder syndrome, the definition remained
unchanged. It is important to recognize that while these symptoms are suggestive
of detrusor overactivity, a urodynamic demonstration of detrusor overactivity is
not necessary to make the diagnosis. Furthermore, the definition allows that a
variety of other conditions of urethro-vesical dysfunction may result in a similar
symptom complex.

Within the framework of this definition of OAB, it is important to emphasize
that the use of the term overactive bladder is necessarily restricted to those situ-
ations in which local pathology, such as infection, and malignancy have been
excluded. A large number of clinical conditions, both commonly encountered
and rarely seen, can present with symptoms suggestive of OAB (Table 2.1). The
goal of the practitioner in the evaluation of OAB should be to assess the indi-
vidual for the presence of symptoms suggestive of OAB and then be able to
comfortably, confidently, and accurately exclude the coexistence of most of these
conditions. Fortunately, a well-done and complete medical history consistent
with OAB, a normal physical examination, and an unremarkable urine analysis
will usually be adequate to exclude many of these conditions and arrive at the
proper diagnosis. The diagnosis of OAB is usually not difficult; however, in
appropriate cases, the use of additional selected, adjunctive studies may be help-
ful as described below.

In this chapter, we will discuss the usual diagnostic evaluation of the patient with
suspected OAB and briefly review some of the adjunctive studies that may be indi-
cated in selected cases. The evaluation of an individual with suspected OAB should
be simple, rapid, and accurate, in order to initiate effective therapy and alleviate the
symptoms associated with the condition.
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Table 2.1 Differential Excessive fluid intake
diagnosis of OAB

Urinary retention (overflow)

Bacterial cystitis

Prostatitis

Radiation cystitis

Sexually transmitted disease (GC, chlamydia, etc.)

Interstitial cystitis, sensory urgency syndromes

Bladder cancer

Bladder stones

Pelvic mass (GI, GU, GYN, vascular aneurysm, etc.)

Gynecological problem

Vaginitis, endometriosis, malignancy, etc.

Postmenopausal atrophic vaginitis

Vaginal prolapse: cystocele, rectocele, etc.

Severe stress urinary incontinence

Medical illnesses producing fluid shifts: CHF, cirrhosis, etc.

Drugs (e.g., diuretics)
Other

OAB overactive bladder, GC gonococcus, GI gastrointestinal, GU
genitourinary, Gyn gynecological

History

Symptom Assessment

As noted in the definition discussed above, OAB is a symptomatic diagnosis.
Therefore, a proper symptom assessment, both qualitatively and quantitatively, is of
paramount importance. Urgency is the primary symptom of OAB, and as such it is
important to define [7]. The ICS defines urgency as a “sudden compelling desire to
void that is difficult to defer,” differentiated from the term urge, which is a normal
feeling during bladder filling [6]. Urgency is the primary driver of OAB and leads
to the typical symptoms including urinary frequency, nocturia, and, if the urgency
cannot be suppressed, urinary urge incontinence [8]. According to the ICS, urinary
frequency is a complaint of micturition occurring more frequently during the day-
time hours. Nocturia is simply waking to urinate during sleep hours, and only one
interruption of sleep is needed to qualify. Urinary incontinence occurring shortly
after, or in concert with the sensation of impending leakage, is called urgency incon-
tinence. Urinary incontinence is present in approximately one-third of patient with
OAB and is termed “OAB wet” [7].

Frequency and nocturia can be assessed by patient report or voiding diaries (dis-
cussed below). Patient self-report of voiding frequency is quite variable, subject to
considerable recall bias, and thus not generally considered highly reliable [9].
Normative values for 24-h urinary frequency are not universally agreed upon.
Urinary frequency is obviously dependent on a number of variables including, but
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not limited to, volume intake (total fluid intake, etc.), insensible losses due to sweat-
ing and respiration, climate factors (ambient humidity, etc.), as well as the func-
tional bladder capacity. Generally, urinary frequency of >8 episodes/24 h is
considered consistent with a diagnosis of OAB and represents the threshold for
inclusion into many OAB pharmacotherapy studies. The complaint of urgency is
inherently subjective in nature and, therefore, particularly difficult to capture when
evaluating patients. It is unclear whether the severity or magnitude of each episode
of urgency is important or whether the total number of episodes of urgency is impor-
tant. Urgency episodes can be quantified by patient report or by voiding diaries and
are thus subject to the same limitations as quantifying frequency. Various urgency
severity scales have been developed and validated [10-12]. Their role in assisting
with the diagnosis of OAB is unknown.

In addition to assessing symptoms, a detailed past medical, gynecological, and sur-
gical history should be obtained, specifically looking for possible causes of the patient’s
symptoms. The patient should be asked if he/she has a history of sexually transmitted
diseases and vaginal or urethral discharge. The patient’s menstrual history and bowel
habits should be reviewed as it has been well established that bowel and bladder dys-
functions are intimately related. In men with constipation reporting three or fewer
bowel movements weekly, for example, there is a significantly increased prevalence of
LUTS [13]. The patient’s medications, both prescription and over the counter, should
be assessed as potential causes for his/her symptoms as many classes of medications
can have wide-ranging and well-documented collateral effects on lower urinary tract
function. The review of systems should concentrate on factors potentially related to
etiology (e.g., neurologic, metabolic, medication(s)) or related diagnoses. A history of
diabetes, neurologic disease, excess fluid intake, and prior pelvic/abdominal surgery
are just some of the factors that should be specifically queried.

As noted previously, a number of conditions may contribute to or simulate the
overactive bladder, and a careful history will allow the practitioner to begin to dif-
ferentiate among the possibilities. For example, patients with stress incontinence
may present with many of the symptoms of OAB in that they may void frequently
in an attempt to avoid leakage, a behavior that is termed “defensive voiding.” A
careful history with special emphasis on onset, progression/regression, and response/
non-response to treatments is valuable. The use of a diagnostic aid is sometimes
helpful, in order to distinguish between the symptoms of OAB and stress inconti-
nence (Table 2.2) [14]. However, it is important to realize that these two conditions
often coexist.

Questionnaires

When assessing patient symptoms, it is important to remember that individuals
experience different symptoms to varying degrees, which poses difficulties in accu-
rately characterizing the condition and measuring the effect of treatment. There
exist a wide variety of validated questionnaires for the study of voiding dysfunction,
and there is some low-level evidence that the use of these questionnaires may help
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in the screening for or categorization of the syndrome [15]. Questionnaires utilized
for OAB may be used both clinically and in the research arena for screening, symp-
tom assessment, and disease impact or as a measure of health-related quality of life.
The majority of instruments currently utilized as research tools are not OAB spe-
cific and are not generally used for diagnostic purposes. The specific details of each
questionnaire are beyond the scope of this chapter (Table 2.3).

Voiding Diaries

As noted previously, urinary frequency and urgency can be assessed by patient
recall at the time of interview or by self-monitoring using frequency/volume charts
or voiding diaries. Urinary incontinence episodes can be captured in a likewise fash-
ion. Although useful for quantifying symptoms, voiding diaries are not usually
utilized as an initial diagnostic tool for OAB as the symptoms of OAB may be due
to a variety of causes. However, voiding diaries are extremely useful in numerically

Table 2.2 Differentiating OAB from stress incontinence

Stress
Symptoms OAB incontinence
Urgency (strong, sudden desire to void) Yes No
Frequency with urgency Yes Rarely
Leaking during physical activity, e.g., coughing, sneezing, | No Yes
lifting, etc.
Amount of urinary leakage with each episode of Large if present | Usually small
incontinence
Ability to reach the toilet in time following an urge to void | No or just Yes
barely
Nocturnal incontinence (presence of wet pads or Yes Rare
undergarments in bed)
Nocturia (waking to pass urine at night) Usually Seldom
Adapted from Rovner and Wein [14]
OAB overactive bladder

Table 2.3 Examples of questionnaires utilized in the evaluation of individuals with lower urinary
tract symptoms

Questionnaire Acronym Item
Incontinence Impact Questionnaire [16, 17] 11Q-7 QoL

Urge Incontinence Impact Questionnaire [18] Urge-11Q QoL

King’s Health Questionnaire [19] ICIQ-KHQ QoL

Bristol Female Lower Urinary Tract Symptoms BFLUTS QoL, symptoms,
Questionnaire [20] sexual function
Urinary Incontinence Quality of Life Instrument [21] | I-QoL QoL

Overactive Bladder Questionnaire [22, 23] OAB-q QoL, symptoms

QoL quality of life
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assessing patient symptoms and evaluating patient outcomes before and after the
initiation of treatment regimens. In short, voiding diaries are simple and inexpensive
ways to obtain reasonably objective information on voiding behavior in the patient’s
usual environment. It should be noted that although self-monitoring techniques may
in themselves modify the behavior they are measuring, reported micturition fre-
quency and number of incontinence episodes as recorded on a voiding diary have
been found to be highly reproducible on a test-retest analysis [24].

One particular use of the dairy is to assess the contribution of nocturia to the
patient’s symptoms. Nocturia is a highly prevalent condition and generally is con-
sidered bothersome by most individuals if there are two or more episodes per night
[25, 26]. OAB often coexists with nocturia; however, there are many individuals
with isolated nocturia due to nocturnal polyuria (NP) without daytime symptoms.
Such patients do not have OAB. NP is a completely different condition from OAB
and requires directed therapy.

Multiple studies have been performed in assessing the reliability, reproducibility,
and accuracy of voiding diaries as a tool in the evaluation of lower urinary tract symp-
toms. Voiding diary parameters, specifically urinary frequency and incontinent epi-
sodes, have been often utilized as primary and secondary outcome measures in efficacy
studies of various agents for the treatment of OAB [27-33]. Most voiding diaries will
include intake volume, voided volumes, incontinent and urgency episodes, as well as
types of activities being performed during these episodes. Although 72-h micturition
diaries have shown excellent reliability, 24-h micturition diaries are more convenient
for the patient and seem to provide valid data [34, 35]. In those patients with access to
electronic devices, electronic voiding diaries have been used as a good alternative to
paper voiding diaries with potentially better data quality and compliance [36].

Pad Tests

If incontinence is present in the setting of OAB, there are a variety of pad tests avail-
able to quantitate the amount of urine loss. However, urinary incontinence is not
necessary for the diagnosis of OAB and may only be present in a minority of such
patients [7]. Thus, they have limited diagnostic utility. Nevertheless, they can be
extremely helpful and serve as a baseline for outcome assessments under certain
conditions [3].

Physical Examination

A directed physical exam is important in every patient presenting with lower urinary
tract symptoms suggestive of OAB. There are no signs or findings on physical
examination that are specific to OAB, and therefore, the goal of the abdominal,
pelvic, rectal, and neurological examinations is to help the clinician in excluding
many of the differential diagnostic possibilities.
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The abdomen is examined for wounds suggestive of prior surgery, skin abnor-
malities (e.g., rashes), hernias, and masses. Percussion or palpation may be per-
formed to evaluate for a distended bladder suggesting poor bladder emptying and
chronic urinary retention as a cause of the patient’s symptoms. The lower back is
also examined for scars reflecting prior lower back surgery, as well as a dimple or
hair tuft suggestive of spina bifida occulta. A directed neurological assessment
should be performed. The presence of motor or sensory deficits of the patient’s
lower extremities or perineum should be identified. Knee and ankle reflexes are
assessed, and the patient’s gait is observed. A rectal exam should be performed in
men and women specifically for examination of rectal tone and the integrity of the
sacral reflex arc (anal wink, bulbocavernosus reflex, etc.). Objective neurological
abnormalities found on physical examination may prompt a referral to a neurologist
and/or appropriate imaging of the central nervous system. During the assessment of
rectal tone, the patient’s ability to perform pelvic floor exercises properly (Kegel
exercises) can be assessed.

In men, the prostate should be evaluated for size, texture, symmetry, nodules, and
tenderness. The male genital exam should specifically look for evidence of meatal
stenosis, phimosis, urethral discharge, testicular abnormalities, and genital lesions.

Female pelvic exams include an evaluation for pelvic organ prolapse (cystocele,
vault prolapse, enterocele, rectocele, and perineal laxity), urethral hypermobility,
vaginal epithelial atrophy, vaginal dryness, and rugation. The vaginal walls and sur-
rounding perineal skin are examined for lesions, excessive vaginal discharge, or
evidence of maceration or ulceration implying chronic urinary incontinence. In
some cases, urethral diverticula may be diagnosed by careful palpation of the ante-
rior vaginal wall and digital stripping of the urethra. A cough stress test is performed
to evaluate for the presence of stress urinary incontinence. A careful bimanual pel-
vic examination is performed for the evaluation of adnexal, uterine, or other pelvic
masses.

Urine Analysis

It is widely accepted, and all of the guideline groups concur, that patients should be
asked to provide a clean catch midstream urine specimen as part of their initial
assessment. There is some disagreement, however, as to whether a urine dipstick is
adequate or formal urinalysis should be required. Both the American Urological
Association (AUA) and European Association of Urology (EAU) agree that a for-
mal urinalysis should be obtained, while National Institute for Health and Care
Excellence (NICE) recommends performing a urine dipstick testing in women pre-
senting with OAB symptoms [12]. The utility of a screening dipstick is that it can
be performed in the office and provides rapid information specifically looking for
hematuria, proteinuria, glucosuria, and the presence of nitrates and leukocytes.
Urine microscopy and culture are the diagnostic gold standard, but reagent strip
testing of urine is a sensitive and cheaper screening method. Altered bladder sensa-
tion during urinary tract infections can cause symptoms similar to those of
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OAB. Tumors of the lower urinary tract may likewise cause urgency, frequency, and
urge incontinence. Hematuria mandates urologic referral and further urologic inves-
tigation. OAB symptoms should never be treated empirically in the setting of hema-
turia without a proper evaluation of the hematuria. Irritative symptoms may prompt
a voided urine sent for cytology which, if positive for tumor or dysplastic cells,
should likewise mandate further urologic evaluation. Significant glucosuria or pro-
teinuria should prompt further medical or nephrologic evaluation.

Post-void Residual Urine Measurement

It remains a point of contention whether all patients presenting with symptoms of
OAB require a post-void residual measurement prior to the initiation of treatment.
Patients with incomplete bladder emptying (chronic urinary retention) may present
with symptoms indistinguishable from OAB including urinary frequency, urgency,
and nocturia, with or without urinary incontinence. A low post-void residual urine
determination excludes chronic urinary retention as a cause of lower urinary tract
symptoms. In thin female patients, a bimanual pelvic examination is a simple
method of examining for a distended or incompletely emptied bladder. Males and
obese females are more challenging. Pelvic ultrasound or urethral catheterization
may be used to measure the volume of urine remaining in the bladder after voiding
with distinct advantages to each method. It is desirable to measure post-void resid-
ual urine in some groups of patients, particularly in the elderly with voiding symp-
toms and/or recurrent or persistent urinary tract infections, in those with complicated
neurological disease and voiding dysfunction, and in all those with symptoms that
suggest poor bladder emptying.

Urodynamics

Urodynamics assess the activity of the bladder and bladder outlet during the filling/
storage and emptying phases of micturition. When combined with fluoroscopy (i.e.,
videourodynamics), this study evaluates both the anatomy and function of the lower
urinary tract simultaneously [37]. As stated previously, OAB is by definition a
symptom-based diagnosis and, as such, the definition precludes the need for imme-
diate cystometrogram and/or pressure-flow urodynamic studies. In fact, the general
consensus among guideline groups regarding an index patient is that urodynamic
testing is not recommended prior to initiating conservative therapy but should be
considered only if it may alter the choice of surgical management [16—18].

It is important to emphasize that OAB and detrusor overactivity are not synony-
mous although it is widely believed that involuntary bladder contractions are the
primary underlying pathophysiology of OAB in some such patients. The sine qua non
of a well-done diagnostic urodynamic study is reproducing the patient’s symptoms
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during the study [19]. The absence of detrusor overactivity on urodynamics does not
exclude OAB, and the finding of detrusor overactivity in an otherwise asymptomatic
individual does not make the diagnosis. Furthermore, urodynamics are invasive
(requiring urethral or suprapubic catheterization of the bladder), can be associated
with significant morbidity, are relatively expensive, and are not widely available out-
side of the industrialized world.

Although UDS are not necessary for a diagnosis or initial management of OAB,
these studies certainly have a role in the evaluation of lower urinary tract symptoms
in a variety of selected circumstances [20]. These include those who have failed
previous therapy for OAB, or those who have OAB symptoms in the setting of neu-
rologic disease, vaginal prolapse, suspected bladder outlet obstruction, prior lower
urinary tract surgery, prior pelvic radiotherapy, radical pelvic surgery, or a number
of other complicated clinical scenarios.

Cystourethroscopy

Cystourethroscopy has a limited role in the evaluation of uncomplicated lower uri-
nary tract symptoms as well as in the diagnosis of OAB. There are no endoscopic
findings diagnostic of OAB although bladder trabeculation may be suggestive of
long-term detrusor overactivity in some patients [21]. In the presence of a normal
urine analysis and physical examination, endoscopic examination probably pro-
vides little additional diagnostic information for the patient with OAB. Cystoscopy
is typically performed in patients with hematuria and sterile pyuria and patients with
refractory urgency and frequency and/or urgency incontinence (i.e., following fail-
ure of initial therapy). Cystoscopy can also be helpful in the diagnosis or evaluation
of urethral diverticulum, ureteroceles, ureteral ectopia, radiation cystitis, interstitial
cystitis, bladder stones, urethral strictures, bladder outlet obstruction, and bladder
trabeculation.

Imaging

Similar to urodynamic and endoscopic examination of the lower urinary tract in
patients with OAB, the role of radiographic imaging is limited. No radiographic
findings are specific to OAB. The role of imaging in the evaluation of OAB primar-
ily involves excluding other conditions such as urethral diverticula or vaginal pro-
lapse. The limitations of static imaging are obvious when evaluating a dynamic
condition such as OAB. Videourodynamics may provide some advantages in this
setting by combining the static images during cystourethrography with the dynamic
information obtained during pressure-flow urodynamics. As mentioned previously,
imaging of the central nervous system may be indicated in some individuals with
suspected relevant neurological conditions.
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Other Studies

There are no specific serum studies necessary in the evaluation of overactive blad-
der. Diabetes and thyroid disorders can cause symptoms mimicking OAB, and thus,
the use of serum chemistry, TSH, or HgbA 1c could be useful. PSA is often checked
as well, as a screening test for prostate cancer in selected individuals.

Novel Biomarkers

There has been much recent interest in the use of novel biomarkers for the detection
of overactive bladder. Biomarkers constitute any objective measurable indicator of
a biological process. They can be used to diagnose a disease and assess the severity
of its progression or as an indicator of disease prognosis, including prediction of
response to specific therapies [22]. Putative markers include urinary growth factors
and cytokines, bladder wall thickness on imaging, and potential predisposing
genetic polymorphisms. Most research interest to date has focused on prostaglandin
E2 (PGE2) and nerve growth factor (NGF). PGE2 administration has been known
to enhance detrusor muscle activity and has been widely used in rat models for
detrusor overactivity [23]. Conversely, induction of detrusor overactivity has been
shown to increase levels of PGE2 in the urine, making it a potential detectable
marker for OAB [38]. However, although early reports noted increased levels of
urinary PGE2 in humans with OAB, more recent studies have not consistently sup-
ported this [39]. NGF, on the other hand, has more reliably been detected in indi-
viduals with OAB [39]. It is a member of the neurotropic factors and is required for
the maintenance of sensory, autonomic, and CNS neurons [40]. Increased endoge-
nous levels of NGF have been shown to be present in both rat models for detrusor
activity as well as in human bladder tissue from patients with bladder conditions,
including OAB [41, 42]. Unfortunately, NGF as a potential urinary biomarker for
OAB suffers from a relative lack of discrimination given that elevated levels are also
seen in response to other inflammatory conditions such as UTI and bladder stones.
In summary, although these current potential biomarkers may correlate with OAB
severity in some cases, future work is still required to assess their prognostic value
and role in clinical practice.

Conclusions

An initial evaluation of the patient with OAB should include, at a minimum, (1) an
assessment of the patient’s symptoms, (2) physical examination, and (3) urine anal-
ysis. A sequential, organized approach should be employed, in which confounding
conditions are identified and addressed. Once urinary tract infection has been
excluded, it is possible in most cases to establish a working diagnosis based on the
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patient’s description of symptoms. In some patients being evaluated for OAB, it
may be desirable to obtain a voiding diary and measure post-void residual urine by
catheterization or ultrasound. In cases where there is uncertainty regarding the diag-
nosis, more advanced investigations, such as urodynamic assessment and/or cystos-
copy, may be carried out, usually by the specialist.

References

1.

10.

11.

12.

13.

14.

Milsom I, Abrams P, Cardozo L, Roberts RG, Thoroff J, Wein AJ. How widespread are the
symptoms of an overactive bladder and how are they managed? A population-based study. BJU
Int. 2001;87(7):760-6.

. Marinkovic S, Rovner E, Moldwin R, Stanton S, Gillen L, Marinkovic C. The management of

overactive bladder syndrome. BMJ. 2012;344:e2365.

. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, et al. The standardisation of

terminology of lower urinary tract function: report from the Standardisation Sub-committee of
the International Continence Society. Neurourol Urodyn. 2002;21(2):167-78.

. Abrams P, Wein AJ. The overactive bladder and incontinence: definitions and a plea for discus-

sion. Neurourol Urodyn. 1999;18(4):413-6.

. Abrams P, Blaivas JG, Stanton SL, Andersen JT. The standardisation of terminology of lower

urinary tract function. The International Continence Society Committee on Standardisation of
Terminology. Scand J Urol Nephrol. 1988;114(Suppl):5-19.

. Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, Lee J, et al. An international

Urogynecological Association (IUGA)/International Continence Society (ICS) joint report on
the terminology for female pelvic floor dysfunction. Neurourol Urodyn. 2010;29(1):4-20.

. Wein AJ, Rackley R. Overactive bladder: a better understanding of pathophysiology, diagnosis

and management. J Urol. 2006;175(3 Pt w):S5-S10. Review.

. Abrams P, Chapple C, Juneemann KP, Sharpe S. Urinary urgency: a review of its assessment

as the key symptoms of the overactive bladder syndrome. World J Urol. 2012;30(3):385-92.

. Stav K, Dwyer PL, Rosamilia A. Women overestimate daytime urinary frequency: the impor-

tance of the bladder diary. J Urol. 2009;181(5):2176-80.

Cardozo L, Coyne KS, Versi E. Validation of the urgency perception scale. BJU Int.
2005;95(4):591-6.

Freeman R, Hill S, Millard R, Slack M, Sutherst J; Tolterodine Study Group. Reduced percep-
tion of urgency in treatment of overactive bladder with extended-release tolterodine. Obstet
Gynecol. 2003;102(3):605-11.

Zinner N, Harnett M, Sabounjian L, Sandage B Jr, Dmochowski R, Staskin D. The over-
active bladder-symptom composite score: a composite symptom score of toilet voids,
urgency severity and urge urinary incontinence in patients with overactive bladder. J Urol.
2005;173(5):1639-43.

Thurmon KL, Breyer BN, Erickson BA. Association of bowel habits with lower urinary tract
symptoms in men: findings from the 2005-2006 and 2007-2008 National Health and Nutrition
Examination Survey. J Urol. 2013;189(4):1409-14.

Rovner ES, Wein AJ. Today’s treatment of overactive bladder and urge incontinence. Women'’s
Health in Prim Care. 2000;3(3):179-92.

. Nambiar A, Lucas M. Chapter 4: guidelines for the diagnosis and treatment of overac-

tive bladder (OAB) and neurogenic detrusor overactivity (NDO). Neurourol Urodyn.
2014;33(Suppl):S21-5.

. Gormley EA, Lightner DJ, Burgio KL, Chai TC, Clemens JQ, Culkin DJ, et al; American

Urological Association; Society of Urodynamics, Female Pelvic Medicine & Urogenital
Reconstruction. Diagnosis and treatment of overactive bladder (non-neurogenic) in adults:



24

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

E. S. Rovner and J. Rolef

AUA/SUFU guideline. 2012; amended 2014. http://www.auanet.org/guidelines/overactive-
bladder-(oab)-(aua/sufu-guideline-2012-amended-2014. Accessed 27 Apr 2018.

Thuroff JW, Abrams P, Andersson KE, Artibani W, Chapple CR, Drake MJ, et al. EUA guide-
lines on urinary incontinence. Eur Urol. 2011;59(3):387—400.

National Institute of Clinical Excellence (NICE). CG171 urinary incontinence in women: full
guideline. 2013.

Colhoun A, Goudelocke C, Rovner ES. Reproduction of female lower urinary tract symptoms
on urodynamics. Low Urin Tract Symptoms. 2012;4(2):59-62.

Rovner E, Goudeloke C. Urodynamics in the evaluation of overactive bladder. Curr Urol Rep.
2010;11(5):343-7.

Gowda M, Danford JM, Slaughter JC, Zimmerman CW, Ward RM. Clinical findings associ-
ated with bladder trabeculations in women. Int Urogynecol J. 2013;24(7):1167-71.
Cartwright R, Afshan I, Derpapas A, Vijaya G, Khullar V. Novel biomarkers for overactive
bladder. Nat Rev Urol. 2011:8(3):139-45.

Klarskov P, Gerstenberg T, Ramirez D, Christenson P, Hald P. Prostaglandin type E activity
dominates in urinary tract smooth muscle in vitro. J Urol. 1983;129(5):1071-4.

Bradley CS, Brown JS, Van Den Eeden SK, Schembri M, Ragins A, Thom DH. Urinary incon-
tinence self-report questions: reproducibility and agreement with bladder diary. Int Urogynecol
J.2011;22(12):1565-71.

Coyne KS, Sexton CC, Thompson CL, Milsom I, Irwin D, Kopp ZS, Chapple CR, et al. The
prevalence of lower urinary tract symptoms (LUTS) in the USA, the UK and Sweden: results
from the Epidemiology of LUTS (EpiLUTS) study. BJU Int. 2009;104(3):352-60.

Kupelian V, Wei JT, O’Leary MP, Norgaard JP, Rosen RC, McKinlay JB. Nocturia and quality
of life: results from the Boston area community health survey. Eur Urol. 2012;61(1):78-84.
Appell RA, Sand P, Dmochowski R, Anderson R, Zinner N, Lama D, et al. Prospective
randomized controlled trial of extended-release oxybutynin chloride and tolterodine tar-
trate in the treatment of overactive bladder: results of the OBJECT study. Mayo Clin Proc.
2001;76(4):358-63.

Burgio KL. Influence of behavior modification on overactive bladder. Urology. 2002;60(5
Suppl 1):72-6.

Chapple CR, Rechberger T, Al Shukri S, Meffan P, Everaert K, Huang M, et al. Randomized,
double-blind placebo- and tolterodine-controlled trial of the once-daily antimuscarinic agent
solifenacin in patients with symptomatic overactive bladder. BJU Int. 2004;93(3):303-10.
Diokno AC, Appell RA, Sand PK, Dmochowski RR, Gburek BM, Klimberg IW, et al.
Prospective, randomized, double-blind study of the efficacy and tolerability of the extended-
release formulations of oxybutynin and tolterodine for overactive bladder: results of the
OPERA trial. Mayo Clin Proc. 2003;78(6):687-95.

Dmochowski RR, Sand PK, Zinner NR, Gittelman MC, Davila GW, Sanders SW, et al.
Comparative efficacy and safety of transdermal oxybutynin and oral tolterodine versus
placebo in previously treated patients with urge and mixed urinary incontinence. Urology.
2003;62(2):237-42.

Haab F, Stewart L, Dwyer P. Darifenacin, an M3 selective receptor antagonist, is an effective
and well tolerated once-daily treatment for overactive bladder. Eur Urol. 2004;45(4):420-9.
discussion 429

Van Kerrebroeck P, Kreder K, Jonas U, Zinner N, Wein A; Tolterodine Study Group.
Tolterodine once-daily: superior efficacy and tolerability in the treatment of the overactive
bladder. Urology. 2001;57(3):414-21.

Mazurick CA, Landis JR. Evaluation of repeat daily voiding measures in the national intersti-
tial cystitis data base study. J Urol. 2000;163(4):1208—11.

Brown JS, McNaughton KS, Wyman JF, Burgio KL, Harkaway R, Bergner D, et al.
Measurement characteristics of a voiding diary for use by men and women with overactive
bladder. Urology. 2003;61(4):802-9.

Sussman RD, Richter L, Tefera E, Park A, Sokol A, Gutman R, Iglesia C. Utilizing technology
in assessment of lower urinary tract symptoms: a randomized trial of electronic versus paper
voiding diaries. Female Pelvic Med Reconstr Surg. 2016;22(4):224-8.


http://www.auanet.org/guidelines/overactive-bladder-(oab)-(aua/sufu-guideline-2012-amended-2014
http://www.auanet.org/guidelines/overactive-bladder-(oab)-(aua/sufu-guideline-2012-amended-2014

37.

38.

39.

40.

41.

42.

Diagnosis of Overactive Bladder 25

Homma Y, Batista JE, Bauer SB, Griffiths DJ, Hilton P, Kramer G, et al. Urodynamics. In:
Abrams P, Wein A, Schussler B, Kawabi K, Bump R, Melchior H, et al., editors. Incontinence.
First international consultation on incontinence. Recommendations of the International
Scientific Committee: the evaluation and treatment of urinary incontinence. Plymouth: Health
Publication Ltd; 1999. p. 317-72.

Masunaga K, Yoshida M, Inadome A, Iwashita H, Miyamae K, Ueda S. Prostaglandin E2
release from isolated bladder strips in rats with spinal cord injury. In J Urol. 2006;13(3):271-6.
Liu H, Tyagi p CMB, Kuo HC. Urinary nerve growth factor but not prostaglandin E2 increases
in patients with interstitial cystitis/bladder pain syndrome and detrusor overactivity. BJU Int.
2010;106(11):1681-5.

Fry CH, Sahai A, Vahabi B, Kanai A, Birder L. What is the role for biomarkers for lower uri-
nary tract disorders? ICI-RS 2013. Neurourol Urodyn. 2017;33(5):602-5.

Oddiah D, Anand P, McMahon SB, Rattray M. Rapid increase of NGF, BDNF and NT-3
mRNAs in inflamed bladder. Neuroreport. 1998;9(7):1455-8.

Yokoyama T, Kumon H, Nagai A. Correlation of urinary nerve growth factor level with patho-
genesis of overactive bladder. Neurourol Urodyn. 2008;27(5):417-20.



®

Check for
updates

Chapter 3
The Placebo Effect in Overactive
Bladder Syndrome

Svjetlana Lozo and Peter K. Sand

Initially seen as a nuisance variable, the placebo effect has been widely recognized
as a distinct determinant of health in a number of different diseases and conditions.
Dr. Arthur K. Shapiro spent much of his career in psychiatry studying placebo
effects, and in 1964 he described a placebo as “any therapeutic procedure which is
given deliberately to have an effect or unknowingly has an effect on a symptom,
syndrome, disease or patient, but which is objectively without specific activity for
the condition being treated” [1]. The placebo effect became mainstream in medicine
when placebos began to be used in clinical trials as a control. One of the first docu-
mented uses of a placebo dates back to 1784 in a trial conducted by Benjamin
Franklin and Antoine Lavoisier. In this trial, Franklin and Lavoisier were commis-
sioned by Louis XVI to test Franz Mesmer’s claim that uncovered “animal magne-
tism” contained certain healing properties. Patients were exposed to “mesmerized”
objects or untreated (placebo) objects without telling them which ones they had
been exposed to. Results of the research showed that a patient’s responses to objects
were completely unrelated to whether or not the object had been “mesmerized,” and
therefore they concluded that “animal magnetism” had no scientific basis [2].
Nevertheless, it was not until the 1900s that the placebo effect emerged as a phe-
nomenon on its own. One of the most influential studies to shine the light on the
placebo effect was a meta-analysis done by Beecher in 1955 [2]. Combining the
data from 15 different studies, Beecher was able to show a 35% improvement in the
symptoms of pain, seasickness, cough, and anxiety in the placebo arms of the trials.
This led him to argue that the placebo effect was significant and worthy of further
study.
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Explanations of the Placebo Effect

The recognition of a placebo phenomenon has led to the development of a number
of different theories to explain the effect. Some of the classical theories and con-
cepts discussed in the research literature include the regression to the mean, expec-
tancy theory, described by Kirsch in 1985; classical conditioning effects, described
Wickramasekera in 1980; context effects, described by Di Blasi in 2001; and mean-
ing response, described by Moerman and Jonas in 2002 [2].

One popular explanation for a placebo effect in clinical trials is to suggest that it
is due to a “regression to the mean.” This hypothesis was first described by Sir
Francis Galton in 1886, in his article entitled “Regression Toward Mediocrity in
Hereditary Stature.” Subsequently, scientists have consistently noticed that variabil-
ity in bivariate distributions will be reduced on subsequent observations. Measured
variables will tend to regress toward mean expected values on repetitive testing. One
of the first examples that Galton used to illustrate this example was to examine the
average height of parents and their children. He noted that parents who were noted
to be tall had children who were shorter than them and short parents had children
who on average were taller than them. In both examples, children with parents at the
extreme end of the distribution had heights closer to the population mean height [3].

“Expectancy theory” and “classical conditioning” are often seen as competing
theories to explain the placebo effect [4]. Expectancy theory rationalizes that the
placebo produces certain effects because the recipient expects it to produce an
effect. An interesting implication of this theory is that drug advertising may poten-
tially lead to powerful placebo effects. So how does expectancy produce a placebo
effect? Lundth et al. in 2000 described that expectancies affect anxiety levels and
therefore taking a placebo could potentially reduce anxiety and lead to improvement
in the immune system [5]. Another explanation is that the placebo influences
changes in expectancy and those changes lead to the changes in the subject’s behav-
ior that have a direct influence on one’s health outcomes [6, 7]. In order to explain
how none of the theories above can account for the placebo effect in healthy indi-
viduals, Kirsch described the response expectancy theory. He reported that response
expectancies represent an anticipation of the occurrence of responses such as pain,
emotional responses, sexual arousal, and nausea. The bottom line is that the expec-
tation of having a subjective experience leads directly to the expected subjective
experience [8].

“Classical conditioning theory” approaches placebo as a conditioned response.
In this theory, an unconditioned response (placebo medication) is paired with neural
stimuli, such as pill casings and syringes, or — more generally — with certain places,
people, and procedures. Initially these stimuli are neutral with respect to eliciting
certain unconditioned effects of an active drug, but as they become repeatedly asso-
ciated, the unconditioned stimulus becomes a conditioned stimulus eliciting a con-
ditioned response. Therefore, placebo medication eventually becomes a conditioned
stimulus producing a conditioned response, which is the placebo response in this
case [4]. Most of the research of this theory has been produced in animal models.
One of the most controversial studies was performed by Ader and Cohen in 1975,
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when they injected rats with a novel saccharine-flavored liquid with or without the
immunosuppressant cyclophosphamide. They were able to show that rats that were
injected with the saccharine solution alone had a decreased immune response as
would be expected from treatment with cyclophosphamide [9]. Both classical con-
ditioning and expectancy theory are extremely appealing explanations for the pla-
cebo effect and have often been pitted against each other.

The “context effect” described by Di Blasi et al. in 2001 centered mostly on the
doctor-patient relationship as part of the placebo effect. Their systematic review
noted inconsistencies regarding emotional and cognitive care in the doctor-patient
relationship. They noted that patients taken care of by physicians who have a warm,
reassuring, and friendly manner do better than patients attended by physicians who
do not offer reassurance and keep consultations formal, providing another element
that may add to the placebo effect [10].

“Meaning response” indicates that the meaning (the anticipated physiological or
psychological response) is what the patient attributes to the placebo. Moerman and
Jonas make the argument that even though we do not intend it, most of the elements
of the physician-patient interaction are “meaningful.” Physicians’ manners, white
coats, style and use of language have been shown to influence patient outcomes.
Moerman and Jonas argue that clinically we should conceptualize meaning response
as observation effect instead of placebo effect [11]. This is illustrated by a study in
which 200 patients with symptoms, but no abnormal physical signs, were assigned
to have either a negative or positive consultation with a physician. In the group that
received a positive consultation, 64% reported feeling better after 2 weeks com-
pared to only 39% of subjects who received a negative consultation [12].

The most recent theory regarding placebos was developed in 2011 by Colloca
and Miller [13]. This theory is based on the idea that the placebo effect is a learned
response in which different types of verbal, social, and physiological influences cue
or trigger previously formed expectations that generate a placebo effect via the cen-
tral nervous system (CNS). For example, when a patient encounters a treatment, the
treatment presents cues that cause the individual to recollect sensations experienced
in one or several prior situations. This recollection develops into an expectation of
what is likely to be experienced in response to the current treatment. These prior
experiences drive the placebo effect via their influence on the CNS. Placebo effects
clearly rely, to some degree, on the patient’s perception — as it is well known that
informing a patient about the use of an inactive placebo consistently reduces its
efficacy [13]. Nevertheless, further research is needed to fully understand and
uncover the “cause” of the placebo phenomenon. This “cause” may well be different
in different individuals and may vary in different situations for the same individual.

Meissner et al., in their 2007 review of clinical studies [14], noted that placebo
treatments had significant effects on physical rather than on biochemical parame-
ters. They noted that in comparison to the administration of active pharmacological
medications, administration of a placebo improved physical parameters on average
by one-third. However, the same efficacy was not found for the biochemical
parameters. Their conclusion was that placebo interventions have a more significant
effect on physical rather than on biochemical parameters.
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The Placebo Effect and OAB Treatment

An extensive placebo effect has been observed throughout all of the overactive blad-
der (OAB) syndrome trials. OAB is a multifactorial disorder defined by International
Continence Society’s terminology committee as a syndrome characterized by
urgency, with or without urinary incontinence, usually accompanied by frequency
and nocturia in the absence of urinary tract infections or other obvious pathologies.
The prevalence of the condition increases with age in both females and males,
affecting approximately 30-40% of population aged 75 and older. The condition
has a significant negative effect on a patient’s QOL and presents a significant eco-
nomic burden [15].

Patients with OAB symptoms are often encouraged to keep bladder diaries to
assess the severity of their condition, as well as to gain better insight into their
symptoms. The bladder diary measures OAB parameters such as the number of
micturition episodes during the day and night, urgency episodes, the number of
incontinence episodes, and the mean volume voided per micturition. Just this obser-
vation while recording these data has been shown to modify an individual’s OAB
symptoms and may contribute to any noted “placebo effect” found in clinical trials
where bladder diaries are recorded. More objective measurement of the severity and
etiology of OAB features may be accomplished with urodynamic testing [16, 17].

Conservative treatment strategies for OAB include weight loss, bladder training
or timed voiding, bladder control strategies, pelvic floor muscle training, and fluid
intake management [18]. Behavioral therapies are usually the initial treatment
option, and they center on educating patients about lower urinary tract anatomy and
physiology and specifically what happens during the storage and voiding phases of
the micturition cycle. Patients are asked to keep a bladder diary and to decrease their
fluid intake after dinner in order to decrease nocturia. They may be encouraged to
modify their diet and what liquids they drink and when they drink them, to reduce
incontinence or urgency episodes without affecting adequate hydration status.
Timed voiding and bladder drill can also be implemented to defer voiding and
inhibit detrusor overactivity by utilizing the vesico-inhibitory reflexes. This mecha-
nism centers on patients contracting the levator muscles to inhibit involuntary detru-
sor contractions, voiding on a timed schedule, and gradually increasing the
inter-voiding interval. Some patients can actually restore cortical control over their
involuntary detrusor contractions and stop their urgency urinary incontinence (UUI)
and urinary frequency with these interventions [19, 20].

Studies have shown that behavioral therapy has been effective in decreasing the
number of incontinence episodes in the population affected by OAB. Fantl et al.
performed a study in women aged 55 and older and noted that those women who
underwent behavioral therapy experienced a 57% decrease in the number of urinary
incontinence episodes (including stress urinary incontinence) [20]. Since pharma-
cological therapy is often the next step in the treatment algorithm, studies have
noted that a combination of behavioral and pharmacological therapy might be more
effective than monotherapy alone. The American Urological Association and the
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Society of Urodynamics, Female Pelvic Medicine, and Urogenital Reconstruction
suggest that initiating behavioral and drug therapy simultaneously may improve
outcomes, including frequency, voided volume, urinary incontinence, and symptom
distress [18].

Numerous studies have been designed as randomized, placebo-controlled trials
to determine the efficacy and tolerability of medications used for treating
OAB. Anticholinergics are the most commonly used class of medications for OAB
and have been compared to placebo in numerous studies with a wide variety of pla-
cebo responses recorded.

Several hypotheses have been developed as possible explanations for the sub-
stantial placebo effect witnessed in the treatment of OAB. A significant percentage
of patients suffering from OAB have experienced bothersome symptoms for a long
time. Getting a diagnosis, as part of clinical trial, and finding that their current con-
dition is not life-threatening and is treatable, may offer a significant degree of relief,
which could possibly add to the placebo response [21]. Participating in OAB clini-
cal trials usually involves completing bladder diaries and receiving education about
the storage and voiding phases of the micturition cycle by trained medical profes-
sionals. This education process often tends to improve patients’ OAB symptoms
through a bladder training effect and eventually leads to modification of patients’
fluid intake [22]. The International Consultation on Incontinence guidelines recom-
mend fluid manipulation as one of the strategies for management of OAB [23].
Randomized, prospective trials in adults with OAB have shown that a reduction of
25% in fluid intake from baseline was effective in reducing OAB symptoms such as
daytime urinary frequency, urgency, and nocturia [24].

The effect of placebo in OAB has been examined from a number of different
perspectives. Zinner et al. in 2013 attempted to understand placebo and treatment
effects in patients undergoing treatment with solifenacin succinate. The aim of the
study was to identify the combination of variables that would help to determine
which group of patients was more or less likely to respond to the active medication
or placebo. The authors used data from two separate Phase IIIb clinical trials of
solifenacin succinate versus placebo in subjects with OAB. Individual answers from
OAB questionnaires were used to create predictive models for high placebo and
high medication responders. Outcomes of interest examined were urinary urgency
and UUI episodes. In the placebo group, 14 separate variables were identified to
help distinguish those with significant reductions in urgency and those who did not
have a significant improvement. These variables were low patient-perceived bladder
control at baseline (PPBC), high values from questionnaire for nocturnal voids in
combination with low number of nocturnal episodes, as well as high responses to
questions 1, 2, 10, 11, 18, and 28 on the OAB-q. (Form OAB-q LF 4-week recall
(Fig. 3.1) is available from www.pfizerpatientreportedoutcomes.com.) Patients who
responded to placebo also had low scores on questions 3, 5, 7, 27, and 32 on the
OAB-q. In the actively treated subjects, nine variables distinguishing between high
and low responders were identified. Patients who were high responders to treatment
were noted to have a low baseline PPBC; high responses to questions 1, 4, 16, 24,
and 33 on the OAB-q; and low responses to questions 6.7 and 26. When these vari-
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ables were combined, the authors were able to identify patients who were more
likely to experience a strong placebo effect versus those who experienced a strong
treatment response. This prediction model has not been prospectively tested with
other medications. This is one of the limitations of the study. However, the study
does provide some insight into distinguishing which patients may be more respon-
sive to placebo treatment. Further study may help us to determine if a questionnaire
can be used to categorize subjects into different groups, based on their predicted
responsiveness to placebo or active treatment, for recruitment to clinical trials [25].

In order to examine the placebo effect in OAB, Lee et al. [26] performed a meta-
analysis and systematic review looking at the placebo response in antimuscarinic
trials for OAB (Table 3.1) [27-62]. They carefully examined the placebo arm data
for incontinence episodes, micturition episodes, voided volume, and other study

OAB-q

This questionnaire asks about how much you have been bothered by selected bladder symptoms during
the past 4 weeks. Please place a ¥ or ¥ in the box that best describes the extent to which you were
bothered by each symptom during the past 4 weeks. There are no right or wrong answers. Please be sure
to answer every question.

During the past 4 weeks, how bothered Not at A little Some-  Quitea A great A very
. | . great
were you by. .. all bit what bit deal
: ; deal
I. Frequent urination during the daytime O O O | O O
hours? ! : : 4 ¢ °
2. Anuncomfortable urge to urinate? E,' D l;l l;l D [,:I
3. A sudden urge to urinate with little or no (| O O O O O
warning? 1 3 3 5 e
4. Accidental loss of small amounts of O O O O O O
1 L3 5 &

urine?

-0
O
O

-0

-0

-0

5. Nighttime urination?

6. Waking up at night because you had to
urinate?

-0
O
-0
O
-0
-0

-0

O
-0
Nu
-0
-0

7. Anuncontrollable urge to urinate?

8. Urine loss associated with a strong desire
to urinate?

-0
O
-0
O
-0
-0

The above questions asked about your feelings about individual bladder symptoms. For the following
questions, please think about your overall bladder symptoms in the past 4 weeks and how these
symptoms have affected your life. Please answer each question about how often you have felt this way to
the best of your ability. Please place a v or % in the box that best answers each question.

Fig. 3.1 Overactive bladder questionnaire long form 4-week recall. (From Pfizer (New York, NY,
USA), with permission. Permission for any use must be granted by Pfizer; this measure is available
at www.pfizerpatientreportedoutcomes.com)
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During the past 4 weeks, how often have None of A litdle Some A gﬂnd Most of  All of
: - i . of the of the bit of N .
your bladder symptoms . .. the time . . . the time  the time
time time the time
9. Made you carefully plan your commute? I;l I;I I;l I;' I;I '?
10. Caused you to feel drowsy or sleepy O O O Od O O
during the day? ' : : ) : °
11. Caused you to plan “escape routes™ to O O O O O O
restrooms in public places? L 2 : N ¢ &
12. Caused you distress? I;I D D E," ;I [;I
13. Frustrated you? I? D E.l I;' l;l '?
14. Made you feel like there is something O O O O O O
wrong with you? ! : : ! : °
15. Interfered with your ability to get a good O O O (| O O
night’s rest? L E 2 “ ; “
16. Caused you to decrease your physical O O O Oa O a
activities (exercising, sports, etc.)? ! : ! ! : N
17. Prevented you from feeling rested upon O O O O O O
waking in the morning? L 2 . ! ¢ &
18. Frustrated your family and friends? I:,I D I;I E," ;I EI
19. Caused you anxiety or worry? I;I [;I I;I I;I [;I i;l
20. Caused you to stay home more often than O O [ O O O
you would prefer? ! : ! ! : °
21. Caused you to adjust your travel plans so (| O Od O O O
that you are always near a restroom? ! 2 : 4 ¢ ¢
22. Made you avoid activities away from O O Od O O O
restrooms (i.e., walks, running, hiking)? ! L 3 N ¢ N
23. Made you frustrated or annoyed about the
amount of time you spend in the I;I D I;I E,] EI I;I
restroom?
24, Awakened you during sleep? D, D I;l I;' D l;l

Fig. 3.1 (continued)
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. ) ) ) , A little Some A good
During the past 4 weeks, how often have None of of the of the bit of Mostof  All of

your bladder symptoms . . . the time . . . the time  the time
N N time time the time

O a O a O a

25. Made you worry about odor or hygiene? 7 2 5 7 3 5
26. Made you uncomfortable while traveling O 0O O 0 O O
with others because of needing to stop S B -

for a restroom?

27. Affected your relationships with family O O O
and friends? 1 7 3

=\
=|0]
O

28. Caused you to decrease participating in
social gatherings, such as parties or visits
with family or friends?

d
O
O
-0
O
O

O
O
O
=[m]
O
O

29, Caused you embarrassment?

30. Interfered with getting the amount of a O Oa
sleep you needed? ! ! !

-0
-0
-0

L

. Caused you to have problems with your O O O
partner or spouse? L d

-0
-0
-0

32. Caused you to plan activities more O O O O O d
carefully? ! : ! ' : °
33. Caused you to locate the closest restroom 0O | O O 0 0
as soon as you arrive at a place you have i = § : s 5

never been?

© Copyright 2004 Pfizer. All rights reserved.

Fig. 3.1 (continued)

characteristics from randomized placebo-controlled trials. They found 36 studies
that met their inclusion criteria. The mean age of the subjects enrolled in the placebo
arms was 58.9 years. The median study duration was 12 weeks (range 2—12 weeks),
and the mean number of patients in the placebo arms of the trials was 164 (range
13-508). The most commonly published OAB trials studied tolterodine (n = 15),
oxybutynin (n = 8), propiverine (n = 5), and solifenacin (n = 5). This meta-analysis
noted that the number of subjects included in the placebo arm tended to increase in
more recent studies and that there was a positive association between the probability
of studies reporting statistically successful outcomes and the size of placebo arm for
all reported end points.

The patient populations in these studies that were assigned to placebo were noted
to have 3.16 (SD 1) incontinence episodes per day. At the study end point, mean
incontinence episodes were reduced by 1.16 (SD 0.46). This change in incontinence
episodes was highly associated with baseline values (r = 0.69). Using both a fixed
effects model and a random effects model, point estimates were noted to be
statistically significant at —1.09 (—1.17, —1.02) and —1.15 (—1.34, —0.96) for
incontinence episodes, respectively (Fig. 3.2) [26].
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Subjects in the placebo group were noted to have a mean of 11.8 (SD 0.9) mic-
turition episodes per day at baseline. At the completion of the study, micturition
episodes were reduced by 1.4 (SD 0.7) episodes per day in the placebo arm. Using
a 95% confidence interval, point estimate change from baseline in micturition epi-
sodes per day was —1.29 (—1.38, —1,12) using a fixed effects model and —1.27
(—1.51, —1.03) using random effects model. Both results were noted to be statisti-
cally significantly changed from baseline.

Mean voided volume in the placebo group was noted to be 163.1 mL (SD 42.9)
at baseline. Following treatment with placebo, the mean voided volume increased
by 12.5 mL (SD 5.9). At the 95% confidence interval, point estimate change in
voided volume from baseline was noted to be 18.6 (18.3,18.9) mL using a fixed
effects model and 12.4 (9.3,15.5) mL using a random effects model. Both results
were noted to be statistically significant.

This meta-analysis showed that individual studies utilized two approaches to
manage the placebo response. The first approach of enrolling more severely affected
patients was used in the more recent trials. This method was shown to be counter-
productive because an increase in the response in the active treatment arms was
offset with a larger response in the placebo patients. It was also noted that the prob-
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ability of success of the study was unrelated to the magnitude of the placebo effect
for any of the variables examined. The second method they observed being used to
try to decrease the placebo response was the use of a larger study size. This assured
successful study outcomes for the subjective study parameters, but was significantly
less successful for objective study outcomes [26].

Mangera et al. performed a meta-analysis in 2011 and examined the placebo
effect on OAB [17]. Their analysis included 62 trials, which included a placebo arm.
Five commonly reported outcome parameters were identified: change in inconti-
nence episodes per day, change in micturition episodes per day, change in urgency
episodes per day, change in mean voided volume per micturition, and change in
maximum cytometric capacity [17].

A total of 1847 patients in 12 studies reported changes in incontinence episodes
per day. The mean reduction in incontinence episodes per day for the placebo cohort
was 1.12 episodes (SD 0.59), and it was noted to be statistically significant. This
study also examined if the study size affects the magnitude of change in the placebo
group. They found no significant correlation between the study sample size and the
degree of placebo effect on incontinence episodes (Table 3.2) [27, 29-31, 33, 34,
36,37, 41, 44, 46, 49, 51, 53, 55, 58, 59, 61-67].

The change in micturition episodes per day within the placebo group was
described in 11 studies including 1938 patients. Placebo patients experienced a
mean reduction of —1.04 (SD 0.8) micturition episodes/day, which was noted to be
statistically significant. Eleven studies examined the effect of placebo on the mean
micturition volume. The weighted mean change in micturition volume was noted to
be 10.61 ml (SD 12.9), which was noted to be statistically significant (Table 3.3)
[27, 29, 31, 33, 34, 36, 37, 41, 43-46, 49, 51, 53, 55, 57-59, 61-63, 65-69].

This meta-analysis noted no changes in urgency episodes per day following pla-
cebo treatment. However, the data were pulled from only 3 studies that included 928
patients. The weighted mean change in urgency episodes/day was —1.15 (SD 1.74),
which was not statistically significant. Another surprising finding in this meta-
analysis was the effect of placebo on maximum cytometric capacity. Six studies
with 208 patients showed statistically significant changes in maximum cytometric
capacity following placebo treatment. The weighted change in maximum cytomet-
ric capacity was —16.87 ml (SD 9.99). Further analysis noted that the smaller stud-
ies were more likely to have decreased cytometric capacity following placebo
treatment, while larger studies tended to show an increase in maximum cytometric
capacity.

Magnera and his team found that placebo led to statistically significant improve-
ment in four out of five commonly reported OAB parameters. Findings reported in
this study were similar to the results found by Lee and colleagues. Lack of statisti-
cally significant findings in urinary urgency episodes per day following placebo
treatment was likely affected by the small number of trials examining this parameter
[17,26].
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Table 3.2 Incontinence episodes per day after placebo in patients with OAB

Study Patients Change in mean number of

duration receiving | incontinence episodes per day
Study (week) placebo (n) | (SD)
Abrams et al. 1998 [27] 12 57 —0.9 (1.5)
Cardozo et al. 2004 [29] 12 301 —1.25 (NA)
Chapple et al. 2004 [63] 12 183 —1.45 (NA)
Chapple et al. 2004 [31] 12 267 —0.76 (2.26)
Chapple et al. 2004 [30] 6 38 —0.29 (NA)
Dmochowski et al. 2002 [33] 12 132 -2.74 (3.01)
Dmochowski et al. 2003 [34] 12 117 -2.1(3)
Dorschner et al. 2003 [36] 4 49 —0.1 (NA)
Drutz et al. 1999 [37] 12 56 -1(2.2)
Homma et al. 2006 [64] 8 167 —1.44 (1.74)
Jacquetin et al. 2001 [41] 4 51 -0.4(1.9)
Jonas et al. 1997 [65] 4 44 -1.5(2)
Khullar et al. 2004 [44] 8 285 —1.1(2.1)
Madersbacher et al. 1999 [46] 4 72 —0.7 (NA)
Millard et al. 1999 [49] 12 64 —-1.3(2.5)
Rackley et al. 2006 [51] 12 421 —0.01 (NA)
Robinson et al. 2007 [53] 8 61 —0.66 (NA)
Rudy et al. 2006 [55] 12 329 —1.7 (NA)
Cardozo et al. 2008 [66] 16 224 —1.4 (NA)
Uchida et al. 2002 [58] 6 53 —1.3 (NA)
Van Kerrebroeck et al. 2001 [59] 13 508 —-0.99 (NA)
Yamaguchi et al. 2007 [61] 12 406 —0.72 (1.95)
Zinner et al. 2004 [62] 12 261 —-1.9 (NA)
Zinner et al. 2005 [67] 2 76 —0.91 (NA)

From Mangera et al. [17], with permission

When examining the effect of placebo in the treatment of OAB, it is impor-
tant to determine the role of neurophysiology and the brain in the development
of the disease. Magnetic resonance imaging scans have showed increased brain
activity associated with the urge to void and suppression of that urge [70]. One
can wonder if the significant placebo effect in the treatment of OAB points
toward the brain’s role in OAB. First desire to void has also been noted to be
associated with increased oxyhemoglobin concentrations in both frontal lobes;
it is therefore possible that placebo may play a role in modulating the CNS com-
ponent of OAB [71]. This idea can be extended to examining the role of bladder
training and bladder drill in managing OAB. A behavioral effect on the CNS
may explain why some patients respond better to this treatment modality than
others [71].
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Table 3.3 Micturition episodes per day after placebo treatment in patients with OAB

Study Patients Change in mean number of

duration receiving | incontinence episodes per day
Study (week) placebo (n) | (SD)
Abrams et al. 1998 [27] 12 57 —1.6 (3.6)
Cardozo et al. 2004 [29] 12 301 —1.59 (NA)
Chapple et al. 2004 [63] 12 183 —1.42 (NA)
Chapple et al. 2004 [31] 12 267 —1.2 (3.26)
Dmochowski et al. 2002 [33] 12 132 -1.7(3)
Dmochowski et al. 2003 [34] 12 117 -1.4(2.7)
Dorschner et al. 2003 [36] 4 49 —0.06 (NA)
Drutz et al. 1999 [37] 12 56 -1.1(2.9)
Jacquetin et al. 2001 [41] 4 51 —-1.2(2.7)
Jonas et al. 1997 [65] 4 44 —-0.6 (NA)
Jiinemann et al. 2000 [43] 3 79 —1.9 (NA)
Khullar et al. 2004 [44] 8 285 —-1.3(2.3)
Lee et al. 2006 [45] 12 88 —2.58 (NA)
Madersbacher et al. 1999 [46] 4 72 —1(NA)
Millard et al. 1999 [49] 12 64 —-1.4(2.3)
Moore et al.1990 [68] >78 25 1.2 (NA)
Rackley et al. 2006 [51] 12 421 —1.46 (NA)
Riva et al. 1984 [69] 2.86 30 —0.79(NA)
Robinson et al. 2007 [53] 8 61 —1.81
Rudy et al. 2006 [55] 12 329 —1.76 (NA)
Cardozo et al. 2008 [66] 16 224 —1.3(NA)
Thiiroff et al. 1991 [57] 4 52 —0.3 (NA)
Uchida et al. 2002 [58] 6 53 —1 (NA)
Van Kerrebroeck et al. 2001 [59] 13 508 224
Yamaguchi et al. 2007 [61] 12 406 —0.94 (2.29)
Zinner et al. 2004 [62] 12 261 —1.29 (NA)
Zinner et al. 2005 [67] 2 76 —0.85 (NA)

From Mangera et al. [17], with permission

From this review, it is clear that we can only postulate why placebo treatment has
shown such a large effect on the parameters usually examined in OAB. One of the
possible trial designs to control the placebo effect was proposed by Staskin et al.
They proposed that an emphasis be placed on a “non-drug” group: a cohort of
patients involved in the trial would be given the same information, bladder training,
and tests to complete, as the group given medication [72]. Another idea proposed by
these authors was the use of a nocebo group, balancing the placebo group and pre-
senting information to subjects to suggest that the treatment could “make them bet-
ter, not affect them or make them worse.” This would be one way to counteract the
positive expectation bias noted in placebo groups.

When looking at the data, it is important to distinguish between statistically sig-
nificant findings and findings that are clinically meaningful for one’s treatment of
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OAB. Both the meta-analyses by Lee et al. and Magnera et al. reported an average
decrease in micturition episodes by one void/day. Even though it is statistically
significant, it is unlikely to have a large impact on one’s QOL. QOL parameters are
extremely important to keep in mind when examining OAB data, because this is
primarily a quality-of-life disorder. However, it is important to keep in mind that
QOL assessments are generally performed on self-administered questionnaires, and
those measurements are more prone to a placebo effect than classical, more objec-
tive measurements. Eickhoff et al. in 2006 described statistical modeling that can be
used to account for a placebo effect in QOL responses. This statistical model can be
used for analysis of a variety of QOL instruments to provide meaningful interpreta-
tion of specific items and the suspected placebo effect [73].

Conclusion

Placebo effects play a significant role in the treatment of OAB. This stems from the
fact that treatment of OAB is complex and involves significant behavioral and phys-
iological changes. While placebo effects have a greater impact on subjective versus
objective outcome measures, they seem to significantly influence both in OAB. Some
of the strategies that may be used in the development of clinical trials to minimize a
strong placebo effect are longer experimental periods, stricter patient selection,
larger number of subjects, and better-defined objective and subjective outcome
measures. A strong placebo effect is a double-edged sword that may lead to the
development of a poorly powered clinical trial but may also add to the treatment
benefit of therapies for OAB.
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Chapter 4
Outcome Measures and Patient
Expectations for Overactive Bladder

Gary E. Lemack and Rena D. Malik

Introduction

Several studies have attempted to elucidate the most impactful symptom of OAB on
patients’ quality of life (Table 4.1) [1-6]. In the National Overactive Bladder
Evaluation (NOBLE) Program Survey, an assessment of 919 participants with OAB
in the USA, urgency urinary incontinence (UUI) was found to result in significant
worse health-related quality of life in women, worse depression and sleep distur-
bance in men, and overall significantly worse bother [1]. Similarly in the EPIC
study, a cross-sectional survey of adults with OAB, lower urinary tract symptoms
(LUTS), and urinary incontinence (UI) in five countries, 1434 participants with
OAB, both men and women, with UUI experienced significantly more bother than
those without any incontinence [3].

Similarly, the FINNO study found that health-related quality of life (HRQoL)
was significantly impacted by UUI of any severity and frequency [4] and that
patients with UUI can experience social isolation, psychological distress, and fear
of leaving home or avoidance of public settings [7]. Elderly women are especially
susceptible to impairment in quality of life (QoL) with reports of decrease in energy,
increase in pain, emotional and sleep disturbances, social isolation, and mobility
problems compared to that of their age-matched peers [8].

While UUI is undoubtedly bothersome, other OAB symptoms have been found
to be impactful in other populations. In analysis of the Epidemiology of Lower
Urinary Tract Symptoms (EpiLUTS), a cross-sectional population study conducted
in the UK, Sweden, and the USA, urinary urgency was significantly associated with
OAB symptom bother. In Sweden and the UK, urgency increased the odds of report-
ing symptom bother by 7.47 in men and 4.83 in women, while frequency, nocturia,
and UUI were less impactful [5]. In the US population, urinary urgency was also
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Table 4.1 Trials describing the most bothersome overactive bladder symptom

Most bothersome

Trial/author Study design N Outcomes OAB symptom
NOBLE, 2004 [1] | Nested case control 919 | OAB-q, SF-36, Urgency urinary
study of national CES-D, MOS-sleep | incontinence
cross-sectional survey
in the USA
IMPACT, 2006 [2] | Multicenter, open-label 863 | 3-day bladder diary, K Daytime
tx with tolterodine ER OAB-q, PPBC, frequency
x 3 weeks AUA-SI
EPIC, 2008 [3] Case-controlled 1,434 | PPBC, OAB-V8 Urgency urinary
analysis of a incontinence

population-based,
cross-sectional survey
of adults in five

countries

FINNO, 2011 [4] Population-based, 6,000 | DAN-PSS, 15D sore | Urgency urinary
cross-sectional survey incontinence
in Finland

EpiLUTS, 2011 [5] | Population-based, 10,000 | PPBC, OAB-q-SF, | Urinary urgency
cross-sectional, Internet SF-12, HADS,
survey in the Sweden overall health rating
and the UK

EpiLUTS, 2012 [6] | Population-based, 12,374 | PPBC, OAB-q-SF, | Urinary urgency
cross-sectional, Internet SF-12, HADS,
survey in the USA overall health rating

AUA-SI American Urological Association Symptom Index, OAB-V8 Overactive Bladder Awareness
Tool, CES-D Center for Epidemiologic Studies Depression Scale, HADS Hospital Anxiety and
Depression Scale, DAN-PSS Danish Prostate Symptom Score

strongly correlated with symptom bother in both men (r = 0.65) and women
(r=0.70) [6]. In a review of the Improvement in Patients: Assessing Symptomatic
Control with Tolterodine (IMPACT) trial, the most bothersome symptom reported
by patients with continent and incontinent OAB was daytime frequency (47.3% and
27.6%, respectively) followed closely by nocturnal frequency (41.8% and 26.3%,
respectively) [2]. Nocturia in patients with OAB is highly prevalent; however, its
impact on QoL is significantly associated with increasing number of voids per night
[9]. Ultimately, OAB symptoms can be associated with a significant degree of
bother, but it remains important to elucidate patients’ perception of bother associ-
ated with their specific symptoms.

Outcome Measures for OAB

A variety of measures have been used to quantify or assess patient symptoms and
outcomes following intervention for OAB. Traditional measures include those that
can be elicited via patient interview. Specifically, patients are asked to quantify their
daily number of voids, incontinence episodes, number of pads used per day, and
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urgency episodes. This is a commonly utilized outcome measure as it is expeditious
and can be completed during taking of the history of the patient. While there may
exist some discrepancy in actual incontinence episodes and those reported by the
patient, it is likely to reflect the patient’s own perception of their incontinence and
help guide their expectations in management [10].

Bladder Diaries

For further objective assessment of patient symptoms, patients are often asked to
complete a bladder diary (sometimes called a voiding diary or frequency/micturi-
tion chart). A bladder diary is a form completed by the patient with instructions to
document the time and volume of their fluid intake and voids throughout a 24-h
period. Additionally, patients are asked to document sensation of urgency proceed-
ing voids, the presence of incontinence, and the use of incontinence pads or cathe-
terization if needed. Diaries are typically utilized to assess micturition frequency,
the number of urinary incontinence episodes and categorization of incontinence as
stress or urge, mean voided volume (functional bladder capacity), and number and
volume of nocturnal voids [11]. Additionally, bladder diaries will give an accurate
assessment of total urine production (and the relative urine excretion during the day
and at night) which may help in counseling and treatment.

Typically, bladder diaries are completed for a period of 1 to 7 days, utilizing
longer diaries for patients with inconsistent symptoms or fewer daily episodes of
urgency or UUI or variable nocturia. While reliability for bladder diaries improves
with increasing length of documentation, patient compliance decreases. Hence typi-
cally a 3-day diary is deemed sufficient for most patients [12, 13]. These can be
completed prior to initiating intervention and at varying time points during treat-
ment to objectively assess improvement in patient symptoms. In addition to serving
as a diagnostic tool, bladder diaries can also be therapeutic in increasing patient
awareness of the timing of fluid intake and associated frequency, urgency, inconti-
nence, or nocturia. However, bladder diaries can be challenging and inconvenient
for patients to complete, particularly those with cognitive, physical or learning dis-
abilities, poor health literacy, or poor fluency in the language in which they are
written [14]. Additionally, there is no validated form for the bladder diary; hence
they can vary considerably in content, format, duration, and recall period [15].

Patient-Reported Outcomes

While objective measures have an important place in the management of OAB,
subjective patient-reported outcome measures have become favored largely as they
are more representative of treatment success, particularly with a condition such as
OAB which impacts patients largely by affecting QoL. Additionally, while objec-
tive measures may show a biologic response, they do not necessarily correlate with
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patient perception or bother (i.e., Urodynamic evaluation) [16]. Patient-reported
outcomes (PROs) define treatment outcomes that are subjectively reported by the
patient [17, 18]. They are designed specifically to assess the patient’s perception of
the impact of disease and/or treatment on overall health and QoL. Over the last
several years, PROs have progressively been utilized by regulatory bodies to evalu-
ate new pharmaceuticals either alone or in combination with clinician — reported
outcomes — or combined with more objective physiological measures [18]. With
regard to OAB, it has become increasingly clear that defining patient expectations
prior to intervention can influence subjective outcomes [19]. The use of PROs has
thus become commonplace in the management of OAB to assess the patient percep-
tion of severity of disease, impact on QoL, symptom frequency, and treatment sat-
isfaction. Furthermore, it has been recommended that a comprehensive evaluation
should include, at a minimum, symptoms, patient satisfaction, adverse events, and
HRQoL [20].

Patient Questionnaires

A variety of validated surveys, categorized as patient-reported outcomes (PROs),
have been used to better characterize patient outcomes related to OAB. There are
two major types of PROs: generic and disease-specific. Generic PROs are not spe-
cific to one disease type but aim to be applicable to a variety of conditions across a
diverse demographic of patients. They are typically well-studied, reliable, and read-
ily available; however, they may not capture all details relevant to a specific condi-
tion [21]. Condition-specific PROs are created for one specific condition or
diagnosis and typically include questions that are more inclusive of problems cited
by patients with that diagnosis. When selecting an appropriate PRO, it’s important
to select one that is valid, reliable, and responsive for your intended patient popula-
tion that will measure the outcomes that are valuable to the clinician and patient
alike [17, 22, 23].

In 2009, a systematic review of 39 relevant publications was conducted to assess
the impact of urinary incontinence and overactive bladder on QoL. Of those
assessed, ten included patients with OAB and utilized the SF-12, OAB-q,
MOS-SF36, EQ-5d, KHQ, I-QoL, IIQ, and EQ VAS. We have included these and
other relevant PROs in our discussion below (Table 4.2) [24-53].

Disease Specific

Questionnaires Focusing on OAB (+/— Incontinence). King’s Health
Questionnaire (KHQ) The KHQ has undergone a number of revisions with the
most current version [25] validated and reliable in both genders and in culturally
diverse cohorts. It specifically targets patients with lower urinary tract symptoms
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and overactive bladder [54]. It consists of questions in domains of role limitations,
physical limitations, social limitations, personal relationships, emotions, sleep,
energy, and severity (coping) measures. It also assesses symptom severity, inconti-
nence impact, and general health perception. It has been translated in 33 languages
and validated in culturally appropriate populations in several of the 33 translations.

Overactive Bladder Questionnaire (OAB-q) OAB-q is a 33-item questionnaire
that is made up of 8 questions related to symptom bother and 25 specific to HRQoL
[26]. Symptom items address both the frequency and bother of frequency, urgency,
nocturia, and incontinence symptoms. HRQoL items addressed include coping
behaviors, work, commuting and travel, sleep, physical activities, social activities,
self-esteem/psychological well-being, relationships, and sexual function. Items are
answered using 6-point Likert scales for frequency ranging from “none of the time”
to “all of the time” and “not at all” to “a very great deal” for the symptom bother
items (in response to how “bothered” were you). The OAB-q is notable for its abil-
ity to capture both incontinent and continent OAB and has been validated in diverse
populations. It has good psychometric properties including internal consistency,
reliability, test-rest reliability, construct validity, and responsiveness to change.

The Overactive Bladder Questionnaire-Short Form (OAB-SF) is a shortened ver-
sion of the OAB-q created to reduce the burden of patients completing the assess-
ment. It includes 19 items, 6 of which evaluate symptom bother and the remaining
13 assess HRQoL [29]. This was recently validated in both community and clinical
samples with both incontinent and continent OAB.

Patient Perception of Bladder Condition (PPBC) This is a single-item global
bladder questionnaire. On a 6-point scale, patients are asked to rate their perceived
bladder condition as 0 = no problems at all to 6 = many severe problems. The PPBC
is considered to have good test-retest reliability, and construct validity, as it corre-
lated well with bladder diary variables, the KHQ and OAB-q questionnaires, and
reliability. It provides a short and quick assessment of patient perceptions that can
ultimately help discussions regarding expectations with treatment of OAB.

Primary OAB Symptom Questionnaire (POSQ) This is a five-item question-
naire, also called the OAB Bother Rating Scale, which aims to delineate the degree
of bother associated with OAB symptoms and identify which of the symptoms is
most bothersome. While this does not delve into QoL measures, it does allow a vali-
dated form for patients to express their most bothersome symptom and therefore
allow the clinician to choose a treatment paradigm focused at reducing the impact
of that particular symptom [32].

Urgency Questionnaire (UQ) This questionnaire was developed in order to assess
the severity of urinary urgency and its impact on HRQoL with a designated recall
period of 1 week [33]. It includes four subscales including nocturia, fear of inconti-
nence, time to control urge, and impact on daily activities which are assessed using
a 5-point Likert scale as well as four visual analog scales which aim to quantify
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urinary urgency’s severity, intensity, impact, and discomfort. This can be particu-
larly useful in patients with continent OAB as it focuses on urgency and fear of
incontinence which can be predominant in this population.

International Consultation on Incontinence Questionnaire-Overactive Bladder
(ICIQ-OAB) The International Continence Society (ICS) and International
Consultation on Urological Diseases organized the first International Consultation
on Incontinence (ICI), in part, in order to develop a universally applicable question-
naire that could be utilized by a variety of populations to assess urinary tract symp-
toms, named the ICIQ [55]. The ICIQ developed numerous modules relating to
specific urinary, vaginal, and bowel symptoms, one of which is the ICIQ-OAB. This
is a four-item validated instrument created from two existing validated question-
naires: the ICSmale [36] and the Bristol Female Lower Urinary Tract Symptoms
(BFLUTS) Questionnaire [35]. It aims to assess the presence of and bother related
to urinary frequency, nocturia, urgency, and incontinence. It is scored from 0 to 16
with greater values indicating worse severity of symptoms.

Questionnaires Focusing on Incontinence

There are numerous available PRO measures for incontinence, varying from those
that are generic in terms of impact on QoL and others which specifically address
particular features associated with incontinence (i.e., male incontinence, stress uri-
nary incontinence, etc.) We selected those that are commonly used for patients with
OAB to review in this chapter.

International  Consultation on Incontinence Questionnaire-Urinary
Incontinence-Short Form (ICIQ-UI-SF) This is a three-item questionnaire with
one self-assessment that assesses the degree and impact of urinary incontinence
[37]. This has been shown to be associated with the KHQ and number of UUI epi-
sodes on bladder diary and subsequently useful for patients with incontinent
OAB. This may however not be ideal for “dry”” OAB patients.

Incontinence Impact Questionnaire (IIQ) The IIQ consists of 30 items, 24 of
which relate to the impact on UI on a number of daily activities (i.e., shopping,
recreation, activity) and 6 of which assess patient feelings associated with UI (i.e.,
frustration, fear, anger). Each item is answered on a scale of 0 to 4 in relation to how
greatly UI impacts the activity or feeling (0 = not at all to 4 = greatly). The 1IQ
divides the questions into four subscales including activity (six items), travel (six
items), social relationships (ten items), and emotional health (eight items). Total
scoring of the IIQ is on a scale of 400 points similar to that of the UDI (see below)
[39]. The IIQ-7 is shortened version which includes the same subscales in a short-
ened format of seven questions to reduce patient burden and convenience in a clini-
cal setting [40].
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Urogenital Distress Inventory (UDI) The UDI consists of 19 items which assesses
the presence and degree of bother associated with urinary incontinence. The items
are graded on a Likert scale associated with degree of bother (0 = not at all to
4 = greatly). The items are subcategorized into three subscales including irritative
symptoms (6 items), obstructive/discomfort (11 items), and stress symptoms (2
items). When calculated, the total score of all three subscales is summed to give a
value on a scale of 0-300 and provides equal weighting to all subscales [39]. The
UDI-6 is a shortened form utilizing the same subscales (two questions per category)
which has good psychometric properties [40].

Both the UDI and I1Q were validated utilizing a relatively homogenous group of
women that were predominantly Caucasian and high school graduates, considered
mentally competent (MMSE >23) with at least one episode of urinary incontinence
a week. Both were scientifically confirmed to be reliable, valid, and sensitive to
change.

Incontinence-Specific Quality of Life Measure (I-QoL) This validated PRO was
created to assess QoL of both men and women with all subtypes and severities of
urinary incontinence [42]. It includes 22 items addressing 3 major subscales includ-
ing avoidance and limiting behaviors (8 items), psychosocial impacts (9 items), and
social embarrassment (5 items) on a 4-point Likert scale utilizing language created
by patient interviews. It has been further utilized in a variety of patient populations
and specifically demonstrated as reliable, valid, and responsive in patients with
OAB and UlI, particularly in patients who have failed first-line anticholinergic
therapy [43].

Patient Satisfaction Instruments

Overactive Bladder Treatment Satisfaction Questionnaire [44] (OAB-S). The
OAB-S was developed to evaluate patient satisfaction with pharmacologic and non-
pharmacologic treatment of OAB. It was developed in the USA utilizing English-
and Spanish-speaking patients with a diagnosis of OAB undergoing treatment with
antimuscarinics. It consists of five subscales including OAB control expectations
(ten items), impact on daily living with OAB (ten items), OAB control (ten items),
satisfaction with control (ten items), and OAB medication tolerability (six items) in
addition to five stand-alone items regarding fulfillment of expectations, interruption
of day-to-day life, willingness to continue treatment, and improvement of life with
treatment. The questionnaire can be administered pretreatment (21 items) or post-
treatment (41 items).

Several, single-item patient-reported outcomes have been developed to assess
patient satisfaction of treatment. Those include the Treatment Benefit Scale (TBS),
the Subject’s Assessment of Treatment Tolerance (SATT), and the Subject’s
Assessment of Treatment Satisfaction (SATS). The TBS is a single-item question
which assesses the patient perception of their treatment outcome. It is a validated
OAB-specific measure which asks patients to evaluate their change in condition
from prior assessment after undergoing treatment on a scale of 1, greatly improved,
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to 4, worsened during treatment [46]. The SATT asks patients to rate their tolerance
of the treatment provided from 1, inadequate, to 4, excellent [47]. While this does
not relate specifically to patient outcomes with treatment, it discriminated between
patients who did or did not experience adverse events with medication treatment for
OAB. The SATS allows the patient to rate their overall satisfaction with treatment
on a range from 1, extremely satisfied, to 4, not satisfied [47].

Benefit, Satisfaction, and Willingness Questionnaire (BSW) The BSW is an
investigator/clinician-administered tool that can be utilized to evaluate patients’
perceptions of treatment outcomes [45]. It is comprised of three items: (1) per-
ceived benefit with a response of no/little/much benefit, (2) treatment satisfaction
with a yes or no response followed by a qualification of little or very satisfied/dis-
satisfied, and (3) willingness to continue with responses similar to that of satisfac-
tion question. While not specifically asked, the assumption is that the patient will
consider the risks and benefits associated with treatment to provide a response
including side effects, cost, convenience in addition to symptom relief, and impact
on QoL.

Self-Assessment Goal Achievement (SAGA) The SAGA was developed as a
means to create a validated instrument which providers can utilize to allow patients
to clearly identify their treatment goals in both clinical and research practice [48]. It
is designed with the intention to allow patients to selectively answer questions
regarding symptoms or complaints which are of importance to them and provide
open-ended answers to individualize their goals for treatment. The SAGA consists
of two modules, the first made up of nine questions relating the symptoms of
frequency; sensation of pressure leading to use the bathroom; voiding; starting or
maintaining a urine stream; urine loss when coughing, exercising, and sneezing;
urine leakage; and urgency. Additionally, it includes five open-ended questions. On
the baseline and follow-up modules, patients are asked to specify the importance of
the goal and level of goal achievement, respectively, on a 5-point Likert scale [49].
Goal achievement on the follow-up module of the SAGA was shown to be associ-
ated with better HRQoL and fewer symptoms. However, follow-up goal achieve-
ment had low-to-moderate correlation with other validated surveys which assess
patients’ impression of the impact of their symptoms and their HRQoL at baseline.

Generic HRQoL Instruments

Generic measures are widely available and utilized for application in a wide range
of patient populations and conditions. They are often unable to assess the true
impact on QoL of patients with UI with lacking detail on social embarrassment,
avoidance behavior, psychosocial impact, sleep, and impact on sexuality [56].
Therefore, they are often used in combination with condition-specific measures for
patient assessment.
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Short Form Health Survey (SF-36) This generic HRQoL assessment was created
to produce a comprehensive evaluation of patient well-being and perception of gen-
eral health [51, 57, 58]. It evaluates eight domains to assess limitation in physical
activities (ten items), social activities (two items), usual role activities due to physi-
cal (four items) and emotional problems (three items), bodily pain (two items), gen-
eral mental health (five items), vitality (four items), and general health perception
(five items). From those, two aggregate summary measures are created: the physical
component summary (PCS) and the mental component summary (MCS). It has
been tested in patients with a spectrum of socioeconomic characteristics, diagnoses,
and disease severity. The SF-72 is an abbreviated version with only 12 questions of
the same 8 domains selected to reproduce the PCS and MCS subscales. The PCS
and MCS subscales are scored from 0 to 100 with higher scores indicating better
health status.

EuroQol EQ-5D This is an instrument which measures general HRQoL in six
dimensions, mobility, self-care, usual activity, pain, and mood [52]. For each item,
the respondent is asked to rate the degree of problems as no problems, mild/moder-
ate problems, or severe problems. It provides a composite index score which ranges
from O to 100 or worst to best imaginable health state. While it was initially created
and validated in multiple European countries, it has since been validated in the adult
US populations. The EQ VAS is a part of the EQ-5d, which records the patient’s
self-perceived health on a visual analog scale.

International Consortium for Health Outcomes Measurement
(ICHOM) Core Measures for OAB Treatment

The ICHOM is a nonprofit organization that convenes international working groups
with clinicians, researchers, and patients to define standardized outcomes for medi-
cal conditions [59]. Recently, the ICHOM published a core group of outcome mea-
sures to recommend as standard in management of OAB patients [60]. These were
determined by systematic literature review and structured patient group discussions
and scored using the Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) scale [61] and reviewed according to the International Society
for Quality of Life Research (ISOQOL) guidelines [62]. Recommendations were
the inclusion of case-mix factors, specifically, age, sex, BMI, presence of comorbid
bowel conditions, diabetes, cognitive impairment, pelvic organ prolapse, BPH or
prostatitis, history of pelvic surgery, and current use of estrogens or OAB treat-
ments. Patient-reported outcome measurements (PROMs) included in the standard
set are the ICIQ-OAB, OAB-Q SF, ICIQ-FLUTSsex or ICIQ-MLUTSsex, and the
TBS. They include a suggested follow-up timeline with case-mix factors and
PROMs collected at baseline and follow-up with PROMs and treatment satisfaction
and tolerance measures at intervals based on clinician judgment. Success is sug-
gested to be determined by patient definition and positive responses on the TBS.
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ICIQ-Female/Male Sexual Matters Associated with Lower Urinary Tract
Symptoms (ICIQ-FLUTSsex/ICIQ-MLUTSsex) These are four-item question-
naires as part of the ICIQ module aimed to evaluate sexual matters associated with
lower urinary tract symptoms in men and women. In women, it is derived from the
previously published BFLUTS [35] and assesses the impact of urinary symptoms,
presence of pain or urinary leakage from sexual intercourse, and pain or discomfort
due to “dry vagina.” In men, it is derived from the ICSmale short form [63] and
includes items regarding the possibility of erections/orgasms, presence of pain or
discomfort during ejaculation, and the impact of urinary symptoms.

Urodynamics

Multichannel urodynamic evaluation, while not required, can sometimes be under-
taken in patients with OAB providing details on evidence of detrusor overactivity,
early bladder sensation, and reduced maximum cystometric capacity. While previ-
ously considered mandatory, evidence of detrusor overactivity is not seen in patients
with symptoms suggestive of OAB in up to 20-46% of urodynamic evaluations
completed [64, 65]. When completed for usual standard of care, urodynamic evalu-
ation (UDS) prior to and after treatment of OAB, improvement in previous param-
eters can be utilized as an outcome measure for OAB. In patients with detrusor
overactivity, resolution of detrusor overactivity or increase in bladder volume prior
to the presence of an involuntary detrusor contraction can be considered improve-
ment. Additionally, increased volume at first sensation or sense of urgency and
increase in maximum cystometric capacity can also be used to demonstrate physi-
ological changes that are considered to be consistent with overall improvements in
OAB. While UDS does provide quantitative measurement of physiological
“improvement,” these findings clearly do not always correlate with patient satisfac-
tion. Thus failure to show urodynamic improvement does not necessarily imply
failure of an intervention, and thus incorporating its use into routine outcome assess-
ment may be unnecessary and unfruitful.

Cost

Costs associated with the management of OAB are significant — with direct costs
related to medical consultations, diagnostics, medications, and incontinence pads.
In addition, there are numerous indirect costs related to loss of productivity at
work, work absenteeism, associated clinical depression, and resulting falls and
injuries related to rushing to the restroom. In the aforementioned EPIC study,
direct costs ranged from 333 million to 1.2 billion per country and 4.7 billion for
associated nursing home costs and 1.1 billion related to work absenteeism [66]. In
2000, the cost associated with OAB was estimated to be 12.02 billion [67].
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Reduction in cost (economic or specific to the patient) with treatment can be
viewed as an outcome measure. Limited data exists on this topic. An analysis of
275 elderly OAB patients was done to assess anticholinergic adherence utilizing
administrative claims data and its association with healthcare costs. These authors
found that increased adherence was associated with a significant decrease in cost
[68]. However, this finding may be due to worse OAB disease severity resulting in
non-response to anticholinergics and subsequent nonadherence. The use of intra-
vesical onabotulinumtoxinA for overactive bladder was assessed in a cost-conse-
quence analysis of 101 patients in the UK in comparison to standard of care (i.e.,
physician visits, relevant diagnostic tests, continuation of anticholinergics, as well
as costs incurred by patients/employers due to loss of work and transportation).
These authors found the cost-effectiveness ratio (CER), or cost per quality-
adjusted life year gained (QALY), of £510 for patients with idiopathic OAB per
improved patient-year relative to standard care [69]. This is significantly lower
than the CER threshold defined by the National Institute for Health and Care
Excellence of £20,000-£30,000 per QALY proving the cost-effectiveness of
treatment [70].

Patient Pre-set Expectations

Despite the variety of tools available to provide qualitative and quantitative mea-
sures of improvement in patient outcomes, arguably the most valuable is determina-
tion of patient’s expectations prior to treatment. They have been described as
“powerful predictors of treatment outcomes” as they are largely related to the pla-
cebo effect [19]. Patient expectations can have a significant impact on their percep-
tion of symptoms as patients fixate on certain symptoms and ignore others with
waxing and waning intensity based on motivation, anxiety, or other coexisting fac-
tors. Patient expectations can be variable depending on patient subjective desires
(i.e., to sleep through the night versus to reduce incontinent episodes during the day)
and their comorbid conditions and baseline health and QoL. It is vital to clearly
identify this on the first patient encounter and utilize shared decision-making to
determine a treatment that will aim to meet their expectations to a reasonable degree.
Ultimately it remains the provider’s responsibility to assess if that selected treat-
ment is meeting the patient expectations. This certainly is an area for future
exploration.

Conclusions

With a variety of outcome measures available to the practicing clinician, it is chal-
lenging to select one that is expeditious, easy to understand, and complete and pro-
vides a thorough assessment of the patient satisfaction or outcome.
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Still, to optimize patient care and satisfaction, it is imperative to assess patient

expectations in order to provide appropriate counseling focusing on realistic out-
comes the patient can expect following intervention. Choosing a practical outcome
measure for one’s own particular practice, focusing on at least one PRO, seems
reasonable in order to improve overall patient satisfaction.
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Chapter 5
National and International Guidelines
for Overactive Bladder

Lindsey Cox

Introduction

Overactive bladder syndrome (OAB) is an extremely prevalent and bothersome
condition [1-3]. There are several clinical guidelines for OAB, as there are for many
common prevalent conditions. Clinical guidelines have become a major part of
medical practice. Guidelines attempt to synthesize the available best evidence to
answer common clinical questions and to provide a framework for treatment of
common conditions. There are so many guidelines that there are guideline clearing-
houses that summarize and appraise the content of the available guidelines, as well
as published “Guideline of Guidelines” [4]. This chapter will review the major
guidelines that have recommendations for pharmacotherapy of OAB.

It is imperative that clinicians recognize that guidelines are not the legal “stan-
dard of care” and that clinical expertise is not supplanted by guidelines. Guidelines
can help streamline decision-making, but not every patient is the index patient that
the committee had in mind when developing a guideline, and, furthermore, personal
preferences and individual values should be elicited and taken into account when
making clinical decisions for individual patients. All providers who care for OAB
patients should be familiar with the major guidelines that apply to the workup and
treatment of this highly prevalent condition.

There is a specific framework set out by each guideline-producing entity on how
the document was created, which is commonly described at the beginning of the
guideline. There are general steps for guideline production, including convening a
panel or committee for guideline development, defining specific questions to be
answered by the guideline, determining a search strategy for systematic reviews of
the evidence, screening items for relevance, determining how the evidence will be
evaluated, and creating recommendations that answer the questions based on the

L. Cox
Department of Urology, Medical University of South Carolina, Charleston, SC, USA
e-mail: coxli@musc.edu

© Springer Nature Switzerland AG 2019 67
L. Cox, E. S. Rovner (eds.), Contemporary Pharmacotherapy of Overactive
Bladder, https://doi.org/10.1007/978-3-319-97265-7_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97265-7_5&domain=pdf
mailto:coxli@musc.edu

68 L. Cox

evidence, often with a rating of both the level of evidence that contributed and the
strength of the recommendation. Some documents use previously published guide-
lines as a basis for recommendations. Most guideline committees use a grading
system to determine the level of evidence for each included item.

Systems that define levels of evidence were initially developed by various groups
to assess the evidence used to answer specific questions. The first report of this type
of system was published by the Canadian Task Force on the Periodic Health
Examination in 1979 and was developed to qualify the literature used to generate
recommendations about what to include in the periodic health exam [5]. Other
groups modified or expanded on this type of system to assess the evidence they used
for various purposes, including creating guidelines; however, not every purpose
uses the same grading system. For example, when looking at evidence for disease
prognosis, prospective cohorts or systematic reviews of prospective cohorts would
have the highest level of evidence, not randomized controlled trials (RCTs), which
typically are assigned the highest level. Some guideline committees use existing
systems, and some modify or create their own systems. The Oxford system is com-
monly used and is outlined in Table 5.1 [6]. The Oxford system was developed to
help clinicians assess the evidence used to answer questions about treatments, and
the 2011 version has been revised and simplified from the widely used first version
that was put forth in 2009 [7]. The description of the individual guideline’s creation
and use of the systems for defining levels of evidence and grading recommendations
is a good resource for understanding the context of the recommendations and the
basis from which they were formulated.

Each guideline discussed below contains some recommendations related to phar-
macotherapy of OAB, although many of the guidelines present these recommenda-
tions in the context of more general clinical entities, such as “Lower Urinary Tract
Symptoms” or “Incontinence.” The guidelines contain far more comprehensive
information than is presented here, and further reading of the guidelines in their
entirety is recommended.

American Urological Association/Society of Urodynamics,
Female Pelvic Medicine and Urogenital Reconstruction
(AUA/SUFU)

The Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction
(SUFU) and the American Urological Association (AUA) came together to formu-
late a guideline for the diagnosis and treatment of OAB. This guideline was first
published in 2012 and amended in 2014 [8]. The AUA, for all of its guideline docu-
ments, categorizes evidence strength as Grade A, “well-conducted RCTs or excep-
tionally strong observational studies”; Grade B, “RCTs with some weaknesses of
procedure or generalizability or generally strong observational studies”; or Grade C,
“observational studies that are inconsistent, have small sample sizes or have other
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Table 5.1 Oxford Centre for Evidence-Based Medicine 2011 levels of evidence
Step 1 Step 2 Step 5
Question (level 1%) (level 2%) Step 3 (level 3*) | Step 4 (level 4%) | (level 5)
How Local and Systematic Local Case series® n/a
common is | current review of nonrandom
the random surveys that sample®
problem? sample allow matching
surveys (or to local
censuses) circumstances®
Is this Systematic Individual Nonconsecutive | Case-control Mechanism-
diagnostic | review of cross-sectional | studies or studies or poor | based
or Cross- studies with studies without | or reasoning
monitoring | sectional consistently consistently nonindependent
test studies with | applied applied reference
accurate? | consistently | reference reference standard®
(diagnosis) | applied standard and standards®
reference blinding
standard and
blinding
What will Systematic Inception Cohort study or | Case series or | n/a
happen if review of cohort studies | control arm of | case-control
we do not inception randomized studies or
add a cohort studies trial® poor-quality
therapy? prognostic
(prognosis) cohort study®
Does this Systematic Randomized Nonrandomized | Case series, Mechanism-
intervention | review of trial or controlled case-control, or | based
help? randomized | observational | cohort/follow-up | historically reasoning
(treatment | trials or study with study® controlled
benefits) n-of-1 trials | dramatic effect studies®
What are Systematic Individual Nonrandomized | Case series, Mechanism-
the review of randomized controlled case-control, or | based
COMMON | randomized | trial or cohort/follow-up | historically reasoning
harms? trials, (exceptionally) | study (post- controlled
(treatment | systematic observational | marketing studies®
harms) review of study with surveillance)
nested dramatic effect | provided there
case-control are sufficient
studies, numbers to rule
n-of-1 trial out a common
with the harm (for
patient you long-term
are raising the harms, the

question
about, or
observational
study with
dramatic
effect

duration of
follow-up must
be sufficient)®

(continued)
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Table 5.1 (continued)
Step 1 Step 2 Step 5
Question (level 1%) (level 2%) Step 3 (level 3*) | Step 4 (level 4%) | (level 5)
What are Systematic Randomized
the RARE review of trial or
harms? randomized | (exceptionally)
(treatment | trials or observational
harms) n-of-1 trial study with
dramatic effect
Is this (early | Systematic Randomized Nonrandomized | Case series, Mechanism-
detection) review of trial controlled case-control, or | based
test randomized cohort/follow-up | historically reasoning
worthwhile? | trials study® controlled
(screening) studies®

© OCEBM [6], with permission

“Level may be graded down on the basis of study quality, imprecision, and indirectness (study
PICO does not match questions PICO), because of inconsistency between studies or because the
absolute effect size is very small; level may be graded up if there is a large or very large effect size
"As always, a systematic review is generally better than an individual study

problems that potentially confound interpretation of data.”” The AUA guideline
nomenclature links the guideline statement type to the evidence strength: “Standards
are directive statements that an action should (benefits outweigh risks/burdens) or
should not (risks/burdens outweigh benefits) be undertaken based on Grade A (high
level of certainty) or Grade B (moderate level of certainty) evidence.
Recommendations are directive statements that an action should (benefits outweigh
risks/burdens) or should not (risks/burdens outweigh benefits) be undertaken based
on Grade C (low level of certainty) evidence. Options are non-directive statement
that leaves the decision regarding an action up to the individual clinician and patient
because the balance between benefits and risks/burdens appears equal or appears
uncertain based on Grade A (high quality; high certainty), B (moderate quality;
moderate certainty), or C (low quality; low certainty) evidence. Clinical Principles
are statements about a component of clinical care that is widely agreed upon by
urologists or other clinicians for which there may or may not be evidence in the
medical literature. Expert Opinions are statements, achieved by consensus of the
Panel, that are based on members’ clinical training, experience, knowledge, and
judgment for which there is no evidence” [8].%

Table 5.2 summarizes the AUA/SUFU guideline statements that pertain to phar-
macologic therapy. Overall, the AUA/SUFU guideline makes strong statements for
the use of antimuscarinics, f3;-agonists, and botulinum toxin for treatment, but none
of the recommendations are based on Grade A evidence. Several of the guideline
recommendations are “Clinical Principles” that help the clinician navigate the use
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Table 5.2 American Urological Association; Society of Urodynamics, Female Pelvic Medicine
and Urogenital Reconstruction. Guideline statements pertaining to pharmacotherapy of overactive

bladder [8]
Evidence

Statement Category strength
Guideline Behavioral therapies may be combined with Recommendation | Grade C
Statement 7 pharmacologic management
Guideline Clinicians should offer oral antimuscarinics or Standard Grade B
Statement 8 oral f;-adrenoceptor agonists as second-line

therapy
Guideline If immediate-release (IR) and extended-release | Standard Grade B
Statement 9 (ER) formulations are available, then ER

formulations should preferentially be prescribed

over IR formulations because of lower rates of

dry mouth
Guideline Transdermal (TDS) oxybutynin (patch [now Recommendation | Grade C

Statement 10

available to women ages 18 years and older
without a prescription] or gel) may be offered

Guideline
Statement 11

If a patient experiences inadequate symptom
control and/or unacceptable adverse drug events
with one antimuscarinic medication, then a dose
modification or a different antimuscarinic
medication or a f;-adrenoceptor agonist may be
tried

Clinical principle

Guideline
Statement 12

Clinicians should not use antimuscarinics in
patients with narrow-angle glaucoma unless
approved by the treating ophthalmologist and
should use antimuscarinics with extreme caution
in patients with impaired gastric emptying or a
history of urinary retention

Clinical principle

Guideline
Statement 13

Clinicians should manage constipation and dry
mouth before abandoning effective
antimuscarinic therapy. Management may
include bowel management, fluid management,
dose modification, or alternative antimuscarinics

Clinical principle

Guideline
Statement 14

Clinicians must use caution in prescribing
antimuscarinics in patients who are using other
medications with anticholinergic properties

Expert opinion

Guideline
Statement 15

Clinicians should use caution in prescribing
antimuscarinics or f;-adrenoceptor agonists in
the frail OAB patient

Clinical principle

Guideline
Statement 16

Patients who are refractory to behavioral and
pharmacologic therapy should be evaluated by
an appropriate specialist if they desire additional
therapy

Expert opinion

(continued)
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Table 5.2 (continued)

Evidence
Statement Category strength
Guideline Clinicians may offer intradetrusor Standard option | Grade B
Statement 17 | onabotulinumtoxinA (100 U) as third-line C

treatment in the carefully selected and
thoroughly counseled patient who has been
refractory to first- and second-line OAB
treatments. The patient must be able and willing
to return for frequent post-void residual
evaluation and able and willing to perform
self-catheterization if necessary

Guideline Practitioners and patients should persist with Expert opinion
Statement 20 | new treatments for an adequate trial in order to
determine whether the therapy is efficacious and
tolerable. Combination therapeutic approaches
should be assembled methodically, with the
addition of new therapies occurring only when
the relative efficacy of the preceding therapy is
known. Therapies that do not demonstrate
efficacy after an adequate trial should be ceased

of pharmacotherapy.SUFU has also put forth a “Clinical Care Pathway” alongside
the guideline that contains resources to help both clinicians and patients navigate
OAB treatment (Fig. 5.1).

International Consultation on Incontinence (ICI): 6th Edition

The International Consultation on Urologic Diseases (ICUD) is a nongovernmental
organization that is registered under the World Health Organization. The ICUD has
produced several consultations on urinary incontinence, most recently the Sixth
International Consultation on Incontinence (ICI) [6]. The sixth edition of the ICI
book, produced with the support of the International Continence Society, is essen-
tially an extended guideline that analyzes the evidence and makes recommendations
based on a modification of the Oxford Centre for Evidence-Based Medicine system
discussed earlier [9]. The chapter ‘“Pharmacological Treatment of Urinary
Incontinence” addresses drugs used for the treatment of OAB (Table 5.3).

Most of the antimuscarinics (darifenacin, fesoterodine, imidafenacin, solifena-
cin, tolterodine, trospium, oxybutynin, and propiverine) were given Grade A recom-
mendations based on consistent level 1 evidence. Mirabegron was also given a
Grade A recommendation. Phosphodiesterase 5 inhibitors sildenafil, tadalafil, and
vardenafil were given a Grade B recommendation. Botulinum toxin was given a
Grade A recommendation for both neurogenic and idiopathic bladder dysfunction.

No antidepressants (imipramine or darifenacin) or alpha blockers had higher
than a Grade C recommendation specifically for the treatment of OAB and urinary
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SUFU

SOCIETY OF

URODYNAMICS,

FEMALE PELVIC MEDICINE &
UROGENITAL RECONSTRUCTION

Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction Foundation

Overactive Bladder Clinical Care Pathway

Overactive Bladder Syndrome (OBA)
A clinical syndrome characterized by the presence of urinary urgency, usually accompanied by frequency and nocturia,
with or without urgency urinaryincontinence in the absence of obvious pathology

Diagnostic Goal: Required Evaluation: Optional Evaluation: performed at provider's discretion
Vo] JiETe | Il | To document symptoms ||»  History/Assessment of ||e  Post void residual urine
and signs that Lower Urinary Tract (if retention is suspected)
tchara\(lzttzrizemOAB and Symy.tatc(yjms {'LUTS)E o Bladder diary
9 exciude other onset, duration, an * Urodynamics, cystoscopy and diagnostic renal/
dlsorderfs th?t ctn?uld be . gi%:ﬁgu?ifnbrgg:orbidities bladder ultrasound should not be used in the
cause{ of patient's e Fluid Intakg initial work-up of the uncomplicated patient,
symptoms e PE but may be used in complicated or refractory
«  Urinalysis patients at provider’s discreation
Patients Patient Discussion: Establish Treatment Plan/Expectations:
Education e Discuss healthy bladder habits e OAB is variable and chronic symptom complex,
e Review normal bladder function with bo single ideal treatment
e Discuss normal uid intake and voided e Available treatments vary in required patient effort,
volumes invasiveness, risk, and reversibility
+  Whatis normal vs. abnormal frequency? e Most OAB treatments can improve but do not
: ’ eliminate symptoms

1st Line Behavior/Lifestyle: . Urgg suppression, PFMT, bladder If at any point during
& Sholud be discussed training Reassess || treatment the patient
o and offered as first line| | * Dietary modification After 4 - 8 || is satisfied, continue
Initial therapy to all patients || *® Therapies may be instituted at any time Weeks || present treatment. If
Treatment and combined with pharmacotherapy inadequate symptom
o Optimal treatment duration/trial 4-8 relief, consider
weeks adding medication,

dose escalation,
change in medication,

2nd Line Pharmacotherapy: o Current classes of medications include: combination
Treat t Initiate if inad t Antimuscarinics, Beta-3 agonist antimuscarinic and
rea_ mgn [nitiate | matequa e « Choice of class or medication depends Beta-3 agonist
(medication) |n_1t|?1rovemen . on age, comorbidities, concomitant medication, consider

x;nzogfneer:?;zt medications, formulary restriction 31 ine treatments or
providger‘s discretion o Trial of pharmacotherapy should refer to specialist.
if the symptoms be at least 4-8 weeks
warranted to be o Manage side effects (if present)
bothersome enough o Avoid costiopation

o Adjust uids, drymouth aids
o Patient medication aid tool*
o Medication change or dose

adjustment *Coming Soon

Fig. 5.1 Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction
(SUFU) Foundation. The SUFU Foundation Overactive Bladder Clinical Care Pathway. (Courtesy
and with permission of SUFU www.sufu.org.com)
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Table 5.3 International Consultation on Incontinence (ICI) recommendations regarding drug

therapy for overactive bladder and urinary incontinence

Level of evidence

‘ Grade of recommendation

Antimuscarinic drugs

Atropine, hyoscyamine

Darifenacin

Fesoterodine

Imidafenacin

Propantheline

Solifenacin

Tolterodine

Trospium

e e L R e R B ¥

> W > >0

Drugs with mixed actions

Oxybutynin

Propiverine

> | >

Flavoxate

Drugs acting on membrane channels

Calcium antagonists

K-channel openers

Antidepressants

Imipramine

(@)

Duloxetine

[\8}

@]

Alpha-AR antagonists

Alfuzosin

Doxazosin

Prazosin

Terazosin

Tamsulosin

Silodosin

Naftopidil

W W W W | W W Ww

aaoaoaoaan

Beta-AR antagonists

Terbutaline ()

o

Salbutamol (f3,)

w | w

(@)

Mirabegron (f;)

>

PDE-5 inhibitors®

(sildenafil, tadalafil, vardenafil)

COX inhibitors

Indomethacin

Flurbiprofen

(continued)
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Table 5.3 (continued)

Level of evidence Grade of recommendation
Toxins
Botulinum toxin (neurogenic)® 1 A
Botulinum toxin (idiopathic)® 1 A
Capsaicin (neurogenic)® 2 C
Resiniferatoxin (neurogenic)® 2 C
Other drugs
Baclofen® 3 C
Hormones
Estrogen 2 C
Desmopressin? 1 A

From Abrams et al. [9], with permission of the International Continence Society
Intrathecal

“Intravesical

‘Bladder wall

YNocturia (nocturnal polyuria), caution hyponatremia, especially in the elderly.
¢(Male LUTS/OAB)

incontinence (UI). (Grade C recommendation usually depends on level 4 studies or
“majority evidence” from level 2/level 3 studies or Delphi-processed expert opin-
ion.) Estrogens were also evaluated as treatments for OAB symptoms, with a
description of the evidence for both systemic and local (topical) therapy. These
drugs were assessed as having a level of evidence of 2 and were given an overall
grade of recommendation C regarding the treatment of OAB and UI. The authors
note that systemic therapy has not been proven to be effective in reducing OAB
symptoms in a meta-analysis and that the evidence suggests that local therapy
reduces incontinence.

The chapter authors also provide extensive safety information regarding use of
all of these treatments in the older adult, which is a very useful summary of the
evidence for cognitive and cardiac safety in pharmacotherapy for OAB. No specific
recommendations are made in this section, but this review is recommended reading
for all providers who treat these conditions.

UK National Institute for Care and Clinical Excellence
(NICE)

There are two guidelines produced by the UK National Institute for Health and Care
Excellence (NICE) organization that pertain to pharmacotherapy of OAB. The first
is Urinary Incontinence in Women: Management. This guideline from 2013 replaces
the first version from 2006; it was most recently updated in November 2015 [10].
The guideline reports detailed recommendations for counseling patients on OAB
pharmacotherapy and choosing OAB drugs. These recommendations include dis-
cussing adverse events and expected benefits of treatment prior to initiating



5 National and International Guidelines for Overactive Bladder 77

pharmacotherapy for OAB. The guideline also recommends starting with the lowest
dose of a medication, then offering either a face-to-face or telephone review in
4 weeks. If there is suboptimal improvement or intolerable side effects, the recom-
mendations are to offer dose escalation or another drug with the lowest cost, with
transdermal treatment reserved for patients unable to tolerate oral medication. The
guideline also addresses desmopressin use for nocturia, with recommendations to
use with caution in women with cystic fibrosis and to avoid use in patients over 65
with hypertension or cardiovascular disease. The guideline also addresses hormone
therapy, recommending against the use of systemic hormone therapy but offering
intravaginal estrogen for the treatment of OAB symptoms in postmenopausal
women with vaginal atrophy.

NICE also has a guideline specifically regarding the use of mirabegron [11]. This
is a separate document outlining recommendations for the use of mirabegron in
OAB. The major recommendation includes consideration for clinical effectiveness
and cost-effectiveness and recommends mirabegron as an “option” for patients in
whom antimuscarinics are contraindicated or ineffective or have side effects that are
not tolerable.

American College of Obstetricians and Gynecologists (ACOG)
and the American Urogynecologic Society (AUGS)

A joint document of the American College of Obstetricians and Gynecologists and
the American Urogynecologic Society by the Committee on Practice Bulletins was
published in 2015 [12]. This document is essentially more of a review than a guide-
line. There is a summary of conclusions and recommendations graded level A for
“good and consistent scientific evidence,” level B for “limited or inconsistent scien-
tific evidence,” and level C “based primarily on consensus and expert opinion” at
the end of the document, but pharmacotherapy, other than botulinum toxin injec-
tion, is not addressed in these conclusions. Antimuscarinic therapy and mirabegron
are both described as improving continence in OAB, and topical, but not systemic,
estrogen therapy is also described as having “some benefit” for decreasing inconti-
nence. The recommendation that “intradetrusor onabotulinumtoxinA may be a
treatment option for OAB in appropriate patients, and consideration of its use
requires shared decision-making between the patient and physician” was also
graded level A.

American Urogynecologic Society

The AUGS Guidelines Committee also produced a consensus statement regarding
the use of anticholinergics. The committee recommends that providers counsel
patients on increased risks of cognitive impairment and dementia, prescribe the
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lowest effective dose, and consider alternative medications when possible. The
committee also recommends consideration of third-line therapies in patients who do
not wish to use medications for OAB due to adverse events.

European Association of Urology (EAU)

The European Association of Urology has two guidelines that address pharmaco-
therapy for OAB: the EAU Guidelines on Assessment and Nonsurgical Management
of Urinary Incontinence [13] and EAU Non-neurogenic Male Lower Urinary Tract
Symptoms (LUTS) Guidelines [14]. Standard procedure for EAU guidelines
includes annual updates.

The EAU Guidelines on Assessment and Nonsurgical Management of Urinary
Incontinence addresses incontinence generally but does have specific recommenda-
tions for pharmacotherapy for urgency Ul in index patients and in the elderly. The
recommendations for drugs for urgency UI all come with a strength rating of
“Strong” and include the following: (1) offer antimuscarinics or mirabegron for
patients who have failed conservative therapy, (2) consider the use of extended-
release formulations of antimuscarinics when possible, (3) consider dose escalation
or alternative antimuscarinic or mirabegron or combination therapy if initial anti-
muscarinic is ineffective, and (4) encourage the early review of efficacy and side
effects for patients on antimuscarinics. They also offer a recommendation on the
cautious use of antimuscarinics in the elderly, also with a “Strong” strength rating.

The EAU Non-neurogenic Male Lower Urinary Tract Symptoms (LUTS)
Guidelines were first published in 2000. The 2017 document presented a compre-
hensive update of the 2016 publication. The guideline authors address antimusca-
rinic use in men with LUTS including OAB. Recommendations are based on level
2 evidence. A “Strong” recommendation was made for using antimuscarinics in
men with “moderate to severe LUTS who mainly have bladder storage symptoms,”
and a “Weak” recommendation is made, suggesting not using antimuscarinics in
men with post-void residual (PVR) >150 cc, based on evidence that antimuscarinic
monotherapy can increase PVR, noting that acute retention is a rare event with PVR
below this threshold.

Canadian Urological Association (CUA)

The Canadian Urological Association Guideline on Adult Overactive Bladder was
published in 2017 [15]. The guidelines note their use of primary literature searches
as well as evidence from other guidelines and used the Oxford grading system. The
guideline addresses pharmacotherapy of OAB in the sections labeled “Second-line
treatment,” “Special considerations in frail older people,” and “Third-line treat-
ment.” The guideline recommends that “Second-line treatment of OAB should
include the use of oral AMs [antimuscarinics], transdermal oxybutynin or oral 3;
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adrenoceptor agonist (Evidence strength Grade A).” The guideline also recom-
mends starting with lowest recommended dose, considering contraindications and
adverse events when prescribing, and offering an alternative if the initial prescribed
therapy is ineffective. The guideline states, “Immediate release formulations of
AMs should be avoided if other formulations are available (Evidence strength Grade
A),” and notes that combination therapy with solifenacin and mirabegron is an
option with evidence strength Grade C.

The guideline has a large section that describes considerations for treating OAB
in frail older persons. The summary recommendations include “Age-related changes
in pharmacokinetics affect AM drugs for Ul and these factors should be incorporated
into treatment planning (Evidence strength Grade B)” and “Drugs may be effective
at lower doses in frailer compared with healthier older persons (Evidence strength
Grade C).” The guideline authors also note that polypharmacy is a common issue in
this population and can lead to drug-drug interactions and that antimuscarinics are
potentially inappropriate medications for frail older people, with particular attention
to counseling patients on cholinesterase inhibitors, used for dementia, prior to using
an antimuscarinic for OAB.

The guideline recommends that “OnabotulinumtoxinA (100 U) may be offered
as long-term therapy to carefully selected patients with symptoms of frequency,
urgency, and urgency incontinence who have had an inadequate response to or are
intolerant of OAB pharmacotherapy (Evidence strength Grade A).” The guideline
goes on to state that careful counseling must occur regarding the need for repeated
injection, the likelihood of needing catheterization, and the need for follow-up.

Society of Obstetricians and Gynaecologists of Canada (SOGC)

The Society of Obstetricians and Gynaecologists of Canada developed a Clinical
Practice Guideline on “Treatments for Overactive Bladder: Focus on Pharmacotherapy,”
which was published in 2012 [16]. The guideline has been “reaffirmed for current use”
per their website. The recommendations were made using the grading of recommenda-
tion ranking described by the Canadian Task Force on Preventive Health Care.

Recommendations with a I-A ranking, meaning “evidence obtained from at least
one properly randomized controlled trial” with “good evidence to recommend the
clinical ... action,” include recommendations for oxybutynin, tolterodine, trospium,
solifenacin, and darifenacin as treatment for OAB with similar objective efficacy.
Oxybutynin is specifically noted to have superior cost-effectiveness but more side
effects than the other oral options, and transdermal oxybutynin is noted to have fewer
adverse events than oral. The guidelines also recommend offering patients a choice
among bladder training and functional electric and anticholinergic therapy. Vaginal
estrogen, not oral or transdermal, is recommended for OAB symptoms with level
III-B ranking (opinions of authorities, based on clinical experience or reports of expert
commiittees; fair evidence to recommend clinical action). Intravesical botulinum toxin
injection, sacral nerve stimulation, and percutaneous tibial nerve stimulation are rec-
ommended for patients with refractory symptoms with a I-A ranking.
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Conjoint Urological Society of Australia and New Zealand
(USANZ) and Urogynaecological Society of Australasia
(UGSA)

The USANZ/USGA Guidelines on the management of adult non-neurogenic OAB
were published in 2016 [17]. The recommendations were formulated based on the
Oxford Level of Evidence Scale. The guidelines address pharmacotherapy for OAB
along with diagnosis and surgical management. Medical therapy for OAB with anti-
muscarinics (oxybutynin, tolterodine, solifenacin, and darifenacin) was given a Grade
A recommendation based on level 1a evidence. Topical estrogens are recommended
with a Grade A recommendation based on level 1b evidence for postmenopausal
women with UI and vaginal atrophy. Desmopressin is recommended with a Grade B
recommendation based on level 1b evidence for patients with bothersome nocturnal
frequency or nocturnal polyuria with serum sodium and blood pressure monitoring,
using the lowest dosage possible on initiation of therapy. Mirabegron is recommended
with a Grade A recommendation based on level 1b evidence, and the guideline notes
that the cardiovascular side effects appear to be clinically insignificant and the drug is
well tolerated in the older adult. The use of botulinum toxin for third-line treatment
received a Grade A recommendation based on level 1 evidence, with recommendation
of offering this therapy after two or more pharmacological therapies.

American College of Physicians

The American College of Physicians (ACP) published a Clinical Practice Guideline
on the Nonsurgical Management of Urinary Incontinence in Women in 2014 [18].
This guideline’s target audience includes all clinicians and is based on an Agency
for Healthcare Research and Quality systematic evidence review.

There are two main recommendations that apply to pharmacotherapy for Ul/
lower urinary tract symptoms: “The ACP recommends against treatment with sys-
temic pharmacologic therapy for stress UL (Grade: strong recommendation, low-
quality evidence)” and “The ACP recommends pharmacologic treatment in women
with urgency Ul if bladder training was unsuccessful. Clinicians should base the
choice of pharmacologic agents on tolerability, adverse effect profile, ease of use,
and cost of medication. (Grade: strong recommendation, high-quality evidence).”

American Geriatrics Society

The American Geriatrics Society Beers Criteria document is one of the most fre-
quently consulted sources for prescribing medications for older adults [19]. The 2015
update includes recommendations on medications used for the treatment of UI and
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lower urinary tract symptoms. The guideline also reviews other medications that pre-
scribers should be aware of when utilizing certain classes of drugs in the elderly.
Desmopressin is listed as a “potentially inappropriate medication (PIM)” in
older adults due to the risk of hyponatremia. This was given a “Strong” recommen-
dation with a “Moderate” level of evidence. A “Strong” recommendation with a
“Moderate” quality of evidence was given to avoid or minimize the number of anti-
cholinergic drugs in elderly patients due to the increased risk of cognitive decline.

Cochrane

Cochrane is a nonprofit, nongovernmental organization based out of the United
Kingdom that conducts systematic reviews of evidence to answer clinical questions.
While not a guideline, the Cochrane Reviews are a helpful collection of resources
for the clinician. Notably, many of the guideline committees utilize these systematic
reviews during the creation of the guidelines above; however, the reviews are also
useful as stand-alone documents that review the evidence for individual
treatments.

There are several Cochrane Reviews that are germane to the topic of pharmaco-
therapy of OAB:

1. Anticholinergic drugs versus other medications for OAB syndrome in adults
(20]

Anticholinergic drugs versus placebo for OAB syndrome in adults [21]
Botulinum toxin injections for adults with OAB syndrome [22]

Which anticholinergic drug for OAB symptoms in adults [23]

Anticholinergic drugs versus non-drug active therapies for non-neurogenic over-
active bladder syndrome in adults [24]

6. Desmopressin for treating nocturia in men [25]

Al

Conclusions

Clinical guidelines are an invaluable resource for the practicing clinician treating
patients with OAB. Pharmacotherapy for OAB is addressed in numerous clinical
guidelines, which tend to agree on the use of antimuscarinics and mirabegron for
second-line therapy, after conservative management. The guidelines also generally
agree that there is good quality evidence for the use of botulinum toxin in patients
who are refractory to oral pharmacotherapy.
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SCI Spinal cord injury

STAR Solifenacin and tolterodine as an active comparator in a randomized
trial

TDS Transdermal delivery system

TOLT Tolterodine

UUI Urgency urinary incontinence

Introduction

The lower urinary tract (LUT) includes the bladder, the urethra, the prostate in men,
and the surrounding nerves, muscles, and fascias and serves two basic functions:
storage of urine and emptying of urine. Failure of the LUT to adequately store urine
may be secondary to pathology in the bladder, the outlet (urethra and prostate), or
the surrounding structures. The most common etiology is overactive bladder (OAB),
a syndrome of urgency, with or without urgency urinary incontinence (UUI), usu-
ally associated with frequency and nocturia [1].

OAB may be the result of increased bladder sensation during bladder filling or
result from involuntary bladder contractions, termed detrusor overactivity (DO).
Heightened or altered sensation of the bladder may manifest as urinary urgency, with
or without DO, and is commonly associated with neurologic disease, inflammatory
processes of the bladder, bladder outlet obstruction, aging, and psychosocial stress
or may be idiopathic [2]. Therapy is aimed at decreasing sensory (afferent) input,
decreasing involuntary (efferent) contractions, and increasing bladder capacity.

Uropharmacology

Pharmacology of the LUT or “uropharmacology” addresses the neural innervation
and receptor contents of the bladder, urethra, and surrounding structures. The tar-
gets of pharmacologic intervention include not only these structures but also the
peripheral nerves and ganglia that supply these tissues and the central nervous
system (CNS), including the spinal cord and supraspinal areas [3]. Specifically,
pharmacologic targets include nerve terminals, which alter the release of neu-
rotransmitters, receptor subtypes, cellular second messenger systems, and ion
channels [4]. The autonomic nervous system assumes primary control over the two
functions of the LUT; however, due to its lack of specificity and ubiquitous nature
of its receptors, there are no pharmacologic agents that are purely selective for the
LUT. Consequently, side effects of treatment are common and are the result of col-
lateral effects on organ systems that share some of the same neurophysiologic or
pharmacologic characteristics as the bladder and urethra [2].

Our approach to pharmacologic management of OAB is to start with the sim-
plest and least expensive form of treatment first. Continued use of behavioral and
dietary modifications is encouraged. After assessment of efficacy and side effects,
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appropriate dose escalation and/or substitution with another, potentially more
costly, therapeutic option can be offered. Alternatively, a combination of agents or
drugs can be used, ideally with synergistic mechanisms of action and non-synergis-
tic side effects. In our experience, although great improvement can occur with ratio-
nal pharmacologic therapy, a perfect result, i.e., the restoration to normal function,
is seldom achieved.

Antimuscarinic Agents

Physiologic bladder contractions are thought to be primarily triggered by acetylcho-
line (ACh)-induced stimulation of postganglionic parasympathetic muscarinic cho-
linergic receptor sites on bladder smooth muscle [3, 5]. Atropine and other
antagonists of ACh, which bind these receptor sites, will depress normal bladder
contractions and involuntary bladder contractions of any cause [3, 6]. In addition,
these agents increase the volume to first involuntary contraction and the total blad-
der capacity and decrease the amplitude of the contraction [7].

The commonly held belief regarding antimuscarinic drugs is that they competi-
tively bind to receptors on the detrusor during the filling/storage phase, that are other-
wise stimulated by ACh during micturition, thereby decreasing contraction of the
bladder. During normal bladder filling and storage, there is no sacral parasympathetic
outflow [8]; therefore, it is likely that alternative mechanisms are responsible for the
antimuscarinic effects on the filling/storage phase of the micturition cycle.
Antimuscarinics have been found to increase bladder capacity and decrease urgency.
Muscarinic receptors are also present in bladder urothelium and suburothelium [9],
and there is a basal acetylcholine release in human detrusor muscle, which may be
produced, at least partly, by the urothelium and suburothelium [10]. This suggests that
detrusor tone may be affected by ongoing acetylcholine-mediated stimulation. There
is now good direct experimental evidence that the antimuscarinics decrease activity in
both C and A-delta afferent nerve fibers during bladder filling/storage [2, 11].

Acetylcholine acts on both nicotinic and muscarinic receptors. Muscarinic recep-
tors are responsible for signal transduction between parasympathetic nerves and
smooth muscle of the detrusor [4]. Five different muscarinic receptor subtypes have
been identified in the human body and are designated M1 to M5. The majority of
muscarinic receptors in human smooth muscle are of the M2 subtype; however, the
M3 receptor subtype mediates most smooth muscle contraction, including that of the
bladder. Muscarinic receptors are found not only on smooth muscle cells of the blad-
der but also on urothelial cells, on suburothelial nerves, and on suburothelial struc-
tures such as interstitial cells with M2 and M3 preponderance [9]. Studies in animals
have implicated the M2 receptors in the contraction of diseased bladders [11].

Available antimuscarinic agents differ in molecular size, molecular charge,
and lipophilicity and can be can be categorized as tertiary or quaternary amines
[4]. Tertiary compounds have higher lipophilicity and less molecular charge than
quaternary agents. Small molecular size with little molecular charge and greater
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lipophilicity increases the passage through the blood-brain barrier with the theo-
retical potential of greater CNS side effects. Quaternary compounds have greater
molecular charge and less lipophilicity resulting in limited passage into the CNS
and theoretically a low incidence of CNS side effects [12].

Meta-analysis of antimuscarinic use found that these agents are more effective
than placebo in improving urinary frequency, urgency, continent days, and mean
voided volume [13]. Health-related quality of life (HRQoL) is improved with use
of these agents. All of the currently available antimuscarinic agents improve
symptoms with comparable efficacy, but some measurable differences in tolera-
bility exist [14]. Since the biochemical profile of each drug and the dosing sched-
ule differ, these pharmacologic properties along with medical comorbidities and
concomitant medication use should be considered when individualizing treatment
for patients.

The currently available antimuscarinic agents lack selectivity for the bladder and
as a result produce side effects on other organ systems. The most common adverse
effects include dry mouth, blurred vision, constipation, pruritis, tachycardia, som-
nolence, impaired cognition, and headache. Constipation is reported as the most
burdensome side effect [13]. This class of drug is contraindicated in patients with
untreated urinary retention, gastric retention, severe decreased gastrointestinal
motility conditions, and uncontrolled narrow-angle glaucoma. The concomitant use
with other medications with anticholinergic properties may increase the frequency
and/or severity of side effects. Patients with impairment in renal or liver metabolism
and those with genetic heterogeneity in drug-metabolizing enzymes may experi-
ence increased side effects due to altered pharmacokinetic behavior of a given drug
[14]. Several antimuscarinics should not be used with potent cytochrome (CYP)
p450 3A4 inhibitors, including ritonavir, ketoconazole, itraconazole, verapamil, and
cyclosporine [15-18].

It is estimated that approximately one-third of all patients with OAB have at least
one risk factor for altered drug metabolism [14]. In addition, while relative musca-
rinic receptor selectivity exists for some agents, there is no uroselective option that
avoids unpleasant systemic side effects. As a result, patient adherence is extremely
poor with this class of drug and the search for uroselectivity continues. Intravesical
administration in the absence of systemic absorption would greatly diminish the
antimuscarinic side effects; however, this is only practical in patients who perform
clean intermittent catheterization (CIC) and could administer the drug via the
catheter.

Antimuscarinic agents together with beta-3 agonists (see Chap. 7) are considered
first-line pharmacotherapy for OAB [19]. Several antimuscarinic agents are avail-
able for use in the United States and abroad with varying quality and quantity of
research performed on them. The International Consultation on Incontinence has
assessed and made recommendations on many of the available agents (Table 6.1)
[2]. The clinical drug recommendations are based on evaluations made using a mod-
ification of the Oxford system.

Specific antimuscarinic agents are listed below with available data on efficacy
and comparative efficacy with other drugs in class.
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Table 6.1 Antimuscarinic drugs used in the treatment of overactive bladder. Assessments
according to the modified Oxford system [2]

Level of Grade of
evidence recommendation
Antimuscarinic drugs
Atropine 3 C
Darifenacin 1 A
Fesoterodine 1 A
Hyoscyamine 3 C
Imidafenacin 1 B
Propantheline bromide 2 B
Scopolamine 3 C
Solifenacin 1 A
Tolterodine 1 A
Trospium 1 A
Drugs with mixed actions
Flavoxate D
Oxybutynin A
Propiverine 1 A

Levels of evidence

Level 1: Systematic reviews, meta-analyses,
good quality randomized controlled trials

Level 2: Randomized controlled trials, good
quality prospective cohort studies

Level 3: Case-control studies, case series

Level 4: Expert opinion

Grades of recommendation

Grade A: Based on level 1 evidence (highly
recommended)

Grade B: Consistent level 2 or 3 evidence |
(recommended)

Grade C: Level 4 evidence (optional)

Grade D: Evidence inconsistent/inconclusive
(no recommendation or not recommended)

Atropine

Atropine, along with hyoscyamine and scopolamine (both described below), are
active belladonna alkaloids, derived from the toxic belladonna plant and possess
anticholinergic properties [2]. Atropine has significant systemic side effects includ-
ing ventricular fibrillation, tachycardia, dizziness, nausea, blurred vision, loss of
balance, dilated pupils, photophobia, extreme confusion, and dissociative hallucina-
tions which limit its use for the treatment of OAB. Intravesical atropine at a dose of
6 mg four times per day was shown to be as effective as intravesical oxybutynin
(OXY; see below) for increasing bladder capacity with minimal systemic side
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effects in patients with multiple sclerosis in a double-blind, randomized placebo-
controlled trial (RCT) with crossover design [20]. Its mention in this chapter is more
of a historic one.

Darifenacin

Darifenacin is a tertiary amine with moderate lipophilicity and is a relatively selec-
tive M3 receptor antagonist. At least theoretically, darifenacin’s advantage over
other antimuscarinic agents is the ability to relatively selectively block the M3
receptor which although less prevalent than the M2 receptor, appears to be more
important in bladder contraction. This selectivity is expected to increase efficacy in
patients with OAB while reducing adverse events related to the blockade of other
muscarinic subtypes [21]. Darifenacin has been developed as a controlled release
formulation to allow once-daily dosing and is available at 7.5 and 15 mg/day, which
allows dose escalation when needed.

Several RCTs have documented the efficacy of darifenacin. Haab et al. per-
formed a multicenter, double-blind RCT comparing darifenacin 3.75 mg, 7.5 mg,
and 15 mg and placebo once daily for 12 weeks [22]. The study enrolled 561 patients
(85% female) aged 19-88 years with at least 6 months of OAB symptoms and
included patients with prior use of antimuscarinic therapy. The 7.5 and 15 mg doses
of darifenacin had rapid onset of effect with significant improvement in OAB symp-
toms over placebo at 2-week follow-up. Patients experienced improvement in mic-
turition frequency, bladder capacity, urgency episodes, urgency severity, and number
of incontinence episodes. No significant change in nocturia was seen. The most
common side effects were mild-to-moderate dry mouth and constipation. The CNS
and cardiac safety profiles were similar to placebo and discontinuation of the drug
while on study was rare. Chapple et al. performed a review of the pooled data from
three phase III, multicenter, double-blind RCTs in 2005 [23]. A total of 1,059
patients (again 85% female) with urinary frequency, urgency, and UUI were treated
with darifenacin 7.5 mg, 15 mg, or placebo once daily for 12 weeks. A significant
dose-related improvement in the number of weekly incontinence episodes was seen:
8.8 fewer incontinence episodes per week with the 7.5 mg dose and 10.6 fewer
incontinence episodes per week with the 15 mg dose. Improvements in micturition
frequency, bladder capacity, and urgency severity were also seen. The most com-
mon side effects were dry mouth and constipation; however, this resulted in few
discontinuations in therapy during the trial.

One of the most notable patient-reported effects of antimuscarinic therapy is the
ability to postpone urination. This is often reported as “warning time” and is defined
as the time from first sensation of urgency to the time of voluntary micturition or
incontinence. Improvement in warning time often translates into the ability to
postpone urination a few extra minutes and can be the difference between wet and
dry. Cardozo and Dixon performed a multicenter, double-blind RCT looking at
improvement in warning time with darifenacin [24]. Overall, 47% of the darifenacin
group compared to 20% of the placebo group achieved a >30% increase in mean
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warning time. The patients in this study received a 30 mg dose of darifenacin, which
is higher than the clinically recommended dose. These results have not been repli-
cated using the 15 mg dose.

Darifenacin has been shown to have sustained beneficial effects on HRQoL at
2 years of treatment [25]. The effects of darifenacin on cognitive function in older
volunteers were tested in a randomized, double-blind, crossover study with 129 patients
65 years of age or older [26]. After 2 weeks of daily treatment, no change from baseline
in cognitive function was found. The authors hypothesized that this was related to its
M3 receptor selectivity. Chancellor et al. performed studies on the passage of antimus-
carinic agents across the blood-brain barrier and found that darifenacin, along with
trospium and fesoterodine, is actively transported away from the brain as the result of
a protein-mediated transporter system [27]. Darifenacin has not been found to have any
effect on QT/QTc intervals or heart rate compared to placebo [28, 29].

Fesoterodine

Fesoterodine is a newer antimuscarinic drug that like tolterodine (TOLT, see below)
is a non-subtype selective muscarinic receptor antagonist [30]. It is metabolized rap-
idly and extensively to 5-hydroxymethyl tolterodine (5-HMT), the same active
metabolite of TOLT [31]. Fesoterodine relies on nonspecific esterases to produce a
rapid and complete conversion to 5-HMT with little pharmacokinetic variability.
5-HMT is further metabolized in the liver, but a modest percentage undergoes renal
excretion without additional metabolism, raising the possibility that 5-HMT could
also work from the luminal side of the bladder [32]. Whether this contributes to clini-
cal efficacy in human remains unknown at this time. Fesoterodine is indicated for the
treatment of OAB at doses of 4 and 8 mg daily allowing for dose escalation. The
4 mg per day dose can be used in patients with moderately impaired renal or hepatic
function since there is dual metabolism of 5-HMT by both organ systems [33, 34].
In a multicenter, double-blind RCT with TOLT extended release (ER), 1132
patients were enrolled and received treatment [31]. The trial showed that both the
4 mg and 8 mg doses of fesoterodine were effective in improving symptoms of OAB
with the 8 mg dose having a greater effect at the expense of a higher rate of dry
mouth. One subject from the fesoterodine 8 mg group and one subject from the
TOLT ER 4 mg group withdrew from the study due to bothersome dry mouth. The
dose response relationship was confirmed in another study that pooled data from
two phase III RCTs [35]. Fesoterodine 8 mg performed better than the 4 mg dose in
improving urinary urgency and UUI as recorded by a 3-day bladder diary, support-
ing the use of dose titration. A study on the effect of fesoterodine on HRQoL in
patients with OAB demonstrated improvement for both the 4 and 8 mg dose of the
drug [36]. A head-to-head placebo-controlled trial comparing fesoterodine 8 mg to
tolterodine ER 4 mg (n = 1,590) showed greater improvements in urgency inconti-
nence episodes, completely dry rates, voided volume, and patient perception of
improvement with fesoterodine [37]. No difference was noted in frequency of
micturition and urgency episodes. Significantly greater side effects (dry mouth,
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headache, constipation, and discontinuation) were reported with fesoterodine. This
study suggests that fesoterodine 8 mg can provide improved symptom control over
tolterodine ER 4 mg at the expense of greater side effects. In a large double-blind,
phase III study (n = 2,417), fesoterodine 8§ mg showed greater improvement in
urgency incontinence episodes, frequency of micturition, urgency episodes, and
patient perception of improvement than tolterodine ER 4 mg or placebo [38]. No
difference in voided volume or nocturia was noted. Dry mouth, constipation, and
discontinuation rates were greater with fesoterodine 8 mg. Fesoterodine has not
been found to prolong QT/QTc or produce other cardiac abnormalities [39].

The sustained effects of fesoterodine on OAB were analyzed using pooled analy-
sis of two open-label extension studies [40]. About half of the study population
(51%) was on fesoterodine for >24 months, and mean duration of exposure was
21 months. While 77% of patients elected to remain on the drug during the open-
label extension, discontinuation was seen in 51% by the 24-month visit, generally
as a result of insufficient clinical response and/or adverse events. Significant
improvements in micturition episodes, urgency, urgency incontinence, and quality
of life were seen at both 12 and 24 months compared to baseline. In addition, treat-
ment satisfaction was reported in 96% at 12 months and 97% at 24 months [41].

The use of fesoterodine in the elderly was investigated in the SOPHIA trial which
recruited patients >65 years of age [42]. Micturition episodes (day and night),
urgency, urgency incontinence, and pad use significantly improved in the fesotero-
dine group compared to placebo at 12 weeks. However, in 46% of patients with
urgency incontinence, no change in incontinence episodes was seen. The effects on
mental status were assessed using the mini mental state examination, and no change
from baseline or between age groups less than or older than age 75 was seen. Dry
mouth was reported in 33.9% of the fesoterodine group (vs. 5.3% of the placebo
group), and constipation was seen in 8.9% (vs. 2.5%).

Hyoscyamine

Hyoscyamine is a pharmacologically active levorotary isomer of atropine that is
reported to have similar actions and side effects [2]. Few clinical studies are avail-
able to evaluate efficacy in the treatment of OAB [43]. A sublingual formulation of
hyoscyamine sulfate is available.

Imidafenacin

Imidafenacin is a muscarinic antagonist with greater affinity for the M3 and M1
receptors than the M2 receptor [44]. The oral administration of imidafenacin in rats
showed longer lasting and more selective binding to muscarinic receptors in the
bladder than other tissues, with little binding in the brain [45]. Demonstration of this
effect in human tissues is yet to be confirmed. The drug is primarily metabolized in
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the liver by cytochrome P450 enzyme CYP3A4 [46]. The drug is also excreted in
the urine; however, the pharmacologic importance of this has not yet been eluci-
dated. Clinical studies have primarily been performed in Japan, and the drug is not
available in Western countries.

A double-blind phase II dose-finding RCT (n = 401) showed a dose-dependent
reduction in urinary frequency, urgency, urgency incontinence episodes as well as
an increase in voided volume that was significant over placebo. The 0.1 mg twice
daily dose of imidafenacin was selected as the appropriate balance between efficacy
and side effects [47]. In a larger study, the same authors performed a placebo and
propiverine-controlled trial (n = 781) that demonstrated non-inferiority of imidafe-
nacin 0.1 mg twice daily to propiverine 20 mg per day for the reduction of urgency
incontinence episodes at 12 weeks (non-inferiority margin 14.5%, P = 0.0014) [48].
The incidence of adverse events was significantly lower with imidafenacin than
propiverine (P = 0.0101) with dry mouth being the most commonly reported side
effect. A long-term 52-week study by the same authors (n = 376) demonstrated a
persistent improvement in voiding symptoms at the 0.1 mg twice daily dose in
Japanese patients with the most common adverse event being dry mouth in 40.2%
[49]. Compared to short-term treatment, long-term treatment did not increase the
frequency of adverse effects. Imidafenacin has not been found to prolong QT/QTec,
alter laboratory values, or increase post-void residual measures.

The effect of imidafenacin on nocturia was studied in two small open-label stud-
ies as well as a post hoc analysis of a large multicenter RCT and suggested benefit
[50-52]. In stratified analysis of the large RCT, imidafenacin significantly reduced
nighttime micturition (from approximately three to two times per night, P = 0.0292)
as well as nocturnal percentage of 24-h urine production (from approximately 50%
to 40%, P = 0.0053) and increased the interval to first nighttime void (from approxi-
mately 150 to 200 min, P < 0.0001) [52].

In a non-inferiority phase IV trial in Korea, imidafenacin was compared to fes-
oterodine 4 mg daily. No significant differences were detected in efficacy and dry
mouth rates were similar [53].

Propantheline Bromide

The classic oral agent for antimuscarinic effects on the LUT was propantheline bro-
mide, a nonselective quaternary ammonium compound that is poorly absorbed after
oral administration [2]. It has a short plasma half-life of <2 h and varying biologic avail-
ability requiring individual titration. It is initially prescribed at 15-30 mg four times
daily, but larger doses are often required [54]. Despite having antimuscarinic binding
potential quite similar to atropine, there is a lack of convincing data on the effectiveness
for the treatment of OAB. Contradictory studies are available that show complete
response in 25/26 patients [55] and no difference from placebo in 154 and 23 patients,
respectively [56, 57]. By today’s standards, the effect of propantheline on OAB has not
been well documented in RCTs; however, with its long history of use, it can be consid-
ered effective and may, in individually titrated doses, be clinically useful.
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Scopolamine

Scopolamine, a belladonna alkaloid, has greater penetration through the blood-
brain barrier than atropine and as a result produces more prominent central depres-
sive effects even at low doses [2]. Transdermal scopolamine has been used for
treating OAB at a continuous dose of 0.5 mg for 3 days [58]. A double-blind RCT
was performed in 20 patients with DO. After 14 days, patients in the treatment
group showed significant improvements in urinary frequency, nocturia, urgency,
and UUI over the placebo group. Side effects included dizziness, ataxia, blurred
vision, dry mouth, and skin irritation at patch site. No patients discontinued use dur-
ing the study period [43].

Solifenacin

Solifenacin is a tertiary amine muscarinic antagonist with modest selectivity for the
M3 receptor over the M2 and marginal selectivity over the M1 receptors [4, 59].
Solifenacin is metabolized in the liver utilizing the cytochrome P450 enzyme sys-
tem (CYP3A4), but a modest percentage undergoes renal excretion without addi-
tional metabolism again raising the possibility that it could also work from the
luminal side of the bladder. Whether this contributes to clinical efficacy remains
unknown at this time.

Studies have demonstrated that solifenacin increases maximum bladder capacity
and is under the bladder volume sensation curve [60, 61]. It is a once-daily antimus-
carinic that is being marketed at the 5 mg and 10 mg doses allowing for titration.
There have been several large trials examining the effects of solifenacin. A large
phase II multinational RCT was performed comparing solifenacin 2.5, 5, 10, and
20 mg daily to TOLT immediate release (IR) 2 mg twice daily and placebo [62]. A
total of 225 patients with urodynamically confirmed DO were enrolled, treated for
4 weeks, and followed for 2 additional weeks. There was a significant decrease in
urinary frequency, incontinence episodes, and urgency episodes and an increase in
volume voided in the 5, 10, and 20 mg solifenacin groups compared to placebo. The
mean effects with TOLT were generally smaller than with solifenacin. The 5 and
10 mg doses of solifenacin had a lower dry mouth rate (14%) than TOLT (24%) but
higher than placebo (2.6%). Discontinuation rates were highest for solifenacin
20 mg. Cardozo et al. performed a multinational RCT comparing solifenacin 5 and
10 mg once daily to placebo in 857 patients [63]. Both doses significantly improved
urinary frequency, urgency, volume voided, and incontinence episodes compared to
placebo as determined by 3-day voiding diaries. Of patients who reported any
incontinence at baseline, 50% achieved continence with solifenacin treatment com-
pared to 27.9% with placebo. Dry mouth was reported in 7.7% of patients taking
solifenacin 5 mg, 23.1% in solifenacin 10 mg, and 2.3% in the placebo arm. Only a
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small percentage of patients (2—4%) did not complete the study due to adverse
events, and this was comparable in all groups.

The STAR (Solifenacin and Tolterodine as an Active comparator in a
Randomized) trial was a prospective double-blind, parallel group 12-week study
comparing solifenacin 5 and 10 mg once daily to TOLT ER 4 mg once daily [64] in
patients with OAB. After 4 weeks of treatment, patients were given the option to
increase medication dosage. However, only those on solifenacin actually received
the dose increase. The results showed non-inferiority of solifenacin’s flexible dos-
ing regimen compared to TOLT ER for voiding frequency (—=2.45 vs. —2.24 void
per day, P = 0.004). Solifenacin showed increased efficacy in decreasing urgency
episodes, incontinence, and pad usage compared with TOLT ER (all P < 0.05).
Additionally, more solifenacin patients achieved dryness, as documented by 3-day
voiding diary, by the end of the study (59% vs. 49%, P = 0.006). However, these
symptomatic improvements were accompanied by an increase in adverse events
with dry mouth and constipation occurring in 30% and 6.4% of the solifenacin
group, respectively, versus 23% and 2.5% in the TOLT group. The discontinuation
rate was comparably low in both groups (3.5% in solifenacin group vs. 3.0%in the
TOLT group).

A systematic review and meta-analysis of nine RCTs concluded that solifena-
cin provides significant improvement in urinary symptoms compared to placebo or
TOLT [65]. Solifenacin 10 mg was statistically better than 5 mg in reducing uri-
nary frequency (—0.29 episodes per day, P < 0.001) but similar in reducing
urgency, urgency incontinence, and nocturia. Higher rates of dry mouth were
reported with the 10 mg dose compared to the 5 mg dose (P = 0.003) but similar
rates of constipation, blurred vision and overall number of adverse events.
Solifenacin was statistically better than TOLT at reducing urgency episodes per
day (—-0.37, P < 0.0001), voids per day (—0.06, P = 0.02), and incontinence epi-
sodes per day (—0.48, P < 0.0001). Constipation (OR 2.91, P <0.0001) and blurred
vision (OR 3.19, P = 0.03) were greater with solifenacin than TOLT, but dry mouth
was similar. Efficacy in mixed urinary incontinence [66], the elderly [67], and in
multiple sclerosis patients [68] has been shown, as has an improvement in HRQoL
[69]. An open-label study including 72 children of which 27 had neurogenic blad-
der demonstrated improved urodynamic capacity and improved continence [70].
Solifenacin has shown QT interval prolongation and torsade de pointes in an
81-year-old female [71]. In a large open-label post-marketing study (n=4,450)
including patients with cardiovascular comorbidities and co-medication, solifena-
cin did not demonstrate any clinically relevant alteration in blood pressure or heart
rate [72].

The efficacy and tolerability of solifenacin in patients with multiple sclerosis and
spinal cord injury was assessed more recently in the SONIC trial, a prospective
phase IIIb/IV parallel group RCT [73]. Approximately 25% of study participants
were on concomitant muscle relaxers for spasticity, most patients with multiple
sclerosis were female and most with spinal cord injury were male. Patients used a
placebo run-in and were then randomized to solifenacin 5 mg, solifenacin 10 mg,
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oxybutynin 5 mg three times daily and placebo for 4 weeks. Solifenacin 10 mg sig-
nificantly improved maximum cystometric capacity (134 ml vs. 5 ml in placebo)
and quality of life scores. Improvement in bladder volume at first contraction and
first leak and detrusor pressure at first leak were also seen with solifenacin 10 mg.
Dry mouth rates were 2.3% for placebo, 4.2% for solifenacin 5 mg, 7.8% for solif-
enacin 10 mg, and 17% for oxybutynin 5 mg three times daily.

Treatment of children with solifenacin was studied in an open-label study of
solifenacin in boys and girls [74]. Mean age was 9.2 years at start of treatment
(n = 175). Significant improvements in number of incontinence episodes, com-
pletely dry rates, and urodynamics parameters were seen with greater improvements
noted for idiopathic OAB than neurogenic OAB.

Tolterodine

TOLT is a tertiary amine with a major active metabolite, 5-HMT, which signifi-
cantly contributes to the therapeutic effect of the drug [75]. Both TOLT and its
metabolite have plasma half-lives of 2-3 h, but their effects on the bladder seem to
be more long lasting. Whether this could be the result of urinary excretion of the
drug with direct bladder mucosal effects remains unknown. TOLT does not have
muscarinic subtype selectivity, but there is evidence in some experimental models
that it has functional selectivity for the bladder over the salivary glands [76]. This
has been shown in the guinea pig where the binding affinity of TOLT and oxybu-
tynin (OXY) to muscarinic receptors in the bladder was very similar, but the affinity
of TOLT for muscarinic receptors in the parotid gland was eight times lower than
that of OXY [77]. TOLT is available in two formulations: an IR form prescribed as
2 mg twice daily and an ER form prescribed as 2 or 4 mg once daily. The ER for-
mulation offers more stable blood levels of the drug and metabolite which appears
to improve both efficacy and tolerability [78]. There appears to be a very low inci-
dence of cognitive side effects with TOLT, which is likely due to the low lipophilic-
ity of the drug and its metabolite, minimizing penetration into the CNS [79]. A
notable subset of patients, up to 10% of whites and up to 19% of blacks, lacks the
specific CYP enzyme, 2D6, which metabolizes TOLT to 5-HMT [80]. In these
patients, a higher side effect profile, specifically including sleep disturbance, is seen
[81]. Metabolism that does not utilize the CYP2D6 mechanism has the potential for
less pharmacokinetic variability.

Several double-blind RCTs have documented the efficacy of TOLT in patients
with OAB. The OBJECT (Overactive Bladder: Judging Effective Control and
Treatment) trial compared TOLT IR 2 mg twice daily to OXY ER 10 mg daily [82].
This was a double-blind, parallel group RCT (n = 378) in patients with OAB treated
for 12 weeks. The study showed OXY ER to be significantly more effective than
TOLT in reducing urinary frequency, UUI episodes, and total incontinence epi-
sodes. The most common adverse event, dry mouth, was reported in 28% of those
taking OXY ER and 33% of those taking TOLT IR. Rates of other adverse events
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including CNS effects were generally low and comparable between the groups. The
OPERA (Overactive Bladder: Performance of Extended Release Agents) trial com-
pared TOLT ER 4 mg once daily to OXY ER 10 mg once daily in 790 women with
OAB symptoms [83]. This was a double-blind RCT with duration of 12 weeks.
Improvements in UUI episodes were similar between the two groups but cure of
UUI was greater in the OXY ER group (23.0% vs. 16.8%, P = 0.03). OXY ER was
also more effective in reducing micturition frequency (P = 0.003) at the price of
increased rates of dry mouth (P = 0.02). Adverse events were mild and occurred at
low rates, with both groups having similar rates of discontinuation of treatment.

The ACET (Antimuscarinic Clinical Effectiveness Trial) was an open-label study
of 1289 patients with OAB comparing TOLT ER 2 or 4 mg daily to OXY 5 or 10 mg
daily [84]. After 8 weeks, 70% of patients taking TOLT ER 4 mg perceived an
improved bladder condition compared to 60% in the TOLT ER 2 mg group, 59% in
the OXY ER 5 mg group, and 60% in the OXY ER 10 mg group (P < 0.01). Dry
mouth was dose dependent with both drugs; however, patients treated with TOLT
ER 4 mg reported a significantly lower severity of dry mouth compared with OXY
ER 10 mg. Fewer patients withdrew from the TOLT ER 4 mg group (12%) than
either the OXY ER 5 mg group (19%) or the OXY ER 10 mg group (21%). Although
the findings suggest that TOLT ER 4 mg may have improved clinical efficacy and
tolerability to OXY ER 10 mg, the open-label design of this study makes for a less
convincing conclusion.

In the IMPACT (Improvement in Patients: Assessing Symptomatic Control with
TOLT ER) study, the efficacy of TOLT in improving patients’ most bothersome
symptoms was assessed [85]. It found significant reduction in patients’ most bother-
some symptom, which was either incontinence episodes, urgency episodes, or mic-
turition frequency. Dry mouth occurred in 10% of patients and constipation in 4%.
Conflicting data exists on the concomitant use of TOLT and pelvic floor muscle
training. In a prospective, open study of 139 women with OAB who were random-
ized to TOLT, bladder training, or both, combination therapy was found to be most
effective [86]. Similarly, a multicenter, single-blind study of 505 patients comparing
TOLT alone to TOLT plus bladder training concluded that the effectiveness of TOLT
could be augmented with the addition of a bladder training regimen [87]. However,
a similar multinational RCT including 480 patients concluded that no additional
benefit was seen with the addition of pelvic floor muscle exercises to TOLT [88].

TOLT ER has shown a significant increase heart rate in a proportion of subjects;
however, this effect was not seen with darifenacin or placebo [29]. In a study of
solifenacin versus TOLT ER, similar therapeutic and urodynamic effects were
noted, but TOLT had a greater effect on increasing heart rate [89].

A new formulation of TOLT 2 mg IR with delayed release pilocarpine 9 mg
administered twice daily (added to mitigate the adverse side effects of tolterodine
on the salivary glands) was compared to TOLT 2 mg IR alone and placebo [90]. A
total of 138 participants underwent double-blind randomized to 1 of the 3 treatment
arms. Both treatment arms showed similar reductions in incontinence episodes and
daily micturitions. The TOLT/pilocarpine combination had consistently lower
scores for all dry mouth parameters compared to TOLT alone.
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Trospium

Trospium is a hydrophilic, quaternary amine with limited ability to cross the blood-
brain barrier. This should result in minimal cognitive related dysfunction [91], and
it has demonstrated undetectable levels in the cerebral spinal fluid on day 10 of use
[92]. Trospium does not have muscarinic subtype selectivity and, unlike the previ-
ous antimuscarinics mentioned, is not metabolized hepatically by the CYP enzyme
system. It is mainly eliminated unchanged in the urine by renal tubular secretion
and, as a result, may affect the urothelial mucosal signaling system as has been
shown in the rat [93]. Whether this contributes to clinical efficacy in humans remains
unknown at this time.

In a multicenter, double-blind RCT, the effect of trospium on urodynamic param-
eters was studied in patients with neurogenic DO secondary to SCI [94]. A 20 mg
dose was given twice daily for 3 weeks. An increase in maximum cystometric
capacity and bladder compliance and a decrease in maximal detrusor pressure were
seen in the treatment group. A similar study compared the use of trospium and OXY
in the treatment of neurogenic DO; both medications appeared to have equal effi-
cacy, but the patients on trospium experienced fewer side effects [95].

The effectiveness of trospium in the treatment of non-neurogenic OAB has also
been well documented. Allousi et al. performed a double-blind RCT comparing tro-
spium 20 mg twice daily to placebo in 309 patients [96]. At 3 weeks, urodynamic
studies revealed an increase in maximum cystometric capacity and volume at first
involuntary bladder contraction in the trospium group. In a study comparing the
efficacy of trospium 20 mg twice daily with TOLT IR 2 mg twice daily and placebo
in patients with OAB (n = 232), trospium was found to be significantly more effec-
tive in decreasing the frequency of micturition than either TOLT or placebo [97].
Additionally, trospium caused a greater reduction in incontinence episodes with a
similar rate of dry mouth as TOLT. A long-term tolerability and efficacy study com-
paring trospium 20 mg twice daily and OXY 5 mg twice daily in patients with OAB
(n=358) undergoing treatment for 52 weeks was performed [98]. Urodynamics and
patient-recorded voiding diaries were performed at baseline, 26 weeks, and
52 weeks. Mean maximum cystometric capacity increased in the trospium group by
92 ml at 26 weeks and by 115 ml at 52 weeks. No other significant urodynamic dif-
ferences were seen between the groups. The micturition diaries indicated a reduc-
tion in urinary frequency, incontinence frequency, and a reduction in urgency
episodes in both treatment groups. At least one adverse event occurred in the major-
ity of patients: 64.8% in the trospium group and 76.6% in the OXY group. The most
common side effect in both groups was dry mouth. Overall, both drugs were com-
parable in the efficacy in improving urinary symptoms, but trospium had a better
benefit-risk ratio than OXY due to better tolerability.

An ER formulation of trospium, 60 mg once daily, has been shown in RCTs to
have similar efficacy and side effects as the twice-daily preparation [99]. An anal-
ysis of patients 75 years of age and older (n = 143) showed improvement in all
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voiding diary parameters and quality of life in patients on trospium ER compared
to controls [100]. No central nervous system adverse effects were reported during
the 12-week study; however, during the 9-month open-label follow-up, one patient
reported dizziness and one reported vertigo thought to be possibly related to tros-
pium ER.

Intravesical installation of trospium was studied with a single center, single-blind
RCT with 84 patients [101]. Since intravesical trospium does not seem to be
absorbed, an opportunity exists for treatment with minimal systemic antimuscarinic
effects [102]. Compared to placebo, intravesical trospium produced a significant
increase in maximum bladder capacity and a decrease in detrusor pressure. No
improvement in uninhibited bladder contractions was seen. No adverse events were
reported but an increase in residual urine was noted.

Trospium has not been reported to result in cognitive dysfunction.

Dual Musculotropic Relaxants-Antimuscarinic Agents

Some pharmacologic agents for the treatment of OAB have dual mechanisms of
action. They have antimuscarinic activity as well as direct musculotropic relaxant
effects on the bladder smooth muscle at a site metabolically distal to the antimusca-
rinic receptor. It is felt that the clinical effects of these drugs are primarily explained
by antimuscarinic action.

Flavoxate

Flavoxate has direct inhibitory action on smooth muscle along with very weak anti-
cholinergic properties [103]. The drug has also been found to possess moderate
calcium antagonistic activity, exhibit local anesthetic properties, and have the abil-
ity to inhibit phosphodiesterase (PDE) [104]. In rats and in cats, there is some evi-
dence that flavoxate may also have central effects on the inhibition of the micturition
reflex [105, 106].

Clinical studies addressing the efficacy of flavoxate in the treatment of OAB have
shown mixed results. In a double-blind crossover study comparing flavoxate 1200 mg
daily with OXY 15 mg daily in 41 women with idiopathic OAB, the drugs had simi-
lar efficacy with flavoxate having fewer and milder side effects [107]. A very small
study in the elderly population with non-neurogenic DO showed flavoxate had
essentially no effect on maximum cystometric capacity and incontinence episodes
[108]. Chapple et al. also suggest no beneficial effect of flavoxate in the treatment of
idiopathic OAB [109]. In general, few side effects were reported during treatment.
No recent RCTs addressing the efficacy of this drug have been performed.
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Oxybutynin

OXY is a moderately potent antimuscarinic agent that has strong independent mus-
culotropic relaxant activity as well as local anesthetic activity (that is likely only
important during intravesical administration). It is a tertiary amine that is metabo-
lized primarily by the CYP system into its primary metabolite, N-desethyl-
oxybutynin (DEO) [110]. The recommended oral adult dose for the IR formulation
is 5 mg three or four times daily. An ER once-daily oral formulation, as well as a
transdermal delivery system (TDS) with twice-weekly dosing, and a transdermal
gel with once-daily dosing are available. Side effects are secondary to nonspecific
muscarinic receptor binding.

Initial reports documented success in depressing neurogenic DO [111], and sub-
sequent reports documented successes in inhibiting idiopathic DO as well [112]. A
meta-analysis summarizing 15 RCTs (n = 476) reported a 52% mean reduction in
incontinence episodes, a 33% mean reduction in micturition frequency, and a mean
overall improvement rate of 74%. This came at the expense of a 70% of patients
experiencing an adverse event [113]. Holmes and associates compared the results of
OXY and propantheline in a small group of women with OAB [57]. The experimen-
tal design was a randomized crossover trial with a patient-regulated variable dose
regimen. This kind of dose titration study allows the patient to increase the drug
dose to whatever is perceived to be the optimum ratio between clinical improvement
and side effects. Of the 23 women in the trial, 14 reported subjective improvement
with OXY as opposed to 11 with propantheline. Both drugs significantly increased
the maximum cystometric capacity and reduced the maximum detrusor pressure on
filling. The only significant objective difference was a greater increase in the maxi-
mum cystometric capacity with OXY. The mean total daily dose of OXY tolerated
was 15 mg (range 7.5-30 mg) and that of propantheline was 90 mg (range
45-145 mg).

The therapeutic effect of OXY IR is associated with a high incidence of side
effects, which are often dose limiting [114]. The ER form of OXY uses an osmotic
system to release the active compound at a controlled rate over a period of 24 h. As
a result there is less absorption in the proximal portion of the gastrointestinal tract
and less first-pass metabolism. By decreasing the liver metabolite DEO, it was
thought that fewer side effects, especially dry mouth, would occur, thus improving
patient compliance [115]. Studies looking at salivary output showed markedly
diminished production following administration of OXY IR or TOLT IR with grad-
ual return to normal. In OXY ER group, salivary output was maintained at pre-dose
levels throughout the day [116]. OXY IR and ER have been compared in a multi-
center, double-blind RCT of 106 patients, all of whom had previously responded to
IR OXY [117]. Similar efficacy and similar side effect profiles were noted for both
formulations.

As noted above in the OBJECT study, OXY 10 mg ER proved superior to TOLT
2 mg IR twice daily with respect to weekly UUI episodes, total incontinence, and
frequency [82]. The two drugs were equally well tolerated. The follow-up OPERA
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study compared OXY 10 mg ER to TOLT 4 mg ER and found no significant differ-
ence in efficacy between the two drugs [83]. The incidence of dry mouth was statis-
tically lower in the TOLT group. One general consensus following this study was
that IR formulations of one drug should not be compared to ER formulations of
another drug.

Three different doses of OXY (5, 10, and 15 mg) were compared in a RCT, and
a significant dose-response relationship for both UUI episodes and dry mouth was
found. The greatest patient satisfaction was with the 15 mg dose [118].

Transdermal administration of OXY (OXY-TDS) alters the metabolism of the
drug, further reducing the production of DEO compared to OXY ER. The 3.9 mg
daily dose patch decreased both micturition frequency and incontinence episodes
while increasing mean voided volume [119]. Dry mouth rate was similar to placebo.
In a study comparing OXY-TDS to OXY IR, similar reductions in incontinence
episodes were found, but significantly less dry mouth was seen with OXY-TDS
(38% vs. 94% with OXY IR) [120]. In a third study, OXY-TDS was compared to
placebo and TOLT ER [121]. Both drugs had similarly significant reduced daily
incontinence episodes and increased voided volume, but TOLT ER was associated
with a higher rate of adverse events. The major side effect for OXY-TDS was pruri-
tus at the application site in 14% and erythema in 8.3%. The pharmacokinetics of
OXY-TDS was studied using blood and saliva samples in a two-way crossover RCT
with OXY ER [122]. The TDS route of administration resulted in greater systemic
availability of drug with minimal metabolism to DEO. As a result, patients had
greater salivary output and less dry mouth than when taking OXY ER. However, in
a review by Cartwright and Cardozo on the published and presented data, they
concluded that the good balance between efficacy and tolerability with OXY-TDS
was offset by the rate of local skin reaction [123]. In a study assessing achievement
of patient-selected goals of therapy, OXY-TDS demonstrated a significant improve-
ment in daily urgency episodes with no difference in achievement of patients” own
goals for therapy or health-related quality of life compared to placebo [124].

The transdermal application (3.9 md/daily) has demonstrated subjective efficacy
in the pediatric population. There was a 35% skin site irritation reported and 20% of
participants discontinued use [125].

In Japan, a new transdermal oxybutynin patch was developed with 73.5 mg of
oxybutynin delivered daily and a new softer gentler adhesive. Daily dosing allows
for utilization of a different skin site daily which can further decrease the skin site
irritation [126]. A total of 1,530 patients were randomized to oxybutynin patch,
propiverine, or placebo. The study showed superiority of the patch over placebo and
non-inferiority with propiverine. Application site dermatitis was reported in 31.8%
but generally considered mild. Dry mouth and constipation were much less frequent
with the patch than with propiverine.

Intravesical administration of OXY is a conceptually attractive form of drug
delivery, especially for patients who already perform intermittent catheterization.
A specific intravesical formulation of the drug is not available, and currently the
oral formulation, either liquid or crushed tablet in solution, is delivered by periodic



102 A. L. Smith and A. J. Wein

insertion through a catheter. Several nonrandomized, unblinded, and non-placebo
controlled studies have demonstrated efficacy of this therapy in a variety of patients
with neurogenic bladders showing significant improvements in cystometric capac-
ity, volume at first IVC, bladder compliance, and overall continence [127, 128]. In
a study looking at the pharmacokinetics of intravesical OXY versus oral, it was
found that plasma OXY levels following oral administration rose to 7.3 mg/ml
within 2 h then precipitously dropped to <2 mg/ml at 4 h [129]. In the intravesical
group, plasma levels rose gradually to a peak of 6.2 mg/ml at 3.5 h and remained
between 3 and 4 mg/ml at 9 h. From these data it is unclear whether the intravesi-
cally applied drug acted locally or systemically. In a double-blind RCT in 52
women with DO, patients received once-daily intravesical OXY (20 mg in 40 ml
sterile water) or placebo for 12 days [130]. The results revealed significant differ-
ences in first desire to void (from 95 ml pretreatment to 150 ml post treatment),
cystometric capacity (205-310 ml), maximum pressure during filling
(16-9 cmH20), daytime frequency (7.5—4), and nocturia (5.1-1.8). Side effects
were similar in the treated and placebo groups. For unexplained reasons, 19/23
patients in the treated group continued to have symptomatic relief after termination
of the study.

OXY topical gel is a transdermal formulation, which is applied once daily to the
abdomen, thigh, shoulder, or upper arm area [131]. The 1-gram application dose
delivers approximately 4 mg of drug to the circulation with stable plasma concen-
trations. In a multicenter RCT, 789 patients (89% women) with urge predominant
urinary incontinence were assigned to OXY gel or placebo once daily for 12 weeks.
Mean number of UUI episodes, as recorded on 3-day voiding diary, was reduced by
3.0 episodes/day versus 2.5 in the placebo arm (P < 0.0001). Urinary frequency
was decreased by 2.7 episodes/day and voided volume increased by 21 ml (vs. 2.0
episodes, P = 0.0017 and 3.8 ml, P = 0.0018 in the placebo group, respectively).
Dry mouth was reported in 6.9% of the treatment group versus 2.8% of the placebo
group. Skin reaction at the application site was reported in 5.4% of the treatment
group versus 1.0% in the placebo arm. It is felt that improved skin tolerability of
the gel over the OXY TDS delivery system is secondary to lack of adhesive and
skin occlusion. The gel dries rapidly upon application and leaves no residue;
person-to-person transference via skin contact is largely eliminated if clothing is
worn over the application site. In a phase III study of 704 patients with urgency
predominant urinary incontinence, OXY topical gel resulted in improvement in
daily incontinence episodes, frequency of micturition, voided volume, and health-
related quality of life [132]. Dry mouth occurred in 7.4% vs. 2.8% of the placebo
group (P = 0.000).

OXY 3% topical gel utilizes a metered dose pump dispenser and propylene gly-
col to assist with skin permeation. Two doses of the gel (84 mg/day and 56 mg/day)
were compared to placebo in a phase III RCT (n = 626). The 84 mg/day dose was
statistically better than placebo in improving weekly UI episodes as well as fre-
quency and volume voided [133]. The lower dose was not statistically better than
placebo. Dry mouth was seen in 12.1% (vs. 5% in placebo arm) and application site
erythema was noted in 3.3% (vs. 0.5% in placebo arm).
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Propiverine

Propiverine is a musculotropic smooth muscle relaxant with nonselective antimus-
carinic activity. Calcium antagonistic properties have also been found, but the
importance of this component for the drug’s clinical effects has not been established
[134]. This drug is not currently available in the United States.

In an analysis of 9 RCTs using propiverine in a total of 230 patients, a 17%
reduction in micturition frequency was seen. Additionally, there was a 64 ml mean
increase in bladder capacity and a 77% subjective improvement rate. Side effects
were found in 14% [113]. In a study on patients with neurogenic DO, propiverine
was found to increase bladder capacity and decrease maximum detrusor contrac-
tions compared to placebo [135]. Several comparative studies have confirmed the
efficacy of propiverine and suggested that the drug may be equally efficacious in
increasing bladder capacity and lowering bladder pressure with fewer side effects
than OXY [136, 137]. A study comparing propiverine 15 mg twice daily to TOLT
IR 2 mg twice daily showed comparable efficacy, tolerability, and improvement in
HRQoL [138]. In 2006, Abrams and colleagues presented data that refuted these
prior studies [139]. In a double-blind, placebo-controlled crossover study compar-
ing propiverine 20 mg daily, propiverine 15 mg three times daily, OXY 5 mg three
times daily, and placebo, propiverine 20 mg daily was inferior to OXY in reducing
IVCs. Additionally, propiverine had a more pronounced effect on gastrointestinal,
cardiovascular, and visual function. A large Japanese study of 1584 patients ran-
domized patients to solifenacin 5 or 10 mg, propiverine 20 mg, or placebo [140]. All
active treatments showed superiority to placebo in reducing voiding frequency,
increasing voided volume, and improving HRQL. Solifenacin 10 mg showed greater
reduction in nocturia episodes and urgency episodes, and increased volume voided
compared to propiverine 20 mg. Side effects were also greater for the solifenacin
10 mg group with more dry mouth and constipation.

A recent study found the ER formulation of propiverine to be non-inferior to
TOLT ER [141]. A greater reduction in bladder symptoms was seen for propiverine
ER and discontinuation rates because adverse events were less (3.1% vs. 7.4% for
TOLT ER).

Considerations

Three specific areas of concern with antimuscarinic medication deserve special
mention: urinary retention, cognitive impairment, and glaucoma. In the past there
was universal concern regarding the risk of urinary retention when prescribing anti-
muscarinic drugs. However, as Andersson and Wein [11] and Andersson et al. [2]
propose, these drugs are usually competitive antagonists, which imply that when
there is massive release of ACh during voiding, the effect of the drug should be
diminished. If this did not occur, urinary retention would result from inability of the
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bladder to contract. And in fact, at high doses urinary retention can occur, but this is
uncommon at doses typically prescribed for OAB [11]. Our current understanding
is such that the dose range used for beneficial effects in OAB (the “therapeutic win-
dow”) is lower than that needed to produce a significant reduction in the voiding
contraction. Monitoring PVRs in patients with prostatic enlargement or incomplete
bladder emptying is still recommended; however, these diagnoses should not be
considered as absolute contraindications to the use of antimuscarinics.

More recently concern over the association of anticholinergics and cognitive
impairment has prompted several studies evaluating reaction time, memory, confu-
sion, and other cognitive decrements. In a longitudinal cohort study involving 372
adults age > 60 years without dementia at recruitment, the effects of continuous
anticholinergic drug use on cognition was assessed [142]. Eighty percent of anti-
cholinergic users were classified as having mild cognitive impairment compared
with only 35% of nonusers. There was no difference between users and nonusers in
the risk of developing dementia after 8 years of follow-up. Other studies in conti-
nent elderly volunteers have shown no significant effects on cognition [26]. A recent
study looked at cumulative anticholinergic use and found that to be associated with
an increased risk of dementia [143]. OXY, due to its small molecular size and
increased propensity to cross the blood-brain barrier, has demonstrated the greatest
potential to elicit cognitive impairment [144]. Studies with solifenacin, trospium
chloride ER, and darifenacin demonstrate significantly lower risk of cognitive effect
than OXY [26, 145] with little or no cognitive risk to otherwise healthy older adults
with OAB. There are few data available on the cognitive consequences of anticho-
linergics in patients with dementia. However, cholinesterase inhibitors, which are
often used to improve cognition in Alzheimer’s disease, have been shown to
precipitate urinary incontinence [146]. A study on 26 cognitively impaired older
adults examined the addition of propiverine 20 mg daily to donepezil and found
improved rates of continence with no significant effect on cognition [147]. A large
observational study (n = 3,563) of long-term care residents with dementia failed to
identify cognitive decline with the concomitant use of cholinesterase inhibitors and
anticholinergics (OXY or TOLT) compared to cholinesterase inhibitors alone [148].
However, in the subset of higher-functioning participants on dual therapy, there was
a 50% faster rate of physical function decline suggesting concomitant use may
affect a subset of the older population with dementia.

Patients with OAB and glaucoma present another therapeutic dilemma for urolo-
gists. Both conditions increase in prevalence with age, and it has been estimated that
the conditions coexist in approximately 11.6% of female patients (in Japan) [149].
The distinction between open-angle and narrow-angle glaucoma is an important
one, and when the answer is unknown, referral to an ophthalmologist is imperative.
A Japanese study reported that in approximately 75% of patients with glaucoma and
OAB, the glaucoma is open angle, and this was felt to confer no additional risk to
therapeutic intervention with anticholinergic medication. In the remaining 25%
with narrow angle glaucoma, risk was felt to be elevated only if iridotomy has not
been performed or has not successfully controlled the disease, reducing the true
contraindication rate to approximately 8.3% of patients with OAB. Interestingly, the
same study found that 33% of patients did not report glaucoma on their medical
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intake form. Underestimating the risk of glaucoma can result in blindness, albeit
rarely, while overestimating (which often occurs out of fear) can result in denial of
the most effective oral agents for the treatment of OAB. Complaints of eye pain,
headache, or visual loss following initiation of anticholinergic therapy should be
taken seriously, and prompt medical advice should be sought [150].

Conclusion

Antimuscarinic drugs are proven efficacious and safe in most adults and are the
mainstay of treatment for OAB [13]. The continuous evolution and development of
newer agents stems from the fact that the ideal agent has yet to be found—one that
is LUT selective, easily administered, and relatively inexpensive. This search con-
tinues, and therapies with different mechanisms of action are currently being stud-
ied with great promise. Until then, the lessons we have learned from comprehensive
systematic review of the literature include:

1. Older drugs such as OXY have high withdrawal rates due to side effects, while
newer agents have consistently favorable tolerability

2. Newer agents such as darifenacin, solifenacin, and fesoterodine provide dose
flexibility to allow individual titration for maximal efficacy versus tolerability

3. Extended-release once-a-day dosing appears to be better tolerated and poten-
tially more efficacious in improving symptoms and HRQoL than immediate
release dosing

4. Newer agents appear to pose less risk of cognitive decline in the elderly than
OXY.

However, head-to-head studies comparing all of these agents are limited.
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Introduction

Overactive bladder (OAB), while not a life-threatening disease, is a debilitating
condition impacting 10.7% of the population with an anticipated impact on 546 mil-
lion people by 2018 worldwide [1]. It is reported that Europe has the highest preva-
lence followed by North America, South America, Asia, and Africa [1]. As specified
by the American Urological Association and Society of Urodynamics, Female
Pelvic Medicine, and Urogenital Construction, the first step in management of OAB
is behavioral modification followed by a trial of medications [2]. Traditionally, anti-
cholinergics are the first-line drug of choice; however, this class of medications may
have significant side effects including dry mouth, constipation, and potential for
cognitive and other central nervous system adverse events (AE). These side effects
may lead to non-compliance and a poor quality of life. It has been reported that
persistence with anticholinergic medication use is only 13% at 1 year [3]. Given
these findings, researchers and clinicians have searched for alternative oral agent
treatment options with similar efficacy and a more favorable side effect profile.
Mirabegron, a f3-agonist, is the first medication in this class approved for use in the
United States, Canada (Myrbetrig®, Astellas Pharma US, Northbrook IL, USA),
Europe (Betmiga®, Astellas Pharma BV, Brussels, Belgium), and Japan (Betanis®,
Astellas Pharma Inc., Tokyo, Japan) for the treatment of OAB.

This chapter will review the pathophysiology of micturition to understand the
pharmacologic effects of B-agonists on the lower urinary tract. The pharmacokinet-
ics of mirabegron will also be discussed followed by a review of studies demonstrat-
ing the clinical efficacy of mirabegron compared to placebo and to anticholinergic
medications. Adverse effects and contraindications will also be reviewed.

Pathophysiology of Micturition

Bladder innervation is controlled by the sympathetic and parasympathetic nervous
systems. Under normal circumstances, excitation of the parasympathetic system
results in effective bladder wall contraction and complete bladder emptying.
Conversely, excitation of the sympathetic system enables bladder wall relaxation
and subsequent storage of urine via activation of P-adrenoceptors. Three such
B-adrenoceptors exist: f1, B2, and P3. Specifically, f3-adrenergic receptors are
expressed on nerve fibers in the mucosa and muscular layers of the bladder. Of the
three subtypes, B3 is predominant in the human detrusor muscle, accounting for
97% of its f-adrenoceptor agonists and is activated by adrenergic stimulation result-
ing in detrusor relaxation [4, 5].

Recognition of the role of B-adrenoceptors in bladder storage led to the develop-
ment of a selective f3-adrenoceptor agonist targeted at facilitating bladder wall
relaxation and improvement of storage. In the 1980s and 1990s, research for a
potent B3 agonist gained momentum owing to the development of mirabegron
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which has been shown to have a high intrinsic affinity for the p3-adrenoceptor ago-
nist and very low intrinsic activity at 1 and 2 adrenoceptors [6, 7].

Pharmacokinetics of Mirabegron

Mirabegron is rapidly absorbed in plasma in the unchanged form. In humans it is
then metabolized in the liver by cytochrome P450 (CYP) 3A4 as well as CYP2D6.
Once orally ingested, it is excreted via urine (55%) and feces (34%) as metabolites
and unchanged drug form. The metabolites, phase II glucuronides, are not pharma-
cologically active toward 3-adrenoceptors. Given its method of metabolism, mira-
begron may be subject to drug-drug interactions, particularly with other medications
interacting with cytochrome P450 [8-12].

Pharmacokinetic testing has been done on healthy subjects, specifically non-
obese Japanese, Chinese, and Taiwanese men and women with ages ranging from
20 to 54. The subjects were tested under fasting conditions, low-fat diets, and high-
fat diets with administered doses of mirabegron ranging from 25 mg to 100 mg [13].
Samples of blood and urine assessing the concentration of mirabegron were done at
varying time periods. Overall, this study showed a decrease in absorption of the
drug with ingestion of food. Independent of dose, a decrease in mirabegron plasma
concentration was noted in patients exposed to food. A greater reduction was noted
in patients following a low-fat meal compared to high-fat meals. Despite these find-
ings, interindividual variability in the maximum concentration of drug was similar
in the fasted and fed states. This suggests that dose adjustment is not necessary in
the clinical setting regardless of patients’ dietary intake [13, 14].

Similar studies were conducted in Europe, Australia, and North America in healthy,
adult subjects between ages 18 and 55 with body mass indices (BMI) ranging between
20 and 32, with similar results [15]. Again, drug concentration was higher when medica-
tion was administered under fasting conditions in both the 50 mg and 100 mg dosages.
Though there is a reduction in drug concentration in fed patients, this appears to be clini-
cally insignificant with patients reaching therapeutic drug concentration regardless of
diet and BMI. Adverse effects of reported with mirabegron use included increased blood
pressure, increased heart rate, nausea, and headache. This will be discussed in further
detail later in the chapter. These studies demonstrated similar findings in drug bioavail-
ability and concentration in a diverse group of patients [13—15].

Clinical Efficacy of Mirabegron

To date, several clinical trials have been done assessing the efficacy of mirabegron
[16, 17]. Chapple and associates published a review article assessing phase III clini-
cal trials of mirabegron with similar study designs. Varying doses of mirabegron
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were used, and some studies compared efficacy with both placebo and tolterodine
[18]. Mirabegron daily doses ranging from 25 to 100 mg demonstrated significant
efficacy in urgency incontinence (UI), urgency, and micturition frequency.

In a pooled analysis of three clinical trials, Chapple et al. [18] reported on the
primary endpoints assessed, including mean micturition episodes per 24 h and mean
incontinence episodes per 24 h. Compared to 59.6% of patients in the placebo
group, 69.5% of patients in the 50 mg group and 70.5% of patients in the 100 mg
group reported >50% reduction in incontinence from baseline (p < 0.001). The
percentage of patients with <8 micturitions/24 h at their final visit was 31.6% in the
50 mg group and 34% in the 100 mg group, compared to 24.6% of patients in the
placebo group (p < 0.001). Secondary endpoints assessed were mean voided vol-
ume, level of urgency, urgency episodes, and nocturia episodes from baseline to
final visit. For both mirabegron 50 mg and 100 mg groups, all secondary endpoints
were improved compared to placebo in a statistically significant way (p < 0.05). In
a pooled data analysis of patients >65, mirabegron 50 mg and 100 mg were effec-
tive in reducing the mean number of incontinence episodes per 24 h from baseline
to final visit by 1.6. From baseline to final visit, the mean number of micturitions
was decreased by 1.7 in the 50 mg group and 1.8 in the 100 mg group [18].

In the four trials using the overactive bladder questionnaire (OAB-q), the mini-
mally important difference was exceeded in all domains in the mirabegron group
versus placebo with the exception of the social interaction domain in three of the
studies. The patient perception of bladder control (PPBC), which was evaluated for
responsiveness to treatment by Coyne et al. [19], also demonstrated subjective mea-
sures of improvement in patients taking mirabegron. Significant changes were
defined as major improvement (>2 category decrease), minor improvement (>1
category decrease), no change, or deterioration (>1 category increase). Minor and
major improvements on PPBC at the final visit compared to baseline were appreci-
ated in mirabegron 100 mg vs placebo in two of the studies reviewed (p < 0.001).
Treatment satisfaction-visual analog scale (TS-VAS) showed statistically signifi-
cant improvements in both the mirabegron 50 mg and 100 mg groups versus pla-
cebo (p £0.001) [18]. Overall, a parallel improvement was found in both subjective
and objective measures in the mirabegron groups.

Nitti and colleagues conducted a multicenter, randomized, double-blind, placebo-
controlled trial assessing safety and efficacy in a diverse group of subjects [20]. The
subjects were men and women of varying racial backgrounds, age > 18 with a diag-
nosis of OAB for at least 3 months in the absence of infection, chronic inflamma-
tion, severe hypertension, bladder stones, previous pelvic radiation, pelvic tumor/
mass, continued use of anticholinergic medication, clinically significant stress
incontinence, or stress-predominant mixed incontinence. These patients had to
report a baseline daily voiding frequency of at least eight episodes in addition to
three or more urgency episodes during a 3-day period.

Patients were equally divided into three groups: placebo (n = 454), 50 mg daily
group (n = 442), and 100 mg daily group (n = 433). Demographics and baseline
characteristics were similar between the three groups.
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Both mirabegron groups, when compared to placebo, had decreases in micturi-
tion episodes per 24-hour period, mean level of urgency, as well as mean number of
incontinence episodes (p < 0.05). Both treatment groups also had an increase in
their mean voided volume of urine per void (p < 0.05). Subjectively, the mirabegron
groups were noted to have significant improvements in healthcare-related quality of
life (HRQOL) as assessed by the OAB-q [20].

In the United States, mirabegron is approved for usage at doses of 25 mg and
50 mg. The Food and Drug Administration, after reviewing several double-blind,
placebo-controlled, multicenter randomized trials, found that efficacy in treatment
with reduced number of voids per day and episodes of urgency incontinence in a
24-h period [21]. There are studies which suggest that supratherapeutic doses of
mirabegron (100-200 mg) may result in increased tachycardia and hypertension
[16] (Chapple phase II dose ranging).

Comparison of Mirabegron to Anticholinergic Drugs

Given the standard pharmacologic treatment for overactive bladder has been anti-
cholinergics, a head-to-head comparison between the standard of care and mira-
begron is important for clinical decision-making. Kosilov et al. conducted a
randomized controlled trial evaluating the effectiveness and safety of mirabegron
compared to solifenacin in patients over the age of 65 with OAB [22]. Subjects
(143 women and 95 men) were split into four groups with approximately 50 peo-
ple per group: (1) mirabegron 50 mg, (2) solifenacin 10 mg, (3) combination of
mirabegron 50 mg and solifenacin 10 mg, and (4) placebo. Response to treatment
was measured by urodynamic evaluation pre- and post-treatment, OAB question-
naires, as well as bladder diaries. Both the mirabegron only and solifenacin only
groups had similar improvement in the number of incontinence episodes and
voids per day. In the mirabegron only group, bladder capacity and detrusor com-
pliance were improved (p < 0.05), but the maximum bladder capacity did not
change significantly (p > 0.05), while in the solifenacin only group, all UDS
parameters improved (p < 0.05). No statistically significant improvements were
seen in patients receiving placebo (p > 0.05). In all groups, post-void residual
(PVR) increased by no more than 15 cc [22]. Additionally, 21 patients out of 63
(33%) reported side effects in the mirabegron only group versus 11/52 (21%) in
the solifenacin only group and 59 (24%) in the placebo group. The most common
side effects reported were dry mouth, high blood pressure, increased heart rate,
dizziness, and pain in the heart. The number of patients who refused to continue
therapy due to side effects was clinically insignificant [22]. This study nicely
depicts efficacy for both mirabegron and solifenacin.

Sebastianelli and colleagues completed a systematic review and meta-analysis
comparing the efficacy of mirabegron 50 and 100 mg in the treatment of OAB to
tolterodine 4 mg and placebo [23]. Eight randomized studies were included in this
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meta-analysis evaluating 10,248 patients. Both doses of mirabegron and tolterodine
were significantly associated with improvement in voided volume, mean number of
micturitions per 24 h, incontinence episodes per 24 h, and urgency episodes per 24 h
compared to placebo. While tolterodine did not lead to a decrease in nocturia epi-
sodes in comparison to placebo (p = 0.36), both mirabegron doses lead to a decrease
in nocturia (p < 0.05). No increase in treatment-emergent adverse events (TEAEs)
was found in mirabegron compared with placebo. Tolterodine, however, was associ-
ated with a significantly greater risk overall of TEAEs compared to placebo
(p» <0.0001). The discontinuation rate as a result of AE was not significantly changed
between treatment groups and placebo.

Anticholinergics and mirabegron appear to have similar efficacy in the treatment
and management of OAB. Though not indicated for nocturia, there is a response and
improvement in nocturia with the use of mirabegron when compared to tolterodine
or placebo. Overall, there is a higher reporting of AEs in the anticholinergic groups.
AEs do not result in discontinuation of either drug class in a clinically or statisti-
cally significant way.

Combination Therapy

SYNERGY was a multicenter, randomized, double-blind, phase III trial assess-
ing the efficacy of mirabegron monotherapy vs combination therapy with solif-
enacin [24]. Patients selected for this study were > 18 years of age with OAB
symptoms for >3 months. Subjects were randomized to mirabegron 25 mg,
mirabegron 50 mg, solifenacin 5 mg, mirabegron 25 + solifenacin 5 mg, mira-
begron 50 mg + solifenacin 5 mg, or placebo. Key questionnaires used for
assessing improvement were OAB-qSS and TS-VAS. All treatment groups had
a statistically significant improvement in OAB symptom bother score compared
to placebo (p < 0.001); however the greatest difference was noted in the combi-
nation groups (p < 0.001). HRQOL scores were also observed to be greater in
combination groups vs monotherapy groups (p < 0.002). Both combination
groups showed greater improvement in TS-VAS compared to monotherapy
groups [24].

Kosilov et al., when comparing effectiveness between mirabegron 50 mg/
day and solifenacin 10 mg/day, assessed the efficacy of combination therapy
(simultaneous administration of mirabegron 50 mg/day and solifenacin 10 mg/
day). When comparing the combination group to the mirabegron only and soli-
fenacin only groups, the combination group had the greatest improvements
from baseline. In the combination group, 19/65 (29%) of subjects reported side
effects [22].

Collectively, these studies nicely depict that while monotherapy is efficacious in
patients with OAB, combination therapy provides increased improvement. Side
effects are appreciated in all groups with no greater side effects noted in the combi-
nation group compared to mirabegron alone.
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Use in Special Populations

Obesity

It is well documented that obesity and metabolic syndrome contribute to OAB and
are independent risk factors for the development of urgency/urgency urinary incon-
tinence [25]. Improvements in urinary symptoms have been noted in patients fol-
lowing weight loss [26]. Given this association, Krhut et al. sought to identify the
impact of BMI on the efficacy of mirabegron in women with OAB [15]. A total of
169 women were studied and broken down into three groups, stratified by BMI. The
three groups were as follows: BMI 18.5-24.9, BMI 25-29.9, and BMI >30. Each
group had patients with dry and wet OAB with a predominance of OAB wet patients.
There was no statistical difference among the three groups in previous anticholiner-
gic use or baseline symptom severity. All patients were prescribed mirabegron
50 mg daily for a total of 3 months. Nearly all (165/169, 97.6%) patients completed
the 3-month treatment course. Within all study groups, there was a statistically sig-
nificant improvement (p = <0.05) in all parameters except for severe urgency epi-
sodes within a 24-h period. There were no statistically significant differences in
efficacy among the three groups. A sub-analysis of patients who failed prior anti-
cholinergic therapy revealed that there was a significant improvement in all param-
eters except patients in the group with the highest BMI (average BMI of 34) who
were found to have a lower response in regard to the number of micturition episodes
per 24 h. Ultimately it was noted that mirabegron is efficacious regardless of BMI
and should be considered in both treatment-naive patients and anticholinergic
non-responders.

Bladder Outlet Obstruction

Many men who suffer from bladder outlet obstruction (BOO) concomitantly report
lower urinary tract symptoms (LUTS) including OAB symptomatology. Though the
reported risk of urinary retention in male patients treated with anticholinergics is
less than 3%, there is hesitancy in prescribing these medications to men with BOO
[27, 28].

A randomized, double-blind, placebo-controlled multicenter phase II study was
done in North America investigating the impact of mirabegron on pressure flow
studies in patients with BOO and LUTS [29]. Patients were randomized to mirabe-
gron 50 mg, 100 mg, or placebo for 12 weeks. Urodynamic (UDS) evaluation was
performed at week 1 and week 12, specifically assessing maximum flow (Qmax)
and pressure at maximum flow (PdetQmax). The Qmax and PdetQmax at treatment
end and adjusted average change in Qmax and PdetQmax from baseline to treat-
ment end were similar among the three groups. A dose-dependent increase in PVR
was noted at the 12-week visit in patients treated with mirabegron. The PVR from
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baseline to treatment end in the placebo group was increased by 0.55 + 10.702 cc
compared to 17.9 £ 10.2 cc in the mirabegron 50 mg group and 30.8 + 10.6 cc in the
100 mg group. While this was a statistically significant change in the 100 mg group
(p = 0.046), this was not considered clinically significant. The overall incidence of
AEs was similar for the placebo and mirabegron group. In particular, urinary reten-
tion was noted in one patient in the placebo group and one patient in the mirabegron
100 mg group.

Neurogenic Detrusor Overactivity

Few data have been published on the use of mirabegron in patients with neurogenic
detrusor overactivity (NDO). A retrospective review [30] of 15 patients with spinal
cord injury and NDO who were treated with mirabegron 25 mg for 2 weeks and then
50 mg for at least 4 more weeks found improvements in the number of incontinence
episodes per 24 h. Additionally, on urodynamic evaluation, there were increases in
bladder capacity and compliance, as well as detrusor pressure during filling. Further
study is warranted in this patient population to better understand the efficacy and
tolerability of mirabegron for NDO.

Elderly

The side effect profile of anticholinergics makes them unfavorable drugs for use in
elderly populations due to their association with delirium, cognitive impairment,
and falls [31] Mirabegron may be an alternative in this vulnerable patient popula-
tion. In a prospective observational study [32], patients over the age of 65 who were
initiating medical treatment for OAB participated in phone surveys over a 3-month
period. Patients were either treated with mirabegron or anticholinergics. There was
a significant improvement in OAB symptoms for patients in each group throughout
the study period. There were no significant differences in improvement found
between the two groups. The results of this study suggest that mirabegron is effica-
cious in an elderly population and has similar efficacy to anticholinergics in this
population. However, side effect data was not collected in this study.

Renal and Hepatic Failure Patients

As mentioned above, mirabegron is metabolized via the kidneys and liver. The
potential influence of hepatic and renal impairment on the pharmacokinetics of
mirabegron was evaluated by Dickinson et al. Male and female subjects in this study
were categorized by baseline renal function as determined by estimated glomerular
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filtration rate or hepatic function as determined by Child-Pugh classification.
Subjects in this study received 100 mg of mirabegron. The plasma concentration of
mirabegron in mild, moderate, and severe renal impairment was increased by 31,
66, and 118%, respectively, in comparison to healthy subjects. Similarly, patients
with mild to moderate hepatic dysfunction had increased plasma concentrations
compared to matched healthy subjects by 19 and 65%, respectively. Renal and
hepatic insufficiency were also associated with higher maximum concentrations of
mirabegron [33, 34].

Plasma concentration and maximum concentration increased significantly in
patients with severe renal insufficiency and moderate hepatic insufficiency. Changes
seen in patients with mild to moderate renal insufficiency and mild hepatic insuffi-
ciency are of a smaller magnitude with less clinical significance. Dosing adjust-
ments should be considered in patients with severe renal insufficiency and moderate
hepatic insufficiency [33, 34]. Per the FDA, for patients with an eGFR of 15-29 mL/
min/1.73m? and moderate hepatic insufficiency, mirabegron dosage should not
exceed 25 mg. Treatment is not recommended in patients with end-stage renal dis-
ease or severe hepatic impairment (Child-Pugh class C) [21].

Adverse Events

Several studies have reported on the adverse events associated with mirabegron
treatment; however the reported rate of serious events is low. In healthy, non-OAB
patients, the incidence of serious adverse effects (AEs) with the use of mirabegron
was reported as low and similar across dose groups in the fed and fasted condition.
Fifty-five percent of the 50 mg group and 60.5% of the 100 mg group experienced
minor and self- limited treatment-related adverse events. AEs reported include nau-
sea, headache, mild hypertension, second-degree AV block, and increased pulse rate
of >10 beats/min regardless of dose or food condition [13].

The DRAGON investigator group found that the incidence of treatment-related
adverse events in patients receiving mirabegron doses ranging from 25 to 100 mg
was comparable to placebo [16]. They found an increased incidence of dry mouth in
subjects receiving tolterodine 4 mg compared to mirabegron. Serious AEs were
reported in <2% of patients across all treatment groups. HR was found to increase
in a dose-dependent fashion and only in patients receiving mirabegron doses 100 mg
or higher.

Similarly, the BLOSSOM investigator group, which studied mirabegron use at
higher doses, found that the incidence of treatment-related adverse events was com-
parable for the mirabegron and placebo groups [17]. They reported a low rate of
discontinuation due to AEs: 1.5% (placebo), 4.6% (mirabegron 100 mg twice daily
[BID]), 7.7% (mirabegron 150 mg BID), and 3.1% (tolterodine ER 4 mg daily).
Serious adverse effects noted in these groups did not appear to be treatment related.
They found that while mirabegron 150 mg BID caused a 5 beats per minute (bpm)
increase in heart rate (HR) from baseline, the effects of mirabegron 100 mg BID on
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HR were not clinically relevant. No clinically relevant effects on blood pressure
were appreciated. Additionally, there were no clinically relevant effects on electro-
cardiogram, laboratory parameters, or PVR.

Nitti et al. [20] also evaluated AEs and reported them to be similar between the
treatment and placebo arms. Urinary retention was not found in any study group,
and constipation and dry mouth were reported at low rates (<2%) in both the treat-
ment and placebo arms. Non-culture documented urinary tract infections (UTI)
were found in greater proportions in the treatment arms (2.7% in the 50 mg arm and
3.7% in the 100 mg arm) when compared to placebo (1.8%). Two deaths were
reported (one in the placebo arm and one in the 100 mg treatment arm), but neither
death was deemed study related. Hypertension (HTN) was defined as new-onset
hypertension or an increase in systolic blood pressure (SBP) by >20 mmHg or dia-
stolic blood pressure (DBP) by >10 mmHg on two separate events. Both placebo
and treatment groups had similar rates of HTN reported. There was a slight dose-
dependent increase in heart rate (HR) in the 50 mg group versus the 100 mg group
with a maximal increase in HR of <3 beats per minute. No tachyarrhythmias or QT
prolongations were noted in any patient.

Cardiovascular Risks

As mentioned prior, three subtypes of f-adrenoceptors are found in the bladder with
subtype 3 contributing to 97% of total -adrenoceptors. All three of these subtypes
are also expressed in the heart. f1 activation results in an increased HR and forced
cardiac contractility. B3 activation may have a compounding effect in regard to HR
and cardiac contractility with a positive inotropic effect on the atrial tissue and
negative inotropic effect on the ventricular tissue. f2 receptors, however, are located
in the smooth muscle walls of vascular tissue and activation results in vasodilation
[35]. Given the potential effects of mirabegron on cardiac tissue and vasculature, a
meta-analysis [36] was done evaluating the effects of f3-agonists on the cardiovas-
cular system. Although these studies included other f3-agonists such as solabegron,
ritobegron, TAK677, and BRL35135, the primary focus of the meta-analysis was
mirabegron, which was compared to tolterodine 4 mg ER and placebo. Sixteen of
these trials were randomized controlled studies focused on mirabegron. Three
12-week trials and one 1-year phase III trial done prospectively analyzed the cardio-
vascular safety of mirabegron. Doses of mirabegron used in these studies were
25 mg, 50 mg, 100 mg, and 200 mg. Men and women with OAB symptoms
>18 years old were studied, of which 0.5-1.9% had pre-existing cardiovascular
disease.

Cardiac arrhythmias, QT prolongation, and hypertension were the cardiac-
related events of interest assessed. For normotensive patients, HTN was defined as
average SBP >140 or average DBP >90 after two consecutive visits. For patients
with baseline were consdiered sugnificant HTN, an increase in SBP >20 or DBP
>10 on two consecutive visits or an initiation or increase in antihypertensive medi-
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cations. Tachycardia was reported if morning and evening resting pulse were greater
than 100 beats per minute on 3 separate days [36].

Hypertension was the most common adverse event noted and occurred in approx-
imately 8.7% of the mirabegron 50 mg population and 8.5% of the placebo popula-
tion, but was not reported to be statistically significant. The mean increase in SBP
and DBP was 1 mmHg and was reversible with discontinuation of the medication.
Interestingly, the incidence of HTN decreased as the dose of mirabegron increased
from 50 mg to 100 mg. A subgroup analysis taking age into account showed similar
mean changes in SBP and DBP. Cardiac death, nonfatal myocardial infarction, and
nonfatal strokes were not increased in the mirabegron group versus placebo [36].

One randomized placebo, active-controlled trial corrected for HR and assessed
QT prolongation. This study looked at 176 healthy men and 176 healthy women and
found that at normal dose ranges of mirabegron 25-100 mg, there was no increase
in QT intervals. However, in supratherapeutic doses of 200 mg, QT prolongation
was noted in the female cohort. In the pooled, 12-week population, the frequency of
QT prolongation was low (<£0.4%) and similar between all treatment groups: pla-
cebo, mirabegron, and tolterodine [18].

In the 12-week population studies, HR was evaluated, and the treatment group
was found to have an increased HR from baseline vs placebo. This increase, how-
ever, was 1 beat per minute (BPM) from baseline and was comparable to tolterodine
4 mg ER. Heart rate was actually lower for subjects receiving mirabegron 50 mg in
evening measures compared to subjects on tolterodine 4 mg ER. The 1-year study
showed an adjusted mean increase from baseline in the mirabegron 100 mg group
and tolterodine group, with less of a change in the mirabegron 50 mg group. Again,
the adjusted changes from baseline were minimal at <3 BPM. These changes do not
appear to be clinically significant [36].

In the pooled 12-week population, the overall incidence of tachycardia was <5%
and similar among mirabegron, placebo, and tolterodine groups. Similarly, in the
I-year population, 1.2% of mirabegron 50 mg vs 3.2% of tolterodine ER 4 mg
patients reported tachycardia. One patient on mirabegron 50 mg experienced a
third-degree atrioventricular block though it is unclear if this was a TEAE [36].
Additionally, the incidence of clinically significant atrial fibrillation was higher in
the tolterodine group (1%) than the mirabegron (0.4% in 50 and 100 mg groups) and
placebo (0.2%) groups.

Included in this meta-analysis was a study evaluating the efficacy of mirabegron
with concurrent use of f-blockers, which is important to note given their opposing
physiologic impacts. Seventeen percent of the pooled 12-week population and 19%
of the 1-year population reported concomitant -blocker use, with 11-18% being
nonselective B-blockers. Overall, there were reduced mean incontinence episodes
and micturition episodes per 24 h from baseline to final visit regardless of the use of
B-blockade. In this patient population, mirabegron continued to have good tolerabil-
ity. No data was available directly comparing adverse effects in -blocker users with
concomitant use of mirabegron versus placebo [36].

Additionally, no clinically relevant cardiac adverse events have been noted in
patients using combined therapy of mirabegron/tamsulosin [18].
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In summary, patients with overactive bladder and concomitant cardiovascular
disease should have an informed discussion with their clinicians before starting
treatment for OAB. While most side effects of mirabegron on the cardiovascular
system appear to be clinically insignificant, when prescribed, patients should be
advised of the risks of hypertension, precipitation of arrhythmia, tachycardia, and
QT prolongation. In particular, providers should be cautious in patients with uncon-
trolled hypertension.

Tolerability

While it is important to know that a specific drug has its intended clinical effect, it
is equally as important to consider tolerability and its impact on patient quality of
life and compliance.

Studies have suggested that the compliance rate for anticholinergic medications
for OAB is low, with discontinuation rates ranging from 4% to 31% at the 12-week
mark. This is in part due to lack of efficacy and poor tolerance [37]. In a 2002 survey
administered to women in the United States querying patient satisfaction with treat-
ment of OAB, 31% of patients reported discontinuation of OAB treatment due to
poor tolerance [38]. Comparatively, Martan and associates sought to evaluate the
level of medication adherence of mirabegron at 1 year in patients with OAB. A
retrospective, multicenter study [39] was conducted on patients taking mirabegron
50 mg. The study included adult patients with OAB for a minimum of 3 months or
patients who had failed prior anticholinergic therapy. At 6 months of follow-up, 181
of 206 (87.9%) patients remained on mirabegron 50 mg, while 7 patients had an
increase in dosage to 100 mg and 18 patients had an addition of an anticholinergic
(trospium or solifenacin). At 12 months, a total of 29% of patients (43/176 [24.4%]
females and 17/30 [56.7%] males) had discontinued treatment. The rate of discon-
tinuation was statistically higher in male participants (p < 0.001). No correlation
was found between age and rate of treatment persistence. Of the 60 patients who
discontinued therapy, 40% reported insufficient efficacy and 43.3% reported rea-
sons for discontinuation as missed follow-up and hospitalization for non-medicine-
related reasons. The remaining 16.7% of the patients discontinued therapy due to
side effects including tachycardia, headache, vertigo, nausea, eye irritation, lower
abdominal pain, and vasculitis. There were no reports of discontinuation due to
blurred vision, dry mouth, or constipation. The rate of patients who remained on the
initial 50 mg dosage of mirabegron who discontinued treatment was 58/181 (32%)
versus the group of patients with an increased dose of 100 mg mirabegron or com-
bination of mirabegron and antimuscarinic who had a discontinuation rate of 2/25
(8%) (p =0.013).

The 29% drop-out rate reported in this study is compared to the reported drop-
out rate of 60% in several clinical trials evaluating treatment persistence for anti-
muscarinics [40, 41]. Overall treatment compliance appears to be higher among the
mirabegron monotherapy group in comparison to patients who use anticholinergics
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as monotherapy. Additionally, there appears to be a decreased drop-out rate in
patients who use combination therapy or higher doses of mirabegron; however, the
numbers in this study are small.

To compare the tolerability of mirabegron to an anticholinergic, specifically tolt-
erodine ER, a double-blind, prospective study was conducted by Staskin and col-
leagues [42] assessing the level of bother associated with six side effects:
constipation, dry mouth, drowsiness, headache, nausea, and blurred vision. The sec-
ondary endpoint of this study was to assess patient preference of the medication.
Each drug was administered for 8 weeks before a 2-week washout. The treatment
groups were broken down into two periods as follows: mirabegron-washout-
tolterodine (n = 156), tolterodine-washout-mirabegron (n = 157), mirabegron-
washout-mirabegron (n = 31), and tolterodine-washout-tolterodine (n = 32). In
patients receiving mirabegron, the dose was up-titrated from 25 mg to 50 mg after
4 weeks. The dose of tolterodine ER remained at 4 mg. At baseline, patients had
moderate to severe symptoms of OAB with urgency episodes exceeding 4 in a 24-h
period, frequency of urination more than 10 per 24 h, and approximately 2.7 incon-
tinence episodes per day. Interestingly, mean tolerability scores were higher, indi-
cating less bother related to medication side effects, for any mirabegron use (period
1, 85.48; period 2, 87.10) when compared to any use of tolterodine ER (period 1,
82,46; period 2, 84.33) (p = 0.004). Patients reported a slight preference for toltero-
dine ER (51.7%) over mirabegron (48.3%); however this was not statistically sig-
nificant. Dry mouth was experienced by 56.5% patients during the tolterodine ER
period and 44.5% of the patients during the mirabegron period. This information
was elicited at each follow-up visit with the medication tolerability scale of the
OAB-S questionnaire. No differences were noted between treatments in objective
measurements of incontinence and urinary frequency [42].

The authors demonstrated that overall drug tolerability was better in the mirabe-
gron group compared to the tolterodine group; however patient preferences between
the two drugs were comparable. Objective improvements and treatment preferences
were similar between the two groups; however the AEs were higher with
tolterodine.

Cost-Effectiveness

As stated earlier in the chapter, approximately 546 million people are affected by
OARB resulting with a net cost in the United States of $65.9 billion in 2007 with a
projected increase to $82.6 billion in 2020 [43, 44]. The majority of these costs are
due to OAB-related comorbidities including UTIs, sleep disturbances, skin rashes
and infections, depression, and increased patient care visits. Additional costs are
associated with the untreated patient. Perk et al. [45] described a budget income
model (BIM) built to study the economic and clinical impact of use of mirabegron
for the treatment of OAB in US commercial payer and Medicare Advantage patients.
The cost considered in this analysis included not only prescription drug cost but also
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the cost associated with physician visits, OAB-related comorbidities, and cognitive
effects resulting in outpatient and ED visits. Costs of non-cognitive adverse effects
related to pharmacotherapy were considered negligible in this analysis.

The use of mirabegron increased total prescription cost; however, medical costs
decreased due to fewer adverse events associated with non-treatment. The number
of comorbidities decreased overall as a portion of the untreated population was
treated with mirabegron leading to an overall reduction in the cost incurred by
payers.

The authors suggested that overall, mirabegron is associated with less cost due to
decreased OAB-related comorbidities in addition to the absence of cognitive
impacts and its associated costs. No analysis was done on cost savings associated
with non-pharmacologic treatment and the impact that may have on overall health-
care costs. In the elderly population where cognitive decline is a serious consider-
ation, mirabegron may offer efficacy with decreased OAB-related costs due to a
reduction in comorbidities and the potential impact on cognition of anticholiner-
gics, but this has not yet been specifically studied [46].

Conclusions

In the absence of satisfactory improvement in symptoms from behavioral modifica-
tion, oral agents are the next step in the management of OAB. Anticholinergics have
been the mainstay of treatment until recently. Since the introduction of $3-agonists,
researchers and clinicians have sought to assess efficacy and the role of mirabegron
in the management of OAB. Mirabegron appears to be a cost-effective, safe, effica-
cious, and tolerable drug and should be considered as first-line treatment or in
patients who have poor tolerance to or are refractory to anticholinergics. Combination
therapy with mirabegron and anticholinergics can be considered if a clinically
desired response is not achieved by monotherapy because combination therapy
seems to offer an even greater improvement in symptoms. There may be a role for
mirabegron in neurogenic detrusor overactivity, but further research is needed in
this complex population.
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Chapter 8
Combination Pharmacotherapy for
Overactive Bladder

Joon Jae Park and Christopher R. Chapple

Introduction

As seen in previous chapters of this book, pharmacotherapy for overactive bladder
(OAB) whilst it has traditionally relied on antimuscarinic therapy such as oxybutynin,
tolterodine and solifenacin has been augmented by the introduction of the $3-receptor
agonist mirabegron. Used as a monotherapy agent, both groups of medications have
similar efficacy rates but with different side effect profiles [1]. The difficulty for the
treating clinician comes when patients have minimal or no benefit on either of these
groups of medications [2, 3]. As later chapters of this book will also show, intradetrusor
botulinum injections are effective in patients with refractory OAB symptoms (particu-
larly urgency urinary incontinence) [4]. Unfortunately, due to its more invasive nature as
well as having its own unique side effects, such factors may influence its choice by both
patients and the treating clinicians alike [5]. Other alternatives currently available
include sacral nerve neuromodulation [6] and percutaneous tibial nerve stimulation [7],
but their popularity in mainstay clinical practice is currently limited.

Clearly then, combining both groups of oral OAB medications is an attractive
option, as by using different mechanisms of action, efficacy may be optimised and
the incidence of side effects reduced. There are now studies showing improved effi-
cacy when compared to both separate monotherapy groups. From a safety point of
view, combining an antimuscarinic and a be f3-agonist can provide a similar effi-
cacy to a higher dose of antimuscarinic but with a reduced incidence of side effects
by lowering their antimuscarinic dosage requirements and consequently lower their
associated antimuscarinic side effects such as dry mouth and constipation. In this
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chapter, we will be examining the evidence of combination therapy in the manage-
ment of OAB.

At the time of this book’s publication, there were a total of five clinical trials that
involved an antimuscarinic agent with a f3-agonist. All of them involved the com-
parison of solifenacin as the antimuscarinic agent of choice and mirabegron as the
only 3-agonists currently available. Four out of five of these trials were industry
sponsored by Astellas Pharma as both of these agents were developed and marketed
by this company. The trials involve one large phase 2 (Symphony), one small
Russian randomised study, one small post-marketing phase 4 Japanese study
(MILALI) and two large phase 3 studies (BESIDE and SYNERGY) [8—12].

For this book chapter, we will briefly summarise the study design and efficacy
results of all of these five clinical trials, but particular attention will be given to the
three larger trials (Symphony, BESIDE and SYNERGY trials). We will also review
the patient-reported outcome measure (PROM) results and safety-related outcome
measures from these studies, which are always important to know for the practising
clinician at the time of prescribing these combination therapies [13]. Finally, we
will give some practical advice in terms of ideal starting prescriptive dosage, timing
of dosage increment and follow-up regime.

Please note that this chapter will not focus on the evidence looking at combina-
tion therapy between an alpha-blocker with either an antimuscarinic or f3-agonists
in male patients with concomitant OAB and bladder outlet obstruction/benign pros-
tatic hyperplasia as this is covered in Chapter 15, ‘Considerations in Male OAB’.

Symphony Study by Abrams et al.

An initial animal model study showed that combining both solifenacin and mirabe-
gron led to additive effects in increasing bladder storage function [14]. A phase I
study evaluating the pharmacokinetic interaction in healthy non-OAB individuals
between these two drugs did not show any significant interaction, and it was found
to be generally well tolerated [15].

This paved the way for future clinical trials leading to the phase 2 study named
the Symphony trial published in February 2014 [8]. This trial was a factorial
designed, multicentre, multinational, randomised, double-blind, parallel group,
placebo and monotherapy controlled trial in men and women with OAB. Inclusion
criteria included those patients aged >18 years with symptoms of OAB such as
urgency, urinary frequency and/or urgency incontinence of >3-month duration.
This study had a total of 1306 patients who entered initial randomisation, and
1239 patients went on to complete the study. As for any phase 2 study, the pri-
mary objective was to evaluate the efficacy of this new combination therapy.
Secondary objectives included the evaluation of the optimal dosing regime
(dose-response relationship) as well as assessing for its safety and tolerability.
As the ideal combination doses were unknown, there were a total of 12 ran-
domised groups: 1 placebo, 5 monotherapy (solifenacin 2.5, 5, or 10 mg mono-
therapies and mirabegron 25 or 50 mg monotherapies) and 6 combination groups
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(solifenacin 2.5, 5, or 10 mg plus mirabegron 25 or 50 mg). The study duration
was 12 weeks in each arm.

The primary end point was the change from baseline to end of treatment in mean
volume voided per micturition (MVV), which is a common end point measured in
OAB trials to show drug efficacy as it is an objective parameter measured in fre-
quency volume charts. In this trial, except for the mirabegron 25 mg monotherapy
group, all other groups showed statistically significant improvement in MVV when
compared to placebo. Of more interest to this particular book chapter, when one
compares the combination therapy groups to solifenacin 5 mg monotherapy group,
four out of six solifenacin and mirabegron combination groups achieved statistically
significant adjusted change in MVV. These four groups were the solifenacin 5, or
10 mg plus mirabegron 25 mg, and solifenacin 5, or 10 mg plus mirabegron 50 mg
(the combination therapy groups containing solifenacin 2.5 mg did not achieve sta-
tistically significant adjusted change). The adjusted mean difference in MVV in the
aforementioned four groups were 18.0 (SE 6.2) [95% CI 5.4-30.0] (p < 0.001), 22.0
(SE7.4)[95% C17.2-36.1] (p <0.001), 18.2 (SE 6.1) [95% C1 6.2-30.2] (» < 0.003)
and 26.3 (SE 7.3) [95% CI 12.0-41.0] (p < 0.001), respectively.

In terms of change from baseline to end of treatment (EOT) in the mean number of
micturitions per 24 h, statistically significant differences compared to both placebo
and solifenacin 5 mg monotherapy were only observed in three out of six combination
groups. These groups were the solifenacin 10 mg together with mirabegron 25 mg and
solifenacin 5 or 10 mg plus mirabegron 50 mg. The group with the largest change in
urinary frequency was seen in the higher dose group of solifenacin 10 mg together
with mirabegron 50 mg. The adjusted change (SE) from baseline to EOT in mean
number of micturitions per 24 h was — 1.1 (p < 0.005) when compared to placebo
and — 1.0 (p < 0.005) when compared to solifenacin 5 mg monotherapy.

All 12 groups (including placebo) showed a reduction in the number of inconti-
nence episodes from baseline to EOT. However, none of the treatment arms in this
study failed to show any statistically significant reduction in the number of inconti-
nence episodes when compared to placebo.

The main limitation of the Symphony study is that only the MVV was powered
to detect any differences; consequently, the other efficacy variables were therefore
underpowered.

It is important to assess if the above improvements in MVV and urinary frequency
seen in combinations groups are actually meaningful to patients. It is important to
show statistically significant subjective changes, but if the patient fails to notice any
subjective improvements, it is unlikely to lead to any significant improvement in
quality of life. Therefore it is extremely important to evaluate the patient-reported
outcomes in any OAB studies. In the case of the Symphony trial, the authors pub-
lished a separate paper specifically looking at this subject matter [8]. Two validated
health questionnaires were used for this trial. These were the Overactive Bladder
Questionnaire (OAB-q) and Patient Perception of Bladder Condition (PPBC). The
OAB-q consists [16] of an 8-item symptom bother scale (0—100; lower scores indi-
cate better QoL) and a 25-item health-related QoL (HRQoL) scale (0—100; higher
scores indicate better QoL). The PPBC [17] consists of a six-point Likert scale rang-
ing from one (‘no problems at all’) to six (‘many severe problems’).
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Only two out of the six combination therapy groups achieved a statistically sig-
nificant difference of >10-point improvement in the OAB-q symptom bother score
when compared to placebo. These were solifenacin 5 mg plus mirabegron 25 mg
(OR 2.14 [95%CI1.02, 4.48, p = 0.043]) and solifenacin 5 mg plus mirabegron
50 mg (OR 2.61 [95% CI 1.22, 5.58, p = 0.013]). However, no combination group
showed a statistically significant difference compared to solifenacin 5 mg mono-
therapy. One of this combination group, the solifenacin 5 mg plus mirabegron
50 mg group showed a > 10-point improvement in total HRQoL compared to both
placebo (OR 2.45 [95% CI 1.22, 4.94, p = 0.012]) and solifenacin 5 mg monother-
apy (OR 2.21 [95% CI 1.19, 4.09, p = 0.012]).

Looking at the PPBC questionnaire, more than 80% of patients achieved >1-point
improvement in PPBC, but only the solifenacin 5 mg plus mirabegron 50 mg com-
bination at EoT showed statistically significant superiority compared to both pla-
cebo and solifenacin 5 mg monotherapy (p < 0.05). This was also the only group
that achieved a major (>2 point) improvement versus both placebo (p = 0.038) and
solifenacin 5 mg monotherapy (p = 0.012).

The previously noted secondary objective of change in the mean number of mic-
turitions per 24 h was further analysed by the authors to assess the odds of achieving
micturition normalisation with combination therapy. This was defined as a change
of >8 micturitions/24 h at baseline to <8 micturitions/24 h post EOT. Results showed
that in two groups, the solifenacin 10 mg plus mirabegron 25 mg and solifenacin
5 mg plus mirabegron 50 mg, 65.4% and 61.6% of patients respectively achieved
normalisation of micturition. This was statistically significant when compared to
both placebo and solifenacin 5 mg (p < 0.05). The odds of achieving micturition
frequency normalisation was approximately twofold greater with the combination
groups of solifenacin 10 mg with mirabegron 25 mg (OR 2.06 [95% CI 1.11, 3.84;
p = 0.023]) and solifenacin 5 mg with mirabegron 50 mg (OR 1.91 [95% CI 1.14,
3.21; p =0.015]) compared to the solifenacin 5 mg monotherapy group.

In summary, the Symphony study showed that some combination therapy groups
were superior to both placebo and monotherapy groups. The ideal combination dos-
age seems to be the solifenacin 5 mg plus mirabegron 50 mg as it gave rise to simi-
lar/superior efficacy to the higher dosage of solifenacin 10 mg plus mirabegron
50 mg. This was achieved with a lower side effect profile compared to the latter
group and will be discussed more in detail later in this book chapter.

Randomised Study by Kosilov et al.

The following year after the publication of the Symphony trial, Kosilov et al. pub-
lished a randomised, single-blinded, placebo controlled trial in September 2015
looking at the efficacy and safety of solifenacin and mirabegron combination ther-
apy in elderly OAB patients [9]. A total of 239 elderly patients (143 female and 95
male) with a mean age of 71.2 participated in this trial. The patients were ran-
domised to receive one of four groups consisting of placebo, solifenacin 10 mg,
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mirabegron 50 mg or solifenacin 10 mg plus mirabegron 50 mg for 6 weeks
duration.

The results showed that all three treatment groups showed improvement in the
mean number of urinary incontinence episodes per day and in the mean number of
micturitions per day. The combination group of solifenacin 10 mg and mirabegron
50 mg showed the highest improvement in both of these parameters with a change
in mean urinary incontinence episodes per day from 5.1 to 1.3 (p < 0.01) and a
change in the mean number of micturitions per day from 9.1 to 5.1 (p < 0.01).
However, only the mean urinary incontinence episodes per day was statistically
superior to both solifenacin and mirabegron monotherapy groups (p < 0.05). No
statistically significant changes were seen in the placebo group.

Unique to this study, all patients had filling cystometric urodynamic studies both at
the beginning and at the end of the study. This showed that 64.4% of patients had
detrusor overactivity related urinary incontinence, 23.4% had phasic detrusor overac-
tivity and 12.1% had terminal detrusor overactivity. All three treatment groups showed
improvement in maximum bladder capacity and detrusor compliance. Once again the
largest change was seen in the combination therapy group where the mean maximum
bladder capacity increased from 188.7 ml to 289.9 ml at EOT whilst the bladder detru-
sor compliance increased from 18.5 and 32.4 ml/cm H20 at EOT (p < 0.001).

Treatment-related side effects were similar across the three groups (range 21-33.3%).
Six patients had to discontinue treatment due to treatment-related side effects (three
patients each in the solifenacin monotherapy and in the combination groups).

Although the authors of this trial should be commended in carrying out the only
nonindustry-sponsored trial to date in the use of combination therapy in OAB
patients, it is difficult to make solid conclusions from it due to its limitations of rela-
tively low number of patients recruited (between 52 and 65 patients in each arm)
and short duration of the trial (6 weeks of active treatment).

MILAI Study by Yamaguchi et al.

The MILAI study was a relatively small Japanese multicentre, nonrandomised,
open-label phase IV study to assess the efficacy and safety of mirabegron as an
‘add-on’ therapy for patients with OAB treated with solifenacin published in
October 2015 [10]. Due to its open-label design, there was no placebo arm, and
neither the participants nor the clinicians were blinded. There was also no mono-
therapy arm that the combination therapy could be compared to. The study was
primarily looking at the safety profile of combination therapy in a small Japanese
population (n = 218), and they recruited postmenopausal female OAB patients and
men who did not wish to have further children. This is reflected in the mean age of
the participants being 64.6 years (SD 9.97, range 38-85).

The total duration of the study was 18 weeks, comprising of a 2-week screening
period and a 16-week treatment period. Patients initially received either solifenacin
2.5 or 5 mg monotherapy for 2 weeks. The initial solifenacin dosage was not
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randomised, and although it was not specifically mentioned by the authors, we pre-
sume that it was left to the treating physician to decide the starting dose. Subsequently,
at week 2, all participants received an additional mirabegron 25 mg. At week 8, the
treating clinician was free to increase the dose of mirabegron to 50 mg (whilst keep-
ing the original solifenacin dose at 2.5 mg or 5 mg) if they thought the participant
had an insufficient response, if the patient was also agreeable to the increase in dos-
age and so long as there were no other safety concerns. Thirty-seven of 70 (53%)
patients receiving solifenacin 2.5 mg plus mirabegron 25 mg went up to increase
their dose of mirabegron to 50 mg, and 93/148 (63%) patients receiving 5 mg plus
mirabegron 25 mg went up to increase their dose of mirabegron to 50 mg.

The MVYV significantly increased from baseline to each visit in all treatment
groups with the highest change observed in the solifenacin 5 mg plus mirabegron
50 mg group (36.957 ml, p < 0.001, 95% CI 27.971-45.943). The mean change in
the number of micturitions/24 h from baseline to EOT was similar across all four
groups, ranging from —1.89 to —2.36. Overall 38.2% achieved normalisation of
urinary frequency of <8 micturitions/24 h. The mean number of urgency epi-
sodes/24 h significantly decreased from baseline to EOT across all groups ranging
from —1.57 to —2.59. The mean change in the overactive bladder symptom score
[18] from baseline to EOT ranged from —3.4 to —4.0. The PROM was measured
using the overactive bladder questionnaire short form score (OAB-q SF), and all
four groups saw significant improvements (p < 0.001). The mean changes from
baseline to EOT for the mean OAB-q SF symptom bother score ranged from —16.31
to —22.25 for the different treatment groups and for OAB-q SF total HRQL score
ranged from 12.56 to 17.34. The overall incidence of treatment-related adverse
event (TEAE) was 23.3% with only 4.9% being classified as serious.

As mentioned earlier, the MILAI study was a relatively small post-marketing
study without a placebo arm or active monotherapy arm to which the combina-
tion groups could be compared. The main conclusion that we can draw from this
study is that combination therapy seems to be safe in Japanese patients with
OAB.

BESIDE Trial by Drake et al.

Having established the efficacy and safety of combination therapy in the aforemen-
tioned smaller studies, two phase III studies were published shortly one after
another. The first was the BESIDE study published in February 2016 [11], which
looked specifically at whether patients who were still having urgency urinary incon-
tinence (i.e OAB ‘wet’) with solifenacin 5 mg would go on to do better if they
increased their solifenacin dose to 10 mg versus ‘adding-on’ mirabegron. This is a
very relevant cohort group of patients in clinical practice as urgency urinary incon-
tinence is the most bothersome OAB symptom and affects QoL the most [19]. They
are also the group of patients that are most likely to contemplate more invasive
procedures such as intradetrusor botox injections [20].
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The study design consisted of a randomised, double-blind, parallel-group, multi-
centre and multinational phase IIIB study. There was no placebo arm in this study.
Inclusion criteria included patients aged >18 years, having OAB symptoms for
>3 months with an average of >2 incontinence episodes/24 h. After a 2-week
screening/washout period, 2401 patients were given solifenacin 5 mg (single blind)
for 4 weeks. Subsequently, only those patients who failed to achieve 100% conti-
nence went on to proceed with randomisation. So a total of 2174 patients were
randomised (double-blind) to 1 of 3 arms for 12 weeks in a 1:1:1 ratio. The groups
were solifenacin 5 mg (control arm), solifenacin 10 mg or combination therapy with
solifenacin 5 mg plus mirabegron (25 mg for the first 4 weeks and 50 mg for the last
8 weeks). There was no mirabegron monotherapy arm. The severity of the OAB in
this group of patients is reflected in their baseline characteristics, in which the num-
ber of Ul episodes/24 h was quite high at 3.16 (SD 2.73), 3.31 (SD 3.05) and 3.23
(SD 3.00), respectively. These were similar to the mean urgency UI episodes/24 h
episodes showing that most UI were due to urgency rather than stress UL About 2/3
of the participants had tried at least one or more OAB medications in the past, and
the mean number of pads used was almost three a day (range 2.74-2.92).

Results showed that the adjusted change from baseline to EOT in the mean num-
ber of UI episodes per 24 h (primary end point) was greater with combination
(—1.80) compared to solifenacin 5 mg (—1.53) or solifenacin 10 mg (—1.67), giving
rise to a statistically significant difference vs solifenacin 5 mg and 10 mg groups of
—0.26 (p =0.001, 95% CI —0.47 to —0.05) and — 0.13 (p = 0.008, 95% CI —0.34 to
0.08), respectively.

There was also statistically significantly greater improvement in the mean num-
ber of micturitions/24 h (a key secondary end point) with combination therapy
(—1.59) compared to solifenacin 5 mg (—1.14) or solifenacin 10 mg (—1.12), giving
rise to a statistically significant difference between the combination group vs solif-
enacin 5 mg and 10 mg groups of —0.45 (p = <0.001, 95% CI —0.67 to —0.22)
and — 0.47 (p < 0.001, 95% CI —0.70 to —0.25), respectively.

As mentioned earlier, in this study all the patients who were randomised were
incontinent at baseline despite 4 weeks of solifenacin 5 mg. Post-randomisation,
those who went on to have zero incontinence episodes at EOT were higher in the
combination group (46%) than in the solifenacin 5 mg (37.9%) or in the solifenacin
10 mg (40.2%) monotherapy groups. So the odds ratio of remaining dry on combi-
nation therapy compared to solifenacin 5 mg and 10 mg was 1.47 (p = 0.001, CI
1.17-1.84) and 1.28 (CI 1.02-1.61), respectively. In other words, one was 47% and
28% more likely to achieve complete continence on combination therapy compared
to remaining on solifenacin 5 mg or increasing the solifenacin dose to 10 mg,
respectively. No clinically or statistically significant difference in nocturia episodes
was seen.

Quality of life was assessed using the OAB-q, the Patient Perception of Bladder
Condition (PPBC) questionnaire and the Treatment Satisfaction Visual Analog
Scale (TS-VAS) [21]. The combination group demonstrated superiority over solif-
enacin 5 and 10 mg groups for change from baseline to EOT in the symptom bother
score, the total HRQoL and the PPBC. The mean adjusted difference in the symptom
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bother score was —4.96 (p < 0.001, 95% CI —6.88 to —3.04) and —3.30 (p = 0.001,
95% CI —5.23 to —1.37) for the combination vs solifenacin 5 and 10 mg, respec-
tively. The mean adjusted difference in the total HRQoL were 3.15 (p = 0.001, 95%
CI 1.35 to 4.95) and 3.38 (p < 0.001, 95% CI 1.58 to 5.19) for the combination vs
solifenacin 5 and 10 mg, respectively. The change from baseline to EOT in the
TS-VAS was statistically significantly higher for combination compared with solif-
enacin 5 mg but not compared with solifenacin 10 mg with a mean adjusted differ-
ence of 0.4 (p = 0.001, 95% CI 0.2 to 0.6) and 0.2 (p = 0.113, 95% CI 0.0 to 0.4),
respectively.

The BESIDE trial is an important phase III study that showed that in the sub-
group of patients with urgency UI persistence despite 4 weeks of solifenacin 5 mg
monotherapy, adding in mirabegron rather than increasing the dose of solifenacin to
10 mg is not only better, but as we will see later, it also led to fewer side effects.

SYNERGY Trial by Herschorn et al.

The following year, in October 2017, the other phase III trial, SYNERGY, was pub-
lished [12]. This is the largest clinical trial conducted so far, looking into the effi-
cacy and safety of combination therapy of solifenacin and mirabegron in the
treatment of OAB. This trial was a randomised, double-blind, parallel-group, pla-
cebo controlled, active-controlled, multicentre and multinational phase III study.

The total study duration was 18 weeks. There was an initial 4-week single-blind
placebo run-in period followed by a 12 week double-blind treatment period with a
final 2-week single-blind placebo run-out period.

It is important to highlight that only patients with OAB symptoms who had epi-
sodes of urinary incontinence (UI) were eligible to enter randomisation. In those
patients with mixed UI, urgency UI had to be the predominant factor to be allowed
to enter randomisation. So inclusion criteria were patients aged >18 years having
OAB symptoms for >3 months with an average of >8 micturitions/24 h, >1 urgency
episode/24 h (grade 3 or 4 on the Patient Perception of Intensity of Urgency Scale
(PPIUS)/24 h [22]) and >3 UI episodes over a 7-day micturition diary.

A total of 3527 patients were randomised (double-blind) to 1 of 6 arms for
12 weeks in a 1:1:1:2:2 ratio. The groups were placebo, solifenacin 5 mg, mirabe-
gron 25 mg, mirabegron 50 mg, solifenacin 5 mg plus mirabegron 25 mg and solif-
enacin 5 mg plus mirabegron 50 mg.

The two co-primary end points were (1) change from baseline to EOT in the
mean number of Ul episodes/24 h and (2) change from baseline to EOT in the mean
number of micturitions/24 h. Key secondary efficacy end points were change from
baseline to EOT in the MV V/micturition and change from baseline to EOT in
PROM.

Results showed that the mean adjusted change from baseline to EOT for the two
co-primary end points was greater in the combination therapy groups compared to
both placebo and monotherapies. However, although the combined solifenacin 5 mg
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plus mirabegron 50 mg showed statistical superiority to solifenacin 5 mg mono-
therapy for change from baseline to EOT in mean number of UI episodes/24 h with
a mean adjusted difference of —0.20 (p = 0.033, CI —0.44 to 0.04), it failed to show
a statistically significant difference when compared to mirabegron 50 mg mono-
therapy with a mean adjusted difference of —0.23 (p = 0.052, CI —0.47 to 0.01).
Hence the primary objective for the combined solifenacin 5 mg plus mirabegron
50 mg therapy was not met. As the null hypothesis for this test was not rejected, the
subsequent hypotheses for the change in the mean number of micturitions/24 h and
the MV V/micturition could not be tested. Nonetheless, at a p value of 0.052, the
study came close to reaching statistical significance, and the authors goes on to
explain the possible reasons why this may be so. For example, in their analysis of
their data, it was noted that there was a larger effect size in patients who had received
prior OAB treatment compared to patients who never had OAB treatment prior to
participating in this trial (i.e. treatment-naive patients). Specifically, the mean num-
ber of UI episodes and micturitions/24 h was better in those who had prior OAB
medication in the past. So bearing this in mind, one possible explanation, the authors
argued, of why this trial’s co-primary end point failed to reach statistical signifi-
cance may be due to the fact that there was a higher proportion of treatment-naive
patients in the SYNERGY study compared to the previous phase I1I trial (BESIDE).
The number of treatment-naive patients in the SYNERGY and BESIDE trials was
54% and 31.8%, respectively. Furthermore, in the BESIDE trial, only those who
remained incontinent despite 4 weeks of solifenacin 5 mg monotherapy went on to
proceed with randomisation. In contrast, this preselection of patients was not per-
formed in the SYNERGY trial.

In secondary analyses, the adjusted change from baseline to EOT in mean numbers
of micturitions/24 h for mirabegron 25 mg (—2.00), mirabegron 50 mg (—2.03), soli-
fenacin 5 mg (—2.20), solifenacin 5 mg plus mirabegron 25 mg (—2.49) and solifena-
cin 5 mg plus mirabegron 50 mg (—2.59) was all greater than placebo (—1.64). The
adjusted mean change from baseline to EOT in MV V/micturition for mirabegron
25 mg (13.32), mirabegron 50 mg (21.99), solifenacin 5 mg (30.99), solifenacin 5 mg
plus mirabegron 25 mg (34.84) and solifenacin 5 mg plus mirabegron 50 mg (39.73)
was also all greater than placebo (8.44). At EOT, 52.2% of patients in the solifenacin
5 mg plus mirabegron 50 mg went on achieve zero Ul episodes/24 h (based on the last
3 diary days). This was slightly lower in the solifenacin 5 mg plus mirabegron 25 mg
group at 50.7%. For the monotherapy treatment groups of solifenacin 5 mg and mira-
begron 50 mg, it was 42.9% and 46.3%, respectively, giving rise to an odds ratio
compared to solifenacin 5 mg plus mirabegron 50 mg of 1.40 (95% CI, 1.09 to 1.81)
and 1.34 (95% CI, 1.04 to 1.73), respectively.

As regards PROM results, the mean adjusted change from baseline to EOT in
OAB-q symptom bother score was greater in the combination groups compared to
the monotherapy groups and placebo groups. The largest change was seen in the
solifenacin 5 mg plus mirabegron 25 mg (—=31.1) and solifenacin 5 mg plus mirabe-
gron 50 mg (—32.2) groups. These were statistically significant (p < 0.001) when
compared to placebo (—19.5), mirabegron 50 mg monotherapy (—26.1) and solife-
nacin 5 mg monotherapy (—26.4) groups.
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The mean adjusted change from baseline to EOT in HRQoL total scores was
greater in the combination groups compared to the monotherapy groups and pla-
cebo groups. The largest change was seen in the solifenacin 5 mg plus mirabegron
25 mg and solifenacin 5 mg plus mirabegron 50 mg groups with an adjusted mean
(SE) change from baseline to EOT of 24 and 24.3, respectively. This was statisti-
cally significant (p < 0.001) when compared to placebo and solifenacin 5 mg mono-
therapy groups but not compared to mirabegron 50 mg (p = 0.002).

Meta-analysis by Xu et al.

A meta-analysis was recently published in September 2017 comparing the efficacy
and safety of combination therapy to solifenacin monotherapy [23]. The doses used
in this meta-analysis were solifenacin (5 or 10 mg) plus mirabegron (50 mg) and
solifenacin (5 or 10 mg) monotherapy. The MILAI study was excluded in their
analysis as it did not have a monotherapy arm.

Results showed that the mean difference in mean number of micturitions per
24 h was —0.45 (95% CI, —0.65 to —0.26, P < 0.00001), the mean difference in
number of episodes of incontinence per 24 h was —0.71 (95% CI, —0.14 to —0.02,
P =0.04) and the mean difference in mean number of urgency episodes per 24 h was
—0.56 (95% CI —0.83 to —0.30, P < 0.0001), all favouring combination therapy
over solifenacin monotherapy.

Safety Assessments of Combination Therapy

A clear clinical concern one would have at the time of considering combination
therapy is whether there could be an increased side effect risk when these two
classes of medications are combined. All five trials so far mentioned had safety
assessments looking into treatment-emergent adverse events (TEAEs), post-void
residual volumes, laboratory parameters and cardiovascular parameters (such as
heart rate, blood pressure and electrocardiogram changes). We will now look into
the data from these trials so that we can better counsel and monitor our patients in
whom we start combination therapy.

Antimuscarinics Side Effects

During the dose-finding phase II study, Symphony [8], it was noted that the total
treatment-emergent adverse events (TEAE) were highest in the treatment arms con-
taining solifenacin 10 mg. For example, the TEAE for solifenacin 10 mg plus mira-
begron 50 mg group was 59.3%, whereas in the solifenacin 5 mg plus mirabegron
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50 mg group, it was lesser at 40.8%. Most TEAE were mild to moderate in severity
with dry mouth being the commonest side effect with a severity incidence of 17.3%
and 13.1%, respectively. Only a few patients went on to discontinue their medica-
tion by the end of the trial, and the group with the largest number of patients who
had to discontinue their medication due to TEAE was in the solifenacin 10 mg plus
mirabegron 50 mg group at only 3.7%. In contrast, in the solifenacin 5 mg plus
mirabegron 50 mg, only 0.7% went on to discontinue their medication due to a
TEAE. For this reason, the two subsequent phase III trials did not include combina-
tion therapy groups containing solifenacin 10 mg as the trial organisers felt that the
side effect to benefit ratio did not warrant its use. Conversely, we, the authors, don’t
recommend the use of solifenacin 10 mg combination therapies in routine clinical
practice.

In the phase III BESIDE trial [11], the TEAE incidences among the three
treatment arms were similar with TEAE incidences of 33.1% in the solifenacin
5 mg monotherapy group, 39.4% solifenacin 10 mg monotherapy group and
35.9% in the solifenacin 5 mg plus mirabegron 50 mg combination group. In the
phase III SYNERGY study [12], the total number of TEAE was also similar
across the different groups, with the highest incidence seen in the solifenacin
5 mg plus mirabegron 25 mg at 40.4% and the lowest incidence in the mirabe-
gron 25 mg at 31.9%.

Dry mouth and constipation were the commonest antimuscarinic side effects
seen in both phase III trials. In the BESIDE [11] trial, the incidence of dry mouth
and constipation in the combination therapy group was 5.9% and 4.6%, respec-
tively. This was similar to solifenacin 5 mg monotherapy at 5.6% and 3% but lesser
than in the solifenacin 10 mg monotherapy at 9.5% and 4.7%. In the SYNERGY
trial [12], the incidence of dry mouth and constipation for the solifenacin 5 mg plus
mirabegron 50 mg was 7.2% and 3.7%, respectively, which was slightly higher than
the solifenacin 5 mg monotherapy group’s incidence of 5.9% and 1.4%, respec-
tively. To put things in perspective, during a 12-month-long phase III trial compar-
ing mirabegron 50 mg and tolterodine extended release 4 mg, the incidence of
TEAE was 59.7% and 62.6%, respectively, with dry mouth incidences of 2.8% and
8.6%, respectively [24].

Urinary Tract Infections (UTI)

The incidence of UTIs in the BESIDE study [11] was similar across the three treat-
ment groups (range 2.2-2.8%). In the SYNERGY study [12], the incidence of UTIs
was highest in the combination groups, with the UTI incidences in the solifenacin
5 mg plus mirabegron 25 mg and solifenacin 5 mg plus mirabegron 50 mg being 7%
and 5.2%, respectively. These were only slightly higher as compared to the other
groups in this trial, with UTI incidences of 4.9%, 5%, 4.3% and 3.8% in the pla-
cebo, solifenacin 5 mg, mirabegron 25 mg and mirabegron 50 mg monotherapy
groups, respectively.
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Post-void Residual (PVR) and Acute Retention
of Urine (ARU)

In clinical trials, patients with elevated PVRs tend to be excluded from OAB trials
[25,26]. So the mean baseline PVR volume seen in both the BESIDE and SYNERGY
trials was very low at 26 ml and 22.5 ml, respectively [11, 12]. In the BESIDE trial,
the mean change of PVR at EOT for the solifenacin 5 mg, solifenacin 10 mg and
combination groups was 3 ml, 7.4 ml and 5.5 ml, respectively. This small mean
change of PVR from baseline to EOT is mirrored in the SYNERGY trial, where the
highest change in the mean PVR volume was 11 mL in the solifenacin 5 mg plus
mirabegron 50 mg group.

Based on the BESIDE trial, urinary retention was an uncommon occurrence, and
this was reported as a TEAE in only eight patients with one (0.1%), five (0.7%) and
two (0.3%) patients reported in the solifenacin 5 mg, solifenacin 10 mg and combi-
nation groups, respectively. TEAE for urinary retention were based on spontaneous
reporting using a predefined list of preferred and lower-level terms.

Two patients in the solifenacin 10 mg group discontinued their treatment due to
urinary retention; however, the authors stated that these two patients did not require
catheterisation. There was no case of urinary retention requiring catheterisation in
any treatment group reported by the authors. On the other hand, in the SYNERGY
study, it seems that rates of urinary retention were more common in the combination
groups. Not a single case of urinary retention occurred in the placebo and mirabe-
gron monotherapy groups, but in the solifenacin 5 mg monotherapy, solifenacin
5 mg plus mirabegron 25 mg and solifenacin 5 mg plus mirabegron 50 mg groups,
there were three (0.7%), eight (0.9%) and ten (1.2%) patients with urinary retention.
Among these, a total of four patients required catheterisation, two patients (0.2%) in
the solifenacin 5 mg plus mirabegron 25 mg group and two patients (0.2%) in the
solifenacin 5 mg plus mirabegron 50 mg group.

Overall urinary retention rates, at least in the short term, seem to be uncommon,
and checking PVR upon follow-up seems to be prudent at present.

Cardiovascular Safety

The incidence of OAB tends to increase with age, and therefore cardiovascular
comorbidities tend to be more prevalent in OAB patients [27]. Safety results from
all the trials conducted so far seem to indicate that there is no clinically significant
added risk of cardiovascular-related TEAE with combination therapy.

The most comprehensive results published on this topic are based on the BESIDE
study where the authors went on to publish a separate paper looking at this subject
matter [28]. The frequency of hypertension, tachycardia and ECG QT prolongation
was low across all three treatment groups of combination (1.1%, 0.3%, 0.1%), soli-
fenacin 5 mg (0.7%, 0.1%, 0.1%) and solifenacin 10 mg (0.8%, 0%, 0.1%) groups.
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Adjusted mean change from baseline to EOT in systolic and diastolic blood pres-
sure for solifenacin 5 mg (—0.93 mm Hg, —0.45 mm Hg), solifenacin 10 mg
(—1.28 mm Hg, —0.48 mm Hg) and combination groups (0.07 mm Hg, —0.35 mm
Hg) was all comparable to each other. Adjusted mean change from baseline to EOT
in pulse rate for solifenacin 5 mg (0.43 bpm), solifenacin 10 mg (0.27 bpm) and
combination groups (0.47 bpm) was also comparable to each other. These small
changes in pulse rate and blood pressures are unlikely to be of much clinical
significance.

TEAE related to hypertension for the groups of solifenacin 5 mg, solifenacin 10 mg
and combination group was reported in five (0.7%), six (0.8%) and eight (1.1%) patients,
respectively. Seven serious CV-related TEAEs were reported, but none of these were
considered by the trial investigators to be related to the OAB treatment.

Practical Prescriptive Advice

Looking at the evidence from these trials, it seems that combination therapy is safe
and effective in the non-neurogenic OAB group of patients. In any given treatment-
naive patient, it seems prudent that no matter how severe the symptoms of OAB may
be, the data supports the view that one should try monotherapy treatment first rather
than upfront combination therapy. Antimuscarinics are the commonest first-line ther-
apy that is used clinically worldwide, with mirabegron being the obvious alternative
should there be any contraindications to the use of antimuscarinics or failure to
respond to them. This is in contrast to the management of patients with non-neuro-
genic male LUTS due to BOO secondary to benign prostatic enlargement/benign
prostatic hyperplasia where long-term studies such as MTOPS and COMBAT have
clearly shown that patients who are upfront started on combination therapies with an
alpha-blocker and five alpha reductase inhibitors will go on to have a better short- and
long-term efficacy compared to their individual monotherapy groups [29, 30].

The best indication so far for the use of combination therapy in OAB seems to be
in the ‘refractory’ OAB patients. The precise criteria for defining the success or
failure of antimuscarinic treatment that is universally accepted is as yet to be defined
[31], and one could argue, based on the BESIDE study, that patients who have per-
sistent urgency urinary incontinence despite 4 weeks of solifenacin 5 mg are a rea-
sonable benchmark to define failure to respond to antimuscarinic therapy. So a clear
evidence-based recommendation for the use of combination therapy in OAB would
be in the group of patients whom initial solifenacin 5 mg monotherapy fails to
achieve satisfactory improvement in urgency urinary incontinence. In this group of
patients, we recommend adding on mirabegron 25 mg or 50 mg instead of increas-
ing the solifenacin dose further and review them again 4 weeks later. If symptom
control is still not satisfactory and the patient is tolerating the regime well, then one
could further increase the mirabegron 25 mg dose to 50 mg. This mirrors the
BESIDE trial protocol, and it seems that patients continued to notice further
improvements in their symptoms at each clinical trial visit up to the EOT visit at
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12 weeks. Therefore we recommend that a further clinical assessment be made
2-3 months after the start of combination therapy prior to deciding whether the
patient is indeed refractory to combination therapy or not.

The latest updated 2017 European Association of Urology (EAU) guidelines on
urinary incontinence reflect these changes and states that ‘patients inadequately
treated with solifenacin 5 mg may benefit more from the addition of mirabegron
than dose escalation of solifenacin’ and was given a level of evidence of 1b [32].
Unfortunately, the American Urological Association (AUA)/Society of Urodynamics,
Female Pelvic Medicine and Urogenital Reconstruction (SUFU) guidelines which
were last amended in 2014 do not comment on combination therapy as of yet [33].

The duration of all the clinical trials ranged from 12 to 16 weeks, so, regrettably,
we do not have any long-term efficacy data of combination therapy. This would be
an interesting topic of research in the future.

We acknowledge that the cost of medication is an important consideration at the
time of prescribing medications and that solifenacin is by no means the cheapest
antimuscarinic currently available in many markets, as it is one of the latest to enter
the market and still under patent protection law. Although one could argue that com-
bining mirabegron with other antimuscarinics medications could make financial
sense, there is, unfortunately, no data to support its efficacy and safety. The only
other study comparing another antimuscarinic medication with mirabegron was a
small Japanese pharmacokinetic drug interaction study between mirabegron and
tolterodine in healthy Japanese postmenopausal females (i.e. non-OAB patients)
[34]. Therefore we, the authors, cannot recommend that any other antimuscarinics
other than solifenacin should be used in combination therapy. Again this will be a
good topic for further research in the future.

Conclusion

In summary, in patients with refractory urgency urinary incontinence despite solif-
enacin monotherapy, combination therapy leads to superior efficacy compared to
increasing the solifenacin dose with an acceptable/better side effect profile. Other
clinical indications such as upfront combination therapy and the use of other anti-
muscarinic agents other than solifenacin are currently not supported by the data
available. Long-term efficacy of combination therapy is currently lacking, and fur-
ther research is warranted.
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Chapter 9
Behavioral Therapy in Combination
with Pharmacotherapy

Cristiano Mendes Gomes and Marcelo Hisano

Introduction

Behavioral treatments (BT) are a group of therapies that aim to improve overactive
bladder (OAB) symptoms by modifying patient behavior or his/her environment.
Most BT programs include multiple components and are individualized to the needs
of the patient and his/her particular living situation [1]. There are two main
approaches to BT for OAB. One targets the modification of bladder function by
changing voiding habits, such as with bladder training and delayed voiding. The
other approach focuses on the bladder outlet and includes pelvic floor muscle train-
ing to enhance strength and control and techniques for urge suppression. Distinct
components of BT can include self-monitoring [bladder diary), timed voiding,
delayed voiding, pelvic floor muscle training (including pelvic floor relaxation), use
of pelvic floor muscles for urethral occlusion and urge suppression (urge strategies),
normal voiding techniques, biofeedback, electrical stimulation, fluid management,
dietary changes, weight loss, and other lifestyle changes [1, 2].

As BT presents essentially no risks to patients, most guidelines encourage its use
as first-line treatment to all patients [ 1-5]. BT can be combined with other therapeu-
tic techniques, and we will discuss its use in association with pharmacological ther-
apy for OAB in this chapter.
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Behavioral Treatments for OAB

Behavioral treatments are designated as first-line treatments because they are as
effective in improving symptoms as pharmacological treatment [2]. In addition,
they are relatively noninvasive and, contrary to medications, are rarely associated
with adverse events. Nonetheless, they do require the active participation of the
patient and/or caregiver along with time and effort from the clinician.

Most studies with BT for OAB focus on the treatment of urinary inconti-
nence, and most trials have been performed with women [5]. The literature indi-
cates that most patients experience significant reductions in symptoms and
improvements in quality of life. The medical literature provides clear support
for the effectiveness of bladder training with incremental voiding schedules [6]
and pelvic floor muscle training with urge suppression techniques [7].
Improvements typically range from 50% to 80% in reduction of the episodes of
incontinence. Reductions in voiding frequency have also been shown in men [8]
and women [6, 9].

Studies have also demonstrated improvement of OAB symptoms with reduction
in fluid intake and caffeine intake [5].

No single component of behavioral therapy appears to be indispensable to effi-
cacy, and no single type of BT appears to be superior than others [1, 5].

Behavioral Treatments Versus Pharmacotherapy

A number of studies have compared the effectiveness of BT and pharmaco-
therapy. In randomized trials, different types of BT were generally either equiv-
alent to [9] or superior to [7] medications in reducing incontinence episodes,
improving voiding parameters such as frequency and nocturia and ameliorating
quality of life (QoL). Most studies evaluated oxybutynin, but other agents such
as tolterodine, imipramine and solifenacin have also been evaluated with similar
results [7-10].

According to the American Urological Association/Society of Urodynamics,
Female Pelvic Medicine and Urogenital Reconstruction (AUA/SUFU) guideline
panel [3, 4], these data indicate that behavioral therapies can result in symptomatic
improvements similar to pharmacotherapy without exposing patients to adverse
events. Evidence strength is considered Grade B because most of the randomized
trials were of moderate quality, follow-up durations were short in most studies
(12 weeks), and sample sizes were small. Consistent with these results, the guide-
line recommends behavioral therapies should be offered to all OAB patients, includ-
ing those that require a caregiver, who can be instructed in BT such as prompted
voiding and timed voiding. The European Association of Urology (EAU) guideline
also supports this recommendation [5].
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Combination of Behavioral Therapy and Pharmacotherapy

Behavioral and drug therapies are frequently used in combination in clinical prac-
tice to enhance patient symptom control and QoL. Few studies indicate that starting
behavioral and pharmacological therapy simultaneously may improve outcomes,
including frequency, voided volume, incontinence, and symptom distress [11-14].
In patients who are not significantly improved on behavioral or drug therapy alone,
there also is evidence that continuing the initial therapy and adding the alternate
therapy in a stepped approach can produce further clinical improvement [15].

According to the AUA/SUFU guideline panel [3], there are no known contrain-
dications to combining pharmacologic management and BT. They considered the
evidence strength as Grade C because it is based on relatively few trials, small
sample sizes, and limited follow-up durations.

Potential limitations for the use of BT include patient ability and motivation to
comply and availability of, and access to, specific treatments. Behavioral therapies
do require an investment of time and effort by the patient to achieve maximum ben-
efits and may require sustained and regular contact with the clinician to maintain
regimen adherence and consequent efficacy [16]. In patients who are unwilling or
unable to comply with behavioral therapy regimens and instructions, it is appropri-
ate to move to second-line pharmacologic therapies.

Given that idiopathic OAB is a chronic syndrome without an ideal treatment and
no treatment will cure the condition in most patients, clinicians should be prepared
to manage the transition between treatment levels appropriately. Treatment failure
occurs when the patient does not have the desired change in their symptoms or is
unable to tolerate the treatment due to adverse events; lack of efficacy and the pres-
ence of intolerable adverse events reduce compliance. The interaction between effi-
cacy, tolerability, and compliance is important to achieve the best results [17].

Most studies concerning the combination of behavioral therapy and anticholiner-
gic agents were performed for female patients without neurological conditions. One
important limitation common to most studies is that it is very difficult to blind
patients and researchers regarding the assignment to behavioral treatment [10].

Burgio et al. in 1998 [7] conducted a randomized trial comparing three groups of
treatment for OAB confirmed by clinical evaluation and urodynamic testing. They
randomized 197 women between 55 and 92 years old for behavioral therapy with
biofeedback (n = 65 patients), anticholinergics (oxybutynin; n = 67), and placebo
(n = 65). The primary outcome measure of the study was the reduction of episodes
of incontinence after 8 weeks. Significant improvement of this endpoint was
observed for all groups, with superior improvement for patients in the behavioral
therapy group (80.7% reduction) compared to the anticholinergic group (68.5%)
and placebo (39.4%). The improvement occurred mostly during the initial 4 weeks
of treatment. Another parameter measured in this study was the patient’s perception
of improvement, which was 81.6%, 66.4%, and 45.1%, respectively. It is interesting
to note that 53% of the patients had a cystogram pre- and posttreatment. Of these,
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bladder capacity increased by a mean of 17.3 mL in the behavioral group (p = 0.3)
and 70.9 mL in the anticholinergic group (p < 0.001) and decreased by 5.9 mL in
the placebo group (p = 0.61).

In a follow-up study, the same group published their results in terms of urody-
namic changes after treatment [9]. They showed superior increase in cystometric
capacity in the oxybutynin group compared to the BT and placebo groups (69.9 mL,
17.3 mL, and 6.0 mL, respectively). The effect on other urodynamic parameters was
comparable for the two active intervention groups and did not parallel symptom
improvement.

The finding of subjective clinical improvement after behavioral therapy despite
the lack of objective improvement (like for cystogram or urodynamic test) was also
demonstrated by Elser in 1999 [18]. They evaluated 181 women with stress incon-
tinence, OAB, or mixed incontinence in three groups of treatment (bladder training,
pelvic floor muscle training (PFMT), and combined therapy) and performed urody-
namic tests pre- and posttreatment. They did not find objective changes in urody-
namic results, except for first sensation to void, which had increased.

In an extension of their randomized controlled trial (RCT) [7], Burgio et al.
offered additional treatment to patients who were not completely dry or satisfied
with the outcome [15]. Patients who received BT in the first phase of the study
(n = 8) received the addition of oxybutynin and were evaluated after 8 weeks.
Additional benefit was seen in improvement from a mean 57.5% reduction of incon-
tinence with single therapy to a mean 88.5% reduction of incontinence with com-
bined therapy. Twenty-seven subjects crossed from drug therapy alone to combined
drug and BT. They also had additional improvement, from a mean 72.7% reduction
of incontinence with single therapy to a mean 84.3% reduction of incontinence with
combined therapy. The authors concluded that combining drug and BT in a stepped
program can produce added benefit for patients with OAB.

The ability of behavioral therapy to enable discontinuation of drug treatment was
evaluated in women with urge urinary incontinence [12]. After a first phase when
patients were randomized to receive tolterodine and behavioral therapy or toltero-
dine only for 10 weeks, patients discontinued medication and were followed for
8 months. The tolterodine dose was 4 mg daily and could be reduced to 2 mg as
necessary, while behavioral therapy included bladder training and PFMT. There
were no differences between the groups for the primary endpoint, defined as not
needing treatments for OAB at 8 months (28% for combined therapy group and
27% for tolterodine group). Although the addition of BT did not result in improved
ability to discontinue drug therapy, the combination treatment had beneficial effects
on patient satisfaction, perceived improvement, and reduction of OAB symptoms.

A prospective RCT compared the efficacy of the association of BT and pharma-
cotherapy to antimuscarinics alone in 64 women with urodynamically proven
urgency urinary incontinence [19]. Patients received extended release oxybutynin
for 8 weeks; those in the combined drug-BT group also received PFMT and bladder
training. No differences in reduction of incontinence episodes were observed
between the groups at 8-week (91.8% reduction in the drug only group vs 86.2% in
the combination group) and also at the 6- and 12-month evaluations. Groups did not



9 Behavioral Therapy in Combination with Pharmacotherapy 153

differ on secondary outcomes at any point. The authors concluded that concurrent
behavioral training does not enhance outcomes of drug therapy for urgency inconti-
nence in women when the pharmacological therapy is implemented with frequent
individualized dose titration, daily bladder diaries, and careful management of side
effects.

A multicenter randomized single-blind study compared the effect of drug treat-
ment with combined drug/BT therapy in 501 patients (25% men) with clinical
symptoms of OAB [14]. Patients received either tolterodine alone or tolterodine and
bladder training. In both groups, a significant improvement in comparison to the
baseline symptoms was observed. Superior improvements with combined therapy
were observed for urinary frequency reduction and voided volume after 24 weeks.
No differences were observed between groups for urgency episodes and inconti-
nence episodes.

Another multicenter study compared the combination of tolterodine with a sim-
ple PEMT to tolterodine alone [20]. All patients received 2 mg of tolterodine, and
227 patients were randomized to the combination treatment group and also received
PFMT. Of the patients, 75.4% were women and they were evaluated at 12 and
24 weeks. There was an improvement in terms of incontinence episodes, micturi-
tions per day, urgency episodes, voided volume per micturition, and patients percep-
tion for both groups compared to baseline, but no differences were observed between
groups.

Chancellor et al. randomized 395 patients (89% women) with OAB in two
groups: darifenacin alone (190 patients) vs darifenacin associated with BT (bladder
training and Kegel exercises; 205 patients). The darifenacin dose started at 7.5 mg
daily and could be increased to 15 mg, as needed. After 12 weeks of treatment, the
average reduction of urinary frequency from baseline was 2.7 for both groups.
Secondary parameters such as urgency urinary incontinence, urgency episodes, and
nocturia were also improved for both groups, with no between-group differences.

Another multicenter randomized study compared the effects of solifenacin treat-
ment to solifenacin and BT for patients with OAB [13]. A total of 643 patients (85%
women) were randomized for the two groups (323 vs 320, respectively); they ini-
tially received 5 mg daily of the solifenacin for 8 weeks after which they could
increase the dosage for 10 mg daily, as needed. The primary endpoint at 8 weeks
was the micturition frequency, which decreased in both groups but was significantly
better in the combination group (2.9 decrease vs 2.2 for solifenacin only group). At
week 16, the reduction of micturition frequency was still greater for the combined
therapy. No differences were found between groups in terms of reduction of urgency
episodes, incontinence episodes, number of pads used, and urgency incontinence
episodes.

A Cochrane Review compared the efficacy of pharmacotherapy vs combined
therapy with BT for non-neurogenic OAB in 2012 [10]. Three studies were included
for the comparison between the combination of anticholinergic drugs and bladder
training versus bladder training alone. They showed superior subjective improve-
ment for the combination therapy, while no differences were observed in terms of
improvement of the number of voids per day and urgency. For the comparison of
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antimuscarinics in combination with BT versus antimuscarinics alone, nine trials
were identified. However, because of the different types of BT applied, a
meta-analysis was not possible. Three trials compared tolterodine combined to
bladder training to tolterodine alone, with improvements favoring the combination
group. Three other trials compared anticholinergic agents combined to bladder
training and PFMT; a meta-analysis of these studies showed no differences between
the two groups regarding micturitions per day. The proportion of people experienc-
ing adverse events was similar in the trials comparing bladder training and an anti-
cholinergic versus anticholinergic alone. The authors concluded that because of the
great disparity between studies in terms of antimuscarinic agents and dosages used
and the type of behavioral therapy, it was not possible to draw a definite recommen-
dation. In addition, they highlighted the lack of data concerning the long-term
results.

It is important to note that studies comparing pharmacotherapy with specific
behavioral interventions (other than PFMT/timed voiding/bladder training), includ-
ing fluid and dietary modification and weight loss, are lacking.

Combination of Electrical Stimulation Therapy for OAB

Electrical stimulation (ES) applied to patients with OAB involves the use of either
implanted or external electrodes to stimulate efferent fibers to the striated urethral
sphincter reflexively causing detrusor relaxation or the selective activation of affer-
ent fibers causing inhibition at spinal and supraspinal levels [21, 22]. The mecha-
nism of action of SNS is not completely understood. The therapeutic benefits of
SNS may arise from the effects of electrical stimulation on afferent and efferent
nerve fibers connecting the pelvic organs and the spinal interneurons to the central
nervous system [21, 22]. External electrodes are broadly classified into endocavi-
tary and percutaneous electrodes. Endocavitary electrodes can be placed intravagi-
nally or rectally. Percutaneous approaches include transcutaneous electrical nerve
stimulation (TENS) and percutaneous tibial nerve stimulation (PTNS). When the
electrodes are placed on the perineal skin surface, it is termed TENS [23]; PTNS
involves minimally invasive electrical stimulation of S2 to S4 sacral nerves via a 34
gauge needle placed just above the medial malleolus of the ankle [24, 25].

According to the International Consultation on Incontinence, ES may be an alter-
native to improve symptoms for urgency urinary incontinence (grade of recommen-
dation: B) [1]. However, they advise that this recommendation should be viewed
with caution until the findings are supported in further trials. It is also important to
bear in mind that there are virtually endless combinations of current types, wave-
forms, frequencies, intensities, electrode types, and placements that can be used for
ES. Additional confusion is created by the rapid developments in the area of ES and
a wide variety of stimulation devices and protocols that have been developed even
for the same conditions. So far, it is not possible to identify one particular technique
that is superior to others for OAB treatment [1].
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Sacral nerve modulation (SNM) is a technique that involves implanted electrodes
[26, 27]. It is a two-stage invasive procedure where an electrode is placed
percutaneously alongside S3 in the sacral foramina. It is not a modality of BT and
will not be discussed in this chapter.

In 2010 Sancaktar et al. published a randomized trial comparing the use of PTNS
combined with tolterodine (n = 20) versus tolterodine alone (n = 20) for women
with OAB [28]. Patients in the combined group received PTNS sessions once a
week for 12 weeks. There was a significant decrease from baseline for both groups
in terms of urinary frequency, urgency episodes, incontinence episodes, and incon-
tinence impact questionnaire (IIQ-7). Patients in the combined therapy group had
superior improvements for all the aforementioned parameters. The incontinence
episodes per week decreased from a mean of 22 to 12.3 in the drug group and 6.4 in
the combination group therapy (p < 0.001).

Another study compared the treatment of OAB with TENS vs TENS and oxybu-
tynin vs oxybutynin alone [29]. Seventy-five women with OAB were randomized
for these three groups, with 25 patients in each group; clinical evaluation was per-
formed with the International Consultation on Incontinence-Short Form (ICIQ-SF)
to assess incontinence, the International Consultation on Incontinence-OAB (ICIQ-
OAB) to assess the symptoms of OAB, a QoL questionnaire, and a 3-day voiding
diary. Treatments were delivered for 12 weeks and patients were evaluated. They
were re-evaluated after another 12-week period, during which no treatments were
delivered for any group. At completion of the treatment period, the ICIQ-SF score
improved for all groups, with no significant differences (7.2 in the TENS group,
9.8 in oxybutynin group, and 7.9 in combination group). However, 12 weeks after
the end of the treatment, the oxybutynin group had an increase in incontinence epi-
sodes (13.3) compared to the TENS alone group and TENS plus oxybutynin group
(8.3 and 7.4, respectively; p = 0.0006). Similar results were seen with the ICIQ-
OAB score and the QoL questionnaire. The authors concluded that TENS alone or
in association present longer-lasting results for improvement of clinical symptoms
of OAB and QoL.

A recent meta-analysis reviewed the combination of antimuscarinics with ES or
behavioral therapies to pharmacotherapy alone [30]. A total of 10 RCTs were
selected for the meta-analysis, comprising 982 women with non-neurogenic
OAB. The antimuscarinic agents used were tolterodine in seven, oxybutynin in two,
and solifenacin in one. The behavioral therapies were electrical stimulation in eight
studies and bladder training in two. For the antimuscarinics combined with ES treat-
ment compared with antimuscarinics alone, there were significant reductions of
average frequency of urination, incontinence, and urgency, with pooled standard-
ized mean differences of —2.38, —1.32, and —0.87, respectively. There was also a
significant reduction of average frequency of urination (pooled standardized mean
difference = —0.30; 95% confidence interval: —0.52 to —0.08) for the antimuscarin-
ics combined with bladder training treatment compared with antimuscarinics alone.
The authors concluded that both electrical stimulation and bladder training may
improve treatment of OAB symptoms when compared with isolated drug therapy.



156 C. M. Gomes and M. Hisano

A recent study compared the effects of transcutaneous posterior tibial nerve
stimulation (TENS) three times a week with the combination of TENS and trospium
chloride (20 mg daily) for women patients who had failed first-line behavioral
therapy for OAB and had detrusor overactivity at urodynamics [31]. After 8 weeks
of treatment, all clinical parameters measured for both groups were improved com-
pared to baseline. The combination group had superior improvements for the
OABSS, 1IQ-7, urinary frequency, and mean voided volume. In addition, they out-
performed the TENS only group in urodynamic parameters such as first sensation
and bladder capacity.

Behavioral Therapy in Combination with Estrogens

Estrogens have been used to treat postmenopausal women with OAB for many
years, but there have been few controlled trials to confirm that it is of benefit [32,
33]. In a double-blind multicenter study with 64 postmenopausal women with “urge
syndrome,” Cardozo et al. found similar objective and subjective improvements in
symptoms in comparison to placebo [34]. All women underwent pre-treatment uro-
dynamic investigation to ensure that they had either sensory urgency or detrusor
overactivity. They were randomized to treatment with oral estriol 3 mg daily or
placebo for 3 months. Compliance with therapy was confirmed by a significant
improvement in the maturation index of vaginal epithelial cells in the active but not
the placebo group. In another study from the same group, investigators compared
the effects of estradiol implants with placebo and were not able to show any differ-
ences in terms of clinical improvement [35]. However, a higher complication rate
was noted in the estradiol-treated patients (vaginal bleeding).

Although the evidence supporting the use of estrogens in lower urinary tract
dysfunction remains controversial, considerable data support their use in urogenital
atrophy, and the vaginal route of administration appears to offer superior relief by
improving vaginal dryness, pruritis, and dyspareunia and greater improvement in
cytological findings while having no or minimal serum estradiol levels [36, 37].

A meta-analysis of intravaginal estrogen treatment in the management of uro-
genital atrophy was reported by the Cochrane group in 2012 [38]. They evaluated
trials that used varying combinations of estrogen, dose, duration of treatment, and
length of follow-up. The combined result of six trials of systemic administration
(oral estrogen) resulted in worse incontinence than placebo. However, there was
some evidence that locally applied estrogen used as vaginal creams, pessaries, sup-
positories, or rings improved incontinence. Overall there was less frequency and
urgency in patients treated with local estrogen.

Since vaginally applied estrogen may be useful in the treatment of perimeno-
pausal women with OAB symptoms by improving the urethral epithelium, vaginal
vessels, and connective tissue, there could be a role for combination treatment with
BT [39].
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An RCT evaluated the use of estrogen in combination with pelvic floor stimula-
tion (PFS) in perimenopausal women [40]. A total of 315 patients with OAB were
divided in three treatment groups: (1) vaginal PES, (2) vaginal estrogen cream, and
(3) combined vaginal PFS and estrogen cream. Vaginal estrogen cream consisted of
daily 2 g of estrogen cream 0.625 mg/g. Vaginal PFS was performed with a vaginal
probe twice weekly for 6 weeks in 30-min sessions. Evaluations were performed at
baseline and1 week and 3 and 6 months after completion of treatment. Significant
improvements in OAB symptoms, QoL scores, and urodynamic parameters were
observed for all groups after 1 week of treatment. The improvement was signifi-
cantly better in the combined therapy group than in group 2 in all parameters except
for detrusor overactivity. Improvement was significantly better in the combined
therapy group than in the vaginal PFS alone group in all parameters except for void-
ing frequency, incontinence episodes, and QoL. All groups showed deterioration in
all evaluable parameters within 6 months of follow-up, except for incontinence epi-
sodes in the combination therapy group. The authors concluded that estrogen may
augment the effect of PFS and also prolong its duration.

Behavioral Therapy in Combination with }3-Agonists

Mirabegron is the only $3-agonist approved for the treatment of OAB, and its use is
discussed in another chapter of this book. As of the writing of this chapter, there
were no relevant published studies. Since the effect of mirabegron appears to be
similar to most antimuscarinic agents [41], one might suppose that the benefits
observed with the combined use of antimuscarinics and BT should probably be
observed with the combination of mirabegron and BT. However, studies addressing
the effects of these combinations are needed to support the use of such multimodal
treatment.

Combination Therapy for Children

The pharmacological treatment of OAB in children is the topic of another chapter
of this book. We included in this chapter only data regarding the combined use of
antimuscarinics and BT.

In a prospective, randomized, single-blind study, Quintiliano F. et al. compared
the use of parasacral transcutaneous electrical stimulation (PTENS) with oxybu-
tynin treatment in children with OAB [42]. A total of 28 patients (9 boys and 17
girls; age 4-17 years old) were randomized to receive PTENS in 20-min sessions 3
times per week with oral placebo daily or oral oxybutynin with scapular electrical
stimulation (sham treatment) 3 times per week. After 3 months of treatment, the
improvement of symptoms was similar in the two groups. However, despite the lack
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of statistical significance, the rate of complete resolution was about twofold in favor
of PTENS (46% vs 20% in the oxybutynin group; p = 0.204). The voiding volume
improved for both groups, but urinary frequency improved only for the oxybutynin
group, when compared to baseline. Constipation was reported by 15 (53%) patients
at baseline and was improved in all 6 patients (100%) in the PTENS group and in
55% (5 patients) of the oxybutynin group. No patients in the PTENS group pre-
sented with side effects. However, in oxybutynin group dry mouth, hyperthermia,
and hyperemia developed in 58%, 25%, and 50% of patients, respectively. The
authors concluded that PTENS is as effective as oxybutynin to treat OAB in chil-
dren but more effective to treat constipation while showing no detectable side
effects.

In a recent study, Borch et al. evaluated the use of TENS and oxybutynin for the
treatment of children with urge urinary incontinence [43]. They randomized 66
patients to receive (1) TENS combined with oxybutynin, (2) TENS combined with
placebo oxybutynin, or (3) sham TENS combined with oxybutynin. The study took
10 weeks, and patients were evaluated before treatment, at 3 weeks, and at the end
of the study. The primary endpoint of the study was the number of wet days weekly.
The combined therapy achieved more dry patients than the other two groups (36%
vs 0% vs 13%, respectively; p = 0.05). Children receiving active combination ther-
apy had an 83% higher response rate than those in the placebo sacral TENS plus
active oxybutynin group (RR 1.83, CI 1.0 to 3.5, p = 0.06). Active sacral TENS plus
oxybutynin was significantly more effective compared to group 2 regarding
improvement in number of wet days per week (mean difference — 2.28, CI —4.06 to
—0.49, p < 0.01), severity of incontinence (mean difference — 3.11, CI —5.98 to
—0.23, p < 0.05), and frequency (mean difference — 2.82, CI —4.48 to —1.17,
p < 0.001). The authors concluded that TENS in combination with oxybutynin is
superior to monotherapy with either treatment.

Conclusions

The pharmacological treatment of OAB with antimuscarinics or mirabegron is well
established. Behavioral treatments are designated as first-line treatments because
they are as effective in improving symptoms as pharmacological treatment, are rela-
tively noninvasive, and, contrary to medications, are rarely associated with adverse
events. However, they require patient ability and motivation to comply and avail-
ability of and access to specific treatments. Moreover, BT demands an ongoing
investment of time and effort by the patient and the clinician to maintain regimen
adherence and consequent efficacy. Although there is no data to suggest that BT
may promote superior results as compared to drug treatment, the effect of BT might
be expected to persist in those patients who continue the regimen, which is not
observed after interrupting medical therapy.

The combination of BT and pharmacotherapy for OAB may be a useful treat-
ment strategy. It may be introduced stepwise to improve OAB symptoms of patients
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that did not obtain adequate symptom control with medical or behavioral therapy
alone, or it can be offered upfront to enhance clinical improvement. However, from
current medical literature, it is not possible to determine what is the best treatment
modality or combination to use in an index OAB patient. Larger trials with longer
follow-up are needed, particularly long-term results after treatment has ended.
There is also a need for studies evaluating the combination of f3-agonists with
BT. Finally, additional studies looking at other forms of behavioral therapy, includ-
ing dietary and fluid modification and weight loss, in combination with pharmaco-
therapy are desirable.
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Chapter 10 )
Pharmacotherapy for Nocturia

Check for
updates

Ari M. Bergman and Jeffrey P. Weiss

Introduction

Nocturia is defined by the International Continence Society (ICS) as voiding that
occurs during the hours of sleep, when each void is preceded and followed by sleep
[1]. Though the clinical complaint is often simple, nocturia can be caused by many
different conditions. Determining the underlying etiology is essential for choosing
the appropriate therapy. Medical conditions causing or contributing to nocturia
should be ruled out or addressed as appropriate. Subsequent pharmacologic inter-
ventions should be guided by data derived from a frequency-volume chart (FVC),
which is used to subcategorize nocturia. Initial treatments include behavioral inter-
ventions and therapy for underlying medical conditions contributing to nocturnal
urine production. Pharmacological treatments include medications for overactive
bladder (OAB), benign prostatic hyperplasia (BPH) with bladder outlet obstruction
(BOO), and those to reduce nocturnal urine production.

Prevalence

Nocturia is common and affects patients from all demographics. The Boston Area
Community Health (BACH) survey, which queried 5502 men and women from ages
30 to 79, found that 28.4% of respondents reported at least one void per night [2].
According to areview of pooled data from 43 studies, 11-35% of men aged 2040 years

A. M. Bergman (<)
Smith Institute for Urology, Greenlawn, NY, USA
e-mail: abergman6 @northwell.edu

J. P. Weiss
Department of Urology, SUNY Downstate Medical Center, Brooklyn, NY, USA

© Springer Nature Switzerland AG 2019 163
L. Cox, E. S. Rovner (eds.), Contemporary Pharmacotherapy of Overactive
Bladder, https://doi.org/10.1007/978-3-319-97265-7_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97265-7_10&domain=pdf
mailto:abergman6@northwell.edu

164 A. M. Bergman and J. P. Weiss

reported 1 or more voids per night, while 2—17% reported 2 or more voids per night.
20-44% of women aged 2040 years reported one or more episodes of nocturia, while
4-18% reported two episodes or more. Nocturia becomes more prevalent with age.
69-93% of men >70 years reported one or more voids per night, and 29-59% reported
two or more episodes of nocturia. Similarly, 74—77% of women >70 years reported one
or more nightly voids, and 28—-62% reported two or more nightly voids [3].

Evaluation

Numerous and varying risk factors for nocturia have been identified. The Finnish
National Nocturia and Overactive Bladder (FINNO) study, a survey study of 3744
randomly chosen men and women, identified multiple conditions and diseases asso-
ciated with nocturia. These included urinary urgency, benign prostatic hyperplasia,
snoring, obesity, prostate cancer, antidepressant use, diabetes, and coronary artery
disease. None of these correlates were present in >50% of nocturia cases in both
genders, emphasizing the multifactorial nature of nocturia [4].

A frequency-volume chart (FVC), or voiding diary (which adds subjective param-
eters to the FVC), should be employed to characterize and quantify the patient’s
nocturia symptoms. FVC is a log of a patient’s timing and volume of voids for a 24 h
period. The log must also include the time of retiring and arising. Total urine volume
(TUV) and nocturnal urine volume (NUV) should be calculated. Importantly, the
first morning void should be included in the NUV, because, though it is not followed
by sleep, it is urine produced while asleep. Maximum voided volume (MVV) is the
largest volume of urine passed during the 24 h period. If the NUV exceeds the MV,
then the nocturnal urine production has exceeded the bladder’s storage capacity. This
concept is summarized by the nocturia index (Ni), defined as NUV/MVV. If Ni > 1,
then the patient must awaken to void to prevent enuresis.

Nocturnal bladder capacity index (NBCi) can be used as evidence of diminished
nocturnal bladder capacity. NBCi is defined as the difference between the actual
number of nightly voids (ANV) and the predicted number of nightly voids (PNV),
i.e., NBCi = ANV-PNV. PNV=Ni-1. NBCi >0 indicates that the nightly voids are
occurring at volumes < MVV. Nocturnal polyuria index (NPi) is the proportion of
total urine volume produced during sleep time, i.e., NPi = NUV/TUV.

Nocturia can be classified into three categories with data derived from the
FVC. Global polyuria is an abnormally elevated total 24 h production where
TUV >40 ml/kg. Nocturnal polyuria is increased nocturnal urine production, with a
relative commensurate decrease in diurnal urine output, with an overall normal 24 h
urine production. Diminished bladder capacity is the inability for the bladder to
effectively store a normal volume of urine before voiding is triggered. The polyuric
states above are considered medical/renal in etiology, while diminished bladder
capacity is a pathologic state arising in the lower urinary tract itself. Differentiating
between these classes of nocturia is essential for management because they require
differing therapeutic interventions.
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Global Polyuria

Polyuria is defined as 24 h urine output >40 ml/kg. This results in daytime fre-
quency and nocturia due to urine production exceeding bladder capacity.
Underlying etiologies include diabetes mellitus/glycosuria, diabetes insipidus,
and primary polydipsia (due in turn to either behavioral issues or abnormal thirst
mechanism). In these cases, management should focus on treatment of the under-
lying condition rather than the nocturia itself. These disease states are outside the
scope of practice of most urologists and should be referred to appropriate
specialists.

Nocturnal Polyuria

The International Continence Society (ICS) standardization committee defines
nocturnal polyuria as NUV/TUV >33% [5], though alternative diagnostic cri-
teria have been proposed including nocturnal urine diuresis rate >90 ml/hr [6]
and NUV >6.8 ml/kg. The prevalence of nocturnal polyuria is significant,
though the exact prevalence depends upon the choice of definition. An exami-
nation of data collected from 1688 men from Krimpen, the Netherlands, found
44-51% of men aged 50-54 years and 54-65% of men aged 65-69 met criteria
for nocturnal polyuria when defined as >33% of 24 h urine output (NP33).
Only 14-19% of men aged 50-54 years and 23-26% of men aged 65-69 met
criteria when nocturnal polyuria was defined as nocturnal urine output >90 ml/
hr (NUP90) [7].

Among patients with nocturia, nocturnal polyuria is highly prevalent. 1412
subjects were screened for a phase III study investigating a pharmacologic treat-
ment for nocturia. Of the 934 patients with an average >2 voids per night
and complete FVC data, 819 (88%) had NP, defined as >33% of 24 h urine
volume [8].

Nocturnal polyuria can be caused by congestive heart failure, diabetes mellitus,
obstructive sleep apnea, peripheral edema, and excessive nighttime fluid intake. A
careful history and physical exam should be conducted, followed by diagnostic
workup as indicated, to identify and treat any of the conditions above before initiat-
ing further treatment directed at nocturia. Once these conditions have been ruled
out, the etiology of nocturnal polyuria may be ascribed to the nocturnal polyuria
syndrome, thought to be due to insufficient production of endogenous arginine
vasopressin during sleep [9].

Obstructive sleep apnea (OSA), or the sudden cessation of respiration due to
airway obstruction during sleep, can lead to nocturnal polyuria. The increased air-
way resistance causes a rise in right atrial transmural pressure; this in turn stimulates
a release of atrial natriuretic peptide (ANP). ANP triggers increase in urine sodium
and water excretion [10].
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Diminished Bladder Capacity

Common causes of decreased bladder capacity include bladder outlet obstruction
(BOO), neurogenic bladder, cystitis, genitourinary malignancy, or detrusor overac-
tivity. Treatment options for BOO include pharmacologic intervention with alpha-
blockers or 5-alpha reductase inhibitors, surgical procedures such as transurethral
resection of prostate, or simple prostatectomy. OAB treatment options include anti-
cholinergics, beta-agonists, or intradetrusor botulinum toxin injection. In the
absence of NP, traditional treatments for OAB or BOO may improve nocturia. These
interventions should not be expected to decrease nocturnal micturitions in the set-
ting of NP. Additional causes include learned voiding dysfunction, anxiety disor-
ders, urolithiasis, and medications.

Antimuscarinics

Mechanism of Action Urologists are familiar with antimuscarinics, as they are the
mainstay of treatment of overactive bladder (OAB). They are therefore often
employed in the treatment of nocturia; however, none of the currently approved
antimuscarinics are indicated for the treatment of nocturia. Antimuscarinics block
the stimulation of muscarinic receptors by acetylcholine. Traditionally, it was
thought that antimuscarinics block parasympathetic signals to the detrusor muscle,
thereby decreasing bladder contractility. However, more recent data suggests that
antimuscarinics improve overall OAB symptoms by decreasing urgency and slightly
increasing bladder capacity via an afferent effect, rather than by decreasing the
bladder contraction itself [11, 12].

Antimuscarinics are numerous and diverse compounds. They can be subcatego-
rized into tertiary and quaternary amines. The tertiary amines tend to have higher
lipophilicity and charge than the quaternary amines. These compounds are therefore
more readily absorbed by the gastrointestinal tract but are also more likely to cross
the blood-brain barrier. The tertiary amines include atropine, darifenacin, imidafe-
nacin, oxybutynin, propiverine, solifenacin, and tolterodine. The quaternary com-
pounds include trospium and propantheline. Antimuscarinics are metabolized by
the cytochrome P450 superfamily of hemoproteins. They are subject to drug inter-
actions with other compounds that are broken down by this system [13].

Efficacy of Antimuscarinics Critical consideration of the pathophysiology of noc-
turia casts doubt on the expected efficacy of antimuscarinics for this complaint.
Antimuscarinics are most effective at treating the urgency component of OAB, but
do not affect polyuria. As discussed above, NP is present in a majority of patients
with nocturia. When nocturnal urine production exceeds bladder capacity several
times over, simply decreasing the sensation of urgency should not be expected to
decrease nocturia. Antimuscarinics would only be expected to be effective in the
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subset of patients without significant NP, whose nocturia is associated with strong
urgency [14]. For example, Brubaker and Fitzgerald pooled data from four placebo-
controlled studies evaluating the effect of solifenacin on OAB patients and found
reduced nocturia episodes only in those patients without nocturnal polyuria [15].

Buser and colleagues examined the overall efficacy of antimuscarinics in the
treatment of nocturia. Their study pooled data of 38,682 men and women from 76
randomized controlled trials. A variety of antimuscarinics were employed across
these studies. Data regarding nocturia was available for 13,247 subjects. The rates
of reduction in number of nocturnal voids per 24 h period were corrected for pla-
cebo. The means for each medication’s reduction in voids above placebo ranged
from 0.04 to 0.24 voids per night. While all but the smallest differences were statis-
tically significant, even the more pronounced reduction, a quarter of one void per
night, is arguably not clinically significant [16]. Review of studies of individual
medications support this conclusion.

The VENUS (Vesicare Efficacy and safety in patieNts with Urgency Study)
examined the efficacy of solifenacin in the treatment of both continent and inconti-
nent patients with overactive bladder; a subgroup analysis presented data on the
effect of solifenacin on nocturia. 707 patients were randomized to either receive
solifenacin or placebo for 12 weeks. Compared to placebo, patients receiving solif-
enacin experienced a decrease in urgency episodes in both continent (—3.4 vs —2.3)
and incontinent (—4.2 vs —2.9) subjects. A significant decrease in nocturia episodes
was not demonstrated, however. Nocturia in the incontinent treatment group
decreased —0.6 compared to —0.5 in the incontinent placebo group. Nocturia epi-
sodes in the continent subjects decreased —0.7 compared to —0.4 in the placebo
group [17].

Similarly, from a randomized controlled trial evaluating solifenacin 5 mg and
10 mg in the treatment of overactive bladder, a subgroup analysis of 962 patients
with at least one nocturnal void was performed. After 12 weeks, hours of undis-
turbed sleep were increased by 59 min in the 5 mg group (p = 0.0196 vs placebo)
and 60 min in the 10 mg group (p = 0.0195), compared to 33 min for placebo.
However, the mean nocturnal micturitions only decreased —0.46 and — 0.42 with
solifenacin 5 mg and 10 mg, respectively [18].

Nitti and colleagues examined the effect of fesoterodine on 836 subjects with
OAB. Patients were randomized to receive either placebo, fesoterodine 4 mg daily,
or fesoterodine 8 mg. Number of urgency urinary incontinence episodes, mean
voided volume, and number of urgency episodes at 12 weeks of treatment were
compared to baseline, and a statistically significant decrease was seen when com-
pared to placebo (p < 0.05). However, the mean change in nocturnal micturitions in
the treatment arms was —0.58, compared to 0.39 in the placebo group (p = 0.42).
The differences were neither statistically nor clinically significant [19].

Similarly, a 12 week randomized placebo controlled trial evaluated 1590 patients
with OAB. Patients received either an escalating dose of fesoterodine from 4 mg to
8 mg (n=636), tolterodine ER 4 mg (n = 641), or placebo (n =313). Patients receiv-
ing either fesoterodine or tolterodine had reductions in episodes of urge urinary
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incontinence (p < 0.001 and p = 0.011), total number of voids in 24 h (p < 0.001)
and urgency episodes (p < 0.001) when compared with placebo. However, no
change in nocturia was seen. The baseline number of nocturnal voids in both of the
treatment arms was 2.2, compared to 2.3 in the placebo arm. Mean changes in num-
ber of nocturnal voids in the tolterodine arm were —0.6 (p = 0.506), —0.6 in the
fesoterodine arm (p = 0.327), and — 0.5 in the placebo arm [20].

A multicenter trial conducted at institutions from across Europe was conducted
to evaluate the efficacy of fesoterodine for the treatment of OAB. 1132 patients
were randomized to either receive placebo, tolterodine extended release 4 mg, fes-
oterodine 4 mg, or fesoterodine 8 mg for 12 weeks. A decrease in the mean number
of total voids in 24 h was demonstrated with tolterodine (—1.73, p = 0.001 vs pla-
cebo), fesoterodine 4 mg (—1.76, p < 0.001 vs placebo), and fesoterodine 8§ mg
(—1.88, p < 0.001 vs placebo). However, the reduction in nocturnal micturitions
with tolterodine (—0.40, p = 0.336 vs placebo), fesoterodine 4 mg (—0.39, p =0.394
vs placebo), and fesoterodine 8 mg (—0.39, p = 0.418 vs placebo) was neither statis-
tically nor clinically significant [21].

In a double-blind randomized trial with dose escalation, 883 patients with over-
active bladder received either fesoterodine or placebo. Number of voids, urgency
episodes, and episodes of incontinence were followed with surveys. Improvements
from baseline in diurnal and total 24 h number of voids and urgency episodes were
seen at week 12; no improvement was seen in the number of nocturnal voids or
nocturnal urgency episodes [22].

A 12-week double-blind study randomized patients with OAB and nocturia to
receive tolterodine 4 mg or placebo within 4 h of bedtime. Voiding episodes were
graded by subjects with an urgency rating of normal, OAB, or severe OAB. Voids
were documented with a 7 day voiding diary, and nocturia was reported as total
nocturnal voids per week. Tolterodine reduced urgency episodes and daytime fre-
quency but not nocturia. Mean change in nighttime micturition frequency per week
in the tolterodine group was —5.5 compared to —5.1 in the placebo group. A nuanced
difference can be seen when results were analyzed by urgency grading. The noctur-
nal episodes rated as “OAB” in the treatment group declined by 30% compared to
22% with placebo; nocturnal episodes rated as “severe OAB” in the treatment group
declined by 59% compared to 43% in the placebo group [23]. In other words, the
overall number of nighttime voids did not decrease, but urgency-associated noctur-
nal voids decreased. This further supports the supposition that antimuscarinics are
effective at treating the urgency-related nocturnal awakenings.

A 12-week randomized controlled trial examined the effect of trospium chloride
in OAB patients. 523 subjects were randomized to receive either trospium chloride
20 mg twice daily or placebo. Symptoms were documented with FVC at 1, 4, and
12 weeks. At 12 weeks, mean nocturnal micturitions decreased from a baseline of
2.1-1.63 in the trospium group compared to 1.71 from 2.0 in the placebo group
(p <0.05) [24].

Rudy and colleagues had similar results with a similar study. 658 OAB patients
at 52 clinical sites were randomized to either trospium 20 mg twice daily or placebo.
After 12 weeks, FVC data showed improvement in daytime urgency and frequency
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as well as increased volume per void. Again, a statistically significant improvement
in nocturia was demonstrated, with nocturnal micturitions in the treatment group
decreasing from 2.00 to 1.43 at 12 weeks (p = 0.0026), compared to 1.71 from 2.0 in
the placebo group [25].

To review, the data supporting the use of antimuscarinics in the treatment of
nocturia is largely taken from studies in which the primary endpoints are related to
OAB as a whole. Reduction in nocturia episodes are often secondary endpoints. The
changes in nocturia parameters are sometimes statistically significant, but not clini-
cally significant. Nocturia is usually not bothersome to patients if it does not exceed
two awakenings per night [26]. Patients with bothersome nocturia typically report
greater nocturia severity. Most of the studies in the OAB literature report mean
baseline nocturnal micturitions of around two. Hence, the substrate for improve-
ment in such studies is rather minimal to begin with. Further, reductions in noctur-
nal voids were not found to be greater than one void per night; clearly not an
improvement that would satisfy most patients.

Alpha-Blockers

Mechanism of Action Alpha-1 adrenergic receptor antagonists are first-line agents
in the treatment of LUTS in men. Alpha-1 adrenergic receptors are G protein-
coupled receptors, and their activation initiates the inositol triphosphate second
messenger signaling cascade. The predominant subtype in the prostate is the
Alpha-1A receptor, activation of which causes smooth muscle contraction. Blockade
of these receptors results in reduction of both bladder outlet tone and obstruction.
Alpha adrenergic receptor antagonists with more specificity to the alpha-1A recep-
tor have fewer effects outside the genitourinary tract, such as hypotension and vision
changes [27].

Efficacy of Alpha-Blockers Similar to antimuscarinics, alpha-blockers are familiar
to urologists and frequently used in the treatment of a common urologic condition, in
this case for benign prostatic enlargement/obstruction. Studies have shown statisti-
cally significant reductions in the number of episodes of nocturia. However, just like
the antimuscarinic trials discussed above, the studies showed reductions of <1 void
per night from baselines of 2—3 voids per night and substantially less when correcting
for the placebo effect; thus these findings are of questionable clinical utility.

Yoshimura et al. found tamsulosin to reduce nocturia episodes in a minority of
BPH patients with nocturia. 505 patients with BPH were enrolled in the study, and
359 of these men were identified as having nocturia with survey data. Of the men
with BPH and nocturia who were placed on tamsulosin 0.4 mg daily, 17.9% had a
reduction in nocturia episodes. This was compared to 32.2% of men with BPH and
nocturia who underwent transurethral resection of prostate. This was not a random-
ized study, and comparison to placebo was not performed [28].
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Tamsulosin oral-controlled absorption system (OCAS) was shown to reduce the
mean number of nighttime voids from 3.1 to 2, compared to 2.3 from 3 in the placebo
group. Change in the time to first void was not statistically significant [29, 30]. A
decrease in the first period of uninterrupted sleep has a significant detrimental impact on
subjective sleep quality assessment and daytime function [31]. Therefore, increasing the
interval before the first nocturnal void is an important goal of nocturia treatment.

In a secondary analysis of the Department of Veterans Affairs Cooperative Study,
Johnson et al. examined the effects of BPH medications on nocturia. The study
randomized 1229 men aged 45-80 years with BPH to receive either terazosin, fin-
asteride, a combination of both medications, or placebo. Terazosin was given at an
increasing dose from 1 mg on days 1-3, 2 mg on days 47, 5 mg on days 8-14, and
10 mg from day 15 through the end of the study. Finasteride 5 mg daily was given.
At 12 months, the terazosin group reported a mean of 1.8 nocturia episodes per
night, from a baseline of 2.5 episodes. This compares to a mean of 2.1 from 2.5, 2.0
from 2.4, and 2.1 from 2.4 in the finasteride, combination, and placebo groups,
respectively. Of patients with two or more voids per night, a 50% reduction in noc-
turia episodes was found in 39%, 25%, 32%, and 22% of the terazosin, finasteride,
combination, and placebo groups, respectively [32].

In a secondary analysis of the Medical Therapy of Prostatic Symptoms (MTOPS)
trial, Johnson and colleagues evaluated the effects of doxazosin 8 mg daily, finaste-
ride 5 mg daily, and combination therapy in the 2583 participants who reported 1 or
more voids per night. Baseline mean number of nocturia episodes were 2.3, 2.4, 2.3,
and 2.3 in the doxazosin, finasteride, combination, and placebo groups, respectively.
At 1 year, mean nocturnal voids was reduced 0.54, 0.40, 0.58, and 0.35 in doxazo-
sin, finasteride, combination, and placebo; reductions from baseline were 0.53,
0.42, 0.55, and 0.38 at 4 years. The decreases in the doxazosin and combination
groups were statistically significant (p < 0.05) [33].

Roehrborn and colleagues performed a pooled analysis of three randomized
placebo-controlled trials examining the efficacy of alfuzosin on BPH symptoms.
Data from 954 men with BPH were included. At 12 weeks, men in the treatment arm
averaged 2.6 voids per night from 3.4, compared to 2.5 from 3.6 in those men
receiving placebo (p = 0.04) [34].

A randomized controlled trial compared silodosin to tamsulosin and placebo.
After 12 weeks of either active drug or placebo, the reduction in mean nocturia
episodes was —0.9, —0.8, and — 0.7 for silodosin, tamsulosin, and placebo, respec-
tively. The reduction in the silodosin group was statistically significant (p = 0.013)
compared to placebo, but this was not found for the tamsulosin group [35].

Beta-Adrenoreceptor Agonist

Mechanism of Action All three subtypes of beta-adrenoreceptors are found in the
detrusor muscle [10]. Beta-3 adrenoreceptor agonists increase bladder capacity and
promote bladder relaxation [36]. Mirabegron is currently the only selective beta-3
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adrenoreceptor agonist commercially available in the United States. It is widely
used for OAB in patients who do not respond to or cannot tolerate the side effects
associated with anticholinergics.

Efficacy of Mirabegron. Nitti and colleagues conducted a randomized con-
trolled trial to evaluate the therapeutic effects of mirabegron on OAB patients.
Patients were randomized to either mirabegron 50 or 100 mg or placebo. At 12
weeks, the reductions in mean nocturnal micturitions were — 0.38 from 1.9, —0.57
from 1.9, and — 0.57 from 2.0 in the placebo, the 50 mg, and 100 mg groups,
respectively [37].

Mirabegron is not currently indicated for the treatment of nocturia.

Botulinum Toxin

Mechanism of Action Botulinum toxin is a potent neurotoxin produced by the
anaerobic bacteria Clostridium botulinum. The toxin binds to presynaptic cholin-
ergic nerve terminals, is taken up into the cell, and ultimately results in irrevers-
ible inhibition of acetylcholine release [38]. Parasympathetic cholinergic nerves
play an integral role in stimulating detrusor contraction; their blockade results in
decreased contractility or even acontractile bladder. Botulinum toxin is also
thought to block the transduction of bladder afferent nerve signaling, reducing
sensory symptoms. There are multiple commercially available formulations of
botulinum toxin, but onabotulinumtoxinA is the most studied and utilized intrade-
trusor injection therapy [10].

OnabotulinumtoxinA has been shown to have a statistically significant, if mod-
est, effect on nocturia. In a study of the efficacy of onabotulinumtoxinA intradetru-
sor injection therapy, 557 patients with overactive bladder and urgency incontinence
were randomized to either 100 U of active drug or placebo injected into the detrusor
muscle. At 12 weeks, patients who received onabotulinumtoxinA experienced a
decrease in nocturia episodes of —0.45 compared to a reduction of —0.24 in the
placebo group (p < 0.05). These changes were from baselines of 2.2 and 2.0 voids
per night in the treatment arm and the placebo arm, respectively [39]. Another study
of nearly identical design found onabotulinumtoxinA reduced mean nocturia by
0.54 episodes from 2.2, compared to 0.25 from 2.1 [40].

Desmopressin

Mechanism of action Desmopressin is a vasopressin/antidiuretic hormone ana-
logue, which functions as a selective V2-receptor agonist. Water permeability is
increased at the renal tubule, enhancing renal water reabsorption; urine concentra-
tion is increased, and urine volume is thereby decreased. Stimulation of V2-receptors
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in the basolateral membrane of the renal tubular cell activates a cascade of second
messenger-mediated events resulting in vesicles that contain aquaporin 2 (AQP2)
fusing with the luminal plasma membrane of the collecting tubule. AQP2 allows
water to enter the cell. Passive resorption of water along osmotic gradients by other
water channels subsequently leads to water retention [41]. Desmopressin lacks the
unwanted pressor or uterotonic activities of vasopressin which occur at V1-receptors
primarily [42]. In addition, V2-receptor activation increases urea permeability in the
medullary collecting duct, increasing urea deposition in the renal medulla and facil-
itating increased urine concentration through enhancement of the renal countercur-
rent mechanism [44].

Efficacy of Desmopressin Desmopressin is recommended for treatment of noctu-
ria by the International Consultation on Incontinence and the European Association
of Urology [44, 45]. Desmopressin is available in various countries around the
world in one or more forms such as a tablet, melt, or intranasal formulation. It has
been available in a tablet form in the USA for many years but does not carry the
indication for the treatment of nocturia in this form. Recently, two new formulations
of DDAVP have become available.

A large-scale double-blind randomized controlled trial investigated the role of
desmopressin orally disintegrating tablet (“melt”) in the treatment of nocturia.
Desmopressin melt has the advantage of not requiring water ingestion with dosing;
bioavailability is approximately 50% greater with melt than with oral tablet. Hence,
50 mcg of melt would provide the bioequivalence of 75 mcg desmopressin tablet.
1412 men and women were screened, at 78 sites in the USA and Canada, for 2 or
more voids per night. 799 subjects were enrolled and randomized to receive placebo
or desmopressin at 10, 25, 50, or 100 pg. Mean baseline number of voids was 3.27,
3.21, 3.35, 3.39, and 3.22. Statistically significant reduction from baseline in night-
time voids was seen with 50 and 100 pg, with change of —1.18 and — 1.43 (p < 0.05).
Increase in initial period of undisturbed sleep from baseline was 51, 83, 85, and
107 min in the 10 pg, 25 pg, 50 pg, and 100 pg groups, respectively, compared to
39 min for the placebo group [46].

The Noctupus trials were a series of studies conducted to evaluate the effects of
the desmopressin tablet on nocturia. Three short-term, double-blind, randomized
placebo-controlled studies examined the effect of desmopressin on nocturia in men
and women with >2 voids per night. Subjects with disorders causing polyuria which
necessitate condition-specific treatments, such as polydipsia, diabetes insipidus, or
multiple sclerosis, were excluded from the study. Of 1003 subjects screened for all
3 studies, 641 had NP and complete FVC data. NP was defined as nocturnal urine
volume, including first morning void, exceeding 33% of 24 h urine production. At
3 weeks, 33% of men and 46% of women in the treatment arms demonstrated a
reduction in mean number of nocturia episodes by >50% [47-50].

Patients in the treatment arm of the above studies were enrolled in a long-term
open-label trial. Eighty-eight percent of original subjects participated. They were
followed for 10 or 12 months. The men had an initial baseline mean of 3.1 voids per
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night, and the baseline among the women was 2.9. In subjects receiving treatment
for 10 months, the nocturnal voids were reduced to 1.6 in men and 1.3 in women. In
the 12 month group, nocturia was reduced to 1.3 in men and 1.2 in women. The
percentage of patients experiencing >50% reduction in nighttime voids was 67% in
both men and women by the end of the study [51]. Desmopressin nasal spray
(Noctiva®) was approved for use in nocturia by the FDA in March 2018. The nasal
spray formulation was studied in two randomized placebo controlled trials. A com-
bined analysis of the two studies examined data from a total of 1333 men and
women who were randomized to receive intranasal desmopressin at 1.66 mcg, 0.83
mcg, or placebo for 12 weeks. At the end of this period, mean number of voids per
night decreased by 1.4 episodes with 0.83 mcg (p < 0.0001) and 1.5 with 1.66 mcg
(» <0.0001) compared to a decrease of 1.2 episodes with placebo. Hyponatremia,
defined as serum sodium <125 mmol/L or <130 mmol/L with symptoms, was 1.1%,
0%, and 0.2% in the 1.66 mcg, 0.83 mcg, and placebo groups, respectively [52]. The
FDA-approved Noctiva is for patients younger than 65 years of age who are not at
increased risk for hyponatremia. It is recommended to start at 1 spray of Noctiva
0.83 mcg approximately 30 min before bed. The dose can be titrated up to 1.66 mcg
at bedtime after 7 days with serum sodium monitoring.

Desmopressin promotes retention of free water to reduce urine production. This
thereby risks hyponatremia in patients who take in excess water during circulation
of active drug [42]. The US and Canada study found this risk was significantly
higher in patients >65 years of age. In patients <65, serum sodium levels of less than
134 mmol/L were detected in 15%, 22%, and 24% in the 25 pg, 50 pg, and 100 pg
groups. This is compared to the higher rates of 28%, 46%, and 51% for subjects
>65. In patients <65 years, serum sodium <125 mmol/L was seen in 2.4% and 0
subjects receiving 50 pg and 100 pg, respectively. In patients >65 years, rates of
2.6% and 4.7% were seen. Serum sodium of <125 mmol/L were not seen in any
patients receiving 10 pg or 25 pg [42]. The Noctupus study found similar results and
the authors recommended against desmopressin tablet administration to patients
>65. Other factors associated with hyponatremia were higher 24 h urine volumes,
low baseline serum sodium levels, lower creatinine clearance, female gender, and
smaller body size [42, 43]. Adverse events reported as related to treatment with
desmopressin have included symptoms of dizziness, cardiac failure, headache,
vomiting, chest pain, hypertension, vertigo, and nausea [53]. Patients receiving des-
mopressin should have normal baseline serum sodium and have their sodium
checked at 1 week, 1 month, and 3 months after initiation or dose increment.
Subsequent sodium testing should be done on an individualized basis.

Conclusion

Nocturia is a common and bothersome complaint; the underlying causes are myriad
and diverse. A systematic approach must be used to identify underlying medical
conditions. Nocturia should be classified with a FVC. In the absence of NP,
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medications for BPH or OAB may be employed. NP is highly prevalent among
patients with nocturia; antidiuretic therapy should be considered when measures to
address serious underlying etiologic conditions are ineffective. Hyponatremia is a
concern with desmopressin, and patients >65 years are at greatest risk.
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Intravesical Chemodenervation and Toxins
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ACh Acetylcholine

AUA American Urological Association
BDNF Brain-derived neurotrophic factor
BoNT Botulinum neurotoxin

BoNT-A  Botulinum neurotoxin type A
BoNT-B Botulinum neurotoxin type B

CIC Clean intermittent catheterization
DO Detrusor overactivity

DRG Dorsal root ganglia

MCC Maximum cystometric capacity
MDP Maximal detrusor voiding pressure
NDO Neurogenic detrusor overactivity
NGF Nerve growth factor

OAB Overactive bladder

PVR Post-voiding residual volume
QoL Quality of life

RCT Randomized controlled trial
RTX Resiniferatoxin

SNAP-25  Synaptosomal-associated protein 25
SNARE Soluble N-ethylmaleimide-sensitive fusion attachment
receptor
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TRPV1 Transient receptor potential vanilloid 1
U Unit/units

UTI Urinary tract infection

UUI Urgency urinary incontinence
Introduction

Initial treatment options for OAB include behavioral modification and oral therapies
(antimuscarinics and/or P3-agonist). Patients that continue to be symptomatic
despite oral pharmacologic management, or who are unable to tolerate drug side
effects, may benefit from further treatment with intravesical therapy. In contrast to
oral therapies, intravesical therapy offers the ability to administer high concentra-
tions of agents directly into bladder tissue and also utilize agents that may be inap-
propriate for systemic administration. There are currently two main types of
injectable intravesical agents: botulinum neurotoxin (BoNT) and vanilloid com-
pounds. Chemodenervation with BoNT is recommended as a third-line option for
the treatment of OAB in refractory patients [1]. Intravesical injection of vanilloid
compounds (capsaicin and resiniferatoxin [RTX]) is also an option for treatment but
less readily utilized due to their lack of FDA approval for this indication and docu-
mented efficacy and safety. The aim of this chapter is to describe the clinical appli-
cations of these intravesical agents for OAB and discuss their mechanism of actions,
outcomes, and safety.

Botulinum Toxin

Mechanism of Action

BoNT is a neurotoxin formed by the gram-positive, anaerobic spore-forming bacte-
ria Clostridium botulinum and is responsible for human botulism. Molecularly, it is
a polypeptide consisting of a heavy and light chain joined by a disulfide bond. Eight
exotoxin serotypes have been described (A, B, C1, C2, D, E, F, G) with varying
amino acid sequences [2]. Initially BoNT was only thought to work on efferent
pathways by blocking the release of the neurotransmitter acetylcholine (ACh) at the
neuromuscular junction, ultimately resulting in muscle paralysis; however, addi-
tional research in both urology and other subspecialties has found that the mecha-
nism of action is more complex with involvement of afferent pathways as well [3].

In the classic efferent pathway, the BoNT heavy chain binds to synaptic vesicle
protein 2 (SV2) on the presynaptic cholinergic neuron [4]. In humans SV2 isoforms
can be found on a variety of nerves (parasympathetic, sympathetic, and sensory)
throughout all layers of the bladder, with OAB patients demonstrating overexpression
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of these receptors in the detrusor [3, 5, 6]. After binding to the external surface of
the nerve, the toxin is internalized by endocytosis, and the disulfide bond breaks.
The free light chain then cleaves its molecular target, synaptosomal-associated pro-
tein 25 (SNAP-25). Normally SNAP-25 interacts with synaptobrevin and syntaxin
to form the SNARE (soluble N-ethylmaleimide-sensitive fusion attachment protein
receptor) complex, which is necessary for vesicular release of neurotransmitter at
the nerve terminal. By cleaving SNAP-25, BoNT deactivates the SNARE complex
and prevents release of neurotransmitters (including ACh) into the neuromuscular
junction, thus preventing muscle contraction [3]. SNAP-25, or similar isoforms, has
been located throughout the detrusor, suburothelium, and urothelium in both animal
and human studies [3, 5]. While some studies have demonstrated the presence of
cleaved SNAP-25 products after injection of BoNT, the finding of these proteins
does not necessarily correlate with efficacy suggesting that other factors beyond
modulation of the efferent pathway contribute to patient results [7, 8].

BoNT has additionally been shown to have afferent desensitization effects both
at the level of the bladder and centrally. Intravesical administration of BoNT inhib-
its ATP release, which conveys information about filling and irritation via purinergic
receptors; reduces suburothelial transient receptor potential vanilloid 1 (TRPV1),
which is involved in mechanical sensation and pain; and reduces purinergic receptor
subtype P2X3, which correlates with urgency [5, 9]. BoNT effects also extend cen-
trally. After intravesical administration, BONT can be directly isolated from the dor-
sal root ganglia (DRG) suggesting retrograde transport to the central nervous
system. Intravesical BoNT is associated with downregulation of TRPV1 and P2X3
from the DRG via bladder nerve growth factor (NGF) and reductions in neuropep-
tides and neurotransmitters (such as substance P, calcitonin gene-related peptide,
and nNOS) in bladder-projecting neurons in the DRG. Extending even more cen-
trally, intravesical Botox has been associated with reductions in c-fos expressing
cell counts in L6-S1 spinal cord segments and reduction in brain-derived neuro-
trophic factor (BDNF) [3, 10].

The toxin requires 24—72 h to take initial effect with 90% of parasympathetic and
50% of sympathetic fibers being affected at 1 week. While prior studies have found
that function returns by formation of new nerve terminals in skeletal muscle, this
does not appear to be the case in the bladder. It is unclear how the effect of BONT
dissipates, as the duration of effect is significantly shorter in movement disorders
compared to autonomic dysfunction [2, 3, 11, 12].

Commercial Formulations and Dosing Considerations

Of the eight BoNT serotypes available, only types A (BoNT-A) and B (BoNT-B)
have been used clinically. There are three commercially available formulations
of BoNT-A: onabotulinumtoxinA (Botox®, Allergan, Irvine, CA, USA), abob-
otulinumtoxinA (Dysport®, Ipsen Limited, Paris, France), and incobotulinum-
toxinA (Xeomin®, Merz Pharmaceuticals, Frankfurt, Germany). Only
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onaBoNT-A has been extensively studied and has FDA approval to treat OAB
[13]. The dose, efficacy, and safety profiles across the three different compounds
are not the same, and formal comparator studies between the different formula-
tions have not been done. In general incoBoNT-A has a conversion of 1:1 with
onaBoNT-A in other medical specialties, but there is only one study demonstrat-
ing its use in the bladder in the neurogenic detrusor overactivity (NDO) popula-
tion [14, 15]. A conversion rate of 1:2 or 1:3 is recommended for onaBoNT-A to
aboBoNT-A. While the efficacy between aboBoNT-A and onaBoNT-A is similar,
aboBoNT-A is associated with almost double the rate of symptomatic retention
requiring initiation of clean intermittent catheterization (CIC) (23% onaBoNT-A
vs. 42% aboBoNT-A) [16, 17]. Of note, aboBoNT-A has been used for ona-
BoNT-A failure in NDO prior to proceeding with more invasive surgical mea-
sures, and this could be extrapolated for use in the OAB population. At this point
it is unclear why aboBoNT-A may be efficacious in the face of onaBoNT-A fail-
ure, but proposed mechanisms include differences in diffusion patterns, immuno-
genicity, or dose equivalences [18]. For completeness sake, a conversion rate of
4:1 is recommended for aboBoNT-A to incoBoNT-A; however, this study was
not performed in urologic patients [19].

There is one commercially available formulation of BoNT-B: rimabotulinum-
toxinB (Neurobloc/Myobloc®, Solstice Neurosciences Inc., San Francisco, CA,
USA) (Table 11.1). The literature on BONT-B in the bladder is limited with most
studies focusing on its use for bladder dysfunction refractory to BoNT-A [20, 21].
Only one small, randomized controlled trial (RCT) has been performed that dem-
onstrated significant differences in voided volumes, weekly frequency, and weekly
incontinence compared to placebo [22]. There are no studies directly comparing
BoNT-A to BoNT-B in urology, but in other medical specialties, BONT-B has
shorter onset of effect, shorter duration of effect, and more immunogenicity and
causes more pain than BoNT-A, making it a potentially less desirable drug [12,
16, 22] (see Table 11.1).

Table 11.1 Commercial formulations and dosing considerations

Proposed

Trade Vial dose | conversion to
name Drug name Serotype | Manufacturer | (units) onabotulinumtoxinA
Botox® OnabotulinumtoxinA | A Allergan 50 -

100

200
Dysport® | AbobotulinumtoxinA | A Ipsen 300 1:2-1:3

500
Xeomin® | IncobotulinumtoxinA | A Merz 50 1:1

100
Myobloc® | RimabotulinumtoxinB | B Solstice 2500 NA

5000

10,000
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Treatment for Overactive Bladder

Indications

The use of BoNT injection in the lower urinary tract was first studied by Dykstra
et al. in 1988 for the treatment of detrusor external sphincter dyssynergia (DESD)
in spinal cord injury (SCI) patients [23]. Following this, the number of investiga-
tions regarding urologic applications of BoNT increased dramatically. BONT was
utilized off-label in the bladder for many years prior to its FDA approval for NDO
in 2011 and OAB in 2013. Given that onaBoNT-A is the only approved formulation
of BoNT for intravesical use, the remainder of this chapter will focus on its out-
comes and administration unless otherwise specified.

The American Urogynecologic Society and American College of Obstetricians and
Gynecologists guidelines recommend BoNT-A as an alternative to oral pharmacother-
apy for second-line therapy in patients refractory to behavioral management on the
basis of the Anticholinergic versus OnabotulinumtoxinA Comparison (ABC) study
[24, 25]. Conversely, the American Urological Association (AUA) and European
Association of Urology (EAU) guidelines recommend intravesical BoONT-A as a third-
line option to treat OAB in patients refractory to behavioral management and oral
pharmacotherapy. Alternative third-line therapies include sacral neuromodulation or
percutaneous tibial nerve stimulation. Third-line therapies can be offered to patients in
any order, and patients who fail to respond to one third-line therapy may be offered
alternative third-line therapies prior to proceeding with more invasive treatment [1, 26].

Outcomes

After several trials in the early 2000s demonstrated the effectiveness of onaBoNT-A
in the NDO population, researchers began extrapolating these findings to the OAB
population. Initial prospective cohort studies reported promising findings in regard
to patient symptoms, urodynamic findings, and quality of life measures [27, 28].

Early, small randomized controlled trials (RCT) in the OAB population com-
pared intradetrusor trigone-sparing injections of either 200 U or 300 U onaBoNT-A
to placebo and also found statistically significant differences from baseline in fre-
quency (—1.3 to —6.19 vs. —0.8 to —1.14), urgency incontinence (—3.50 to —4.5 vs.
+0.7 to —0.71), urodynamic findings (maximum cystometric capacity (MCC) 82.06
vs. —29.89), symptom scores (Urinary Distress Index-6 (UDI-6) —5.63 to —18.6 vs.
+0.5 to +3.1), and quality of life measures (Incontinence Impact Questionnaire-7
(1Q-7) —10.38 to —39.5 vs. 0 to +0.61). Unfortunately these studies also found
concerning enough rates of urinary tract infection (UTI) (13-44% vs. 0-28%) and
the need for clean intermittent catheterization (CIC) (6.7-43% vs. 0%) in the ona-
BoNT-A arms that one of these trials was put on a clinical hold after only 4 weeks
[29-31] (Table 11.2 [29-41]).
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Given the adverse effect rates, the next wave of RCTs focused on dose finding.
Two studies compared active doses of either 100 U vs. 150 U or 100 U vs. 200 U
and again found significant differences in symptoms, patient-reported outcomes,
and urodynamic findings when compared to baseline but no significant differences
between groups, suggesting equivalent efficacy. One of these studies reported dou-
ble the rate of CIC with a higher dose of 200 U, but rates of UTI were similar across
all groups [32, 36]. Two larger Phase II dose-finding studies compared various
doses of onaBoNT-A ranging from 50 U to 300 U to placebo and found a clear dose-
response pattern with minimal additional clinical benefit at doses greater than
150 U, sustained clinical efficacy, improved urodynamic findings, and improved
patient-reported symptoms beginning at a dose of 100 U. Post-void residual was
also found to have a dose-dependent response with the highest rate and longest
duration of CIC in the 200 U group [33, 34, 37].

As 100 U appeared to be the optimal dose that allowed for adequate efficacy
while minimizing adverse outcomes, the last wave of RCTs focused on 100 U vs.
placebo. Compared to placebo, these trials found statistically significant differences
from baseline in frequency (—2.15 to —2.7 vs. +0.5 to —0.91), urinary incontinence
(=2.65 to —4.1 vs. +0.4 to —0.87), urodynamic findings (MCC +64.1 mL vs.
—97.5 mL), symptom scores (UDI-6 —28.5 vs. —11.1), and quality of life measures
(IIQ-7 -34.7 vs. —3.8). While rates of UTI and CIC continued to be higher in treat-
ment groups compared to placebo, they were less than in prior studies comparing
200 U to placebo (UTI, placebo 5.2-22%, 100 U 15.5-20.4%, 200 U 44%; CIC,
placebo 0.4-0.7%, 100 U 5.4-6.9%, 200 U 37.5-43%) [29, 30, 39-41]. The large,
Phase III, multicenter, randomized, placebo-controlled, double-blind trials by Nitti
and Chapple are the basis for the FDA approval of 100 U onaBoNT-A for OAB.

A recent meta-analysis and systematic review of the literature included 11 trials
consisting of 2149 patients for comparison and found that compared to placebo at
12 weeks, patients receiving 100 U onaBoNT-A injections had 0.56 less episodes of
micturition, 1.26 less episodes of urgency, 0.8 less episodes of urinary incontinence,
a relative risk of 11.49 of urinary retention (defined as PVR >200 mL), and a rela-
tive risk of 2.73 of UTI [42].

Long-Term Follow-Up

Although onaBoNT-A has been utilized for OAB for over 10 years, there is little
published data on long-term outcomes with the majority of papers reporting follow-
up between 1.1 and 3.2 years on a small numbers of patients (approximately 100 or
less) receiving a range of onaBoNT-A doses (100-300 U) and a variety of repeat
injections (2—10) [43].

The largest body of evidence comes from an extension of the Phase III trial that
followed 829 patients for a median of 3.2 years with 52% of patients completing the
3.5-year trial [44]. Over the course of six injections, they found sustained improve-
ments in clinical symptoms and patient-reported outcomes with mean reduction in
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frequency — 2.6 to —2.9, mean reduction in urgency —3.8 to —4.2, mean reduction
in Ul episodes per day —3.1 to —3.8, and high patient satisfaction ranging from 74%
to 82.1% on a Treatment Benefit Scale (TBS). The rate of discontinuation due to
lack of efficacy was 5.7%, which is low in comparison to anticholinergic trials
where 13.5% of patients discontinued the drug due to persistent OAB symptoms
[45]. The mean duration of effect was 7.6 months with 34.2% of patients requesting
retreatment prior to 6 months, 37.2% of patients requesting retreatment from 6 to
12 months, and 28.5% of patients requesting retreatment after 12 months. The dura-
tion of effectiveness remained stable or increased over time. The rates of UTI and
de novo CIC declined over the course of the injections from 17% to 14.4% and from
4% to 0.8%, respectively. Only 0.5% of patients discontinued therapy due to
treatment-related adverse effects.

The longest published follow-up reported on 128 women with OAB who received
200 U onaBoNT-A was followed for at least 5 years with a mean follow-up of
8.1 years [46]. At the completion of the study, only 30% of patients were still using
onaBoNT-A injections to manage their OAB symptoms. The vast majority of
patients in the trial received only one injection (47%) prior to discontinuation, with
19% receiving two injections, 7% receiving three injections, 11% receiving four
injections, 7% receiving five injections, and 9% receiving more than five injections.
They found significantly higher discontinuation rates due to lack of efficacy (27%
vs. 5.7%) or treatment-related adverse effects (43% vs. 0.5%) than the Phase III
extension trial. Of note, the rates of de novo CIC were quite high, with 23% of
patients performing CIC after the first injection, likely due to the higher onaBoNT-
A dose and protocol requirement of CIC for any PVR >150 mL regardless of symp-
toms. This particular adverse effect likely contributed to the high discontinuation
rate of 67% after the first injection.

Neutralizing Antibodies

One concern about repeated injections of onaBoNT-A is the development of neu-
tralizing serum antibodies leading to treatment failure. Prior to 1998 a more anti-
genic version of onaBoNT-A was utilized which did result in a significant proportion
of patients (9.5%) developing antibodies after undergoing treatment for cervical
dystonia. The version of onaBoNT-A currently on the market has a lower protein
load and is significantly less antigenic with no patients developing antibodies after
injection [47]. When looking at the small amount of literature regarding serum anti-
bodies after injection of the newer version of onaBoNT-A, positive titers developed
in 6-16% of patients, and borderline-positive titers developed in 16-29% of patients.
Of those with positive titers, 75—-100% experience lack of efficacy, while 20-75% of
those with borderline titers experienced lack of efficacy. There was no correlation
with number of prior injections, total lifetime dose of onaBoNT-A injected, or inter-
val since last injection [48, 49]. While the presence of neutralizing antibodies is one
possible explanation for treatment failure, other factors must also be considered
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including errors in drug storage or preparation, improper injection technique, or
disease evolution. If indeed formation of neutralizing antibodies seems to be the
cause of treatment failure, one can consider a “drug holiday” for 6-12 months or
switching to BoNT-B formulation [20, 21, 48].

Predictors of Success and Adverse Events

Several studies have attempted to determine predictors of success and adverse
events for onaBoNT-A treatment (Table 11.3). On multivariate linear regression,
female gender (coefficient (CE) 0.76) and presence of urgency incontinence (CE
0.79) were significantly associated with “successful onaBoNT-A treatment,”
which was defined as a moderately positive response on the Global Response
Assessment (Hsiao 2016). Secondary analyses of the ROSETTA trial data found
that women with lower baseline BMI, higher health-related QoL survey scores,
and lower functional comorbidity index had greater reduction in mean daily
incontinence episodes and that women less than 65 years old had a 3.3 greater
odds of attaining greater than 75% reduction in incontinence episodes [50, 51]. At
this point it is still unclear how the degree of OAB severity factors into success
rates as both lower symptom scores and more baseline incontinence episodes have
both been found to be predictors of success on multivariate analyses [50, 52]. In
men, overall lower success rates (defined as continued onaBoNT-A therapy) have
been reported compared to female-only populations (21% vs. 30%) with higher
discontinuation rates due to lack of efficacy (44% vs. 27%). Men who suffered
from post-prostate cancer therapy (prostatectomy +/— radiation) had higher suc-
cess rates (29%) compared to men with idiopathic OAB (21%) or

Table 11.3 Predictors of success and adverse outcomes

Predictors of success

Female gender

Urge incontinence

Lower BMI

Higher health-related QoL survey
Lower functional comorbidity index

Predictors of adverse outcomes

Elevated PVR/urinary retention Urinary tract infection

Male gender Female gender

Older age (>61-76 years) Younger age (<60 years)

Frailty Elevated baseline PVR (>100mL)
Vaginal parity >3

Elevated baseline PVR (>100mL)

Elevated preoperative bladder capacity (>400mL)
Poor baseline voiding efficiency (<86%)

Low daytime frequency (<25 voids in 3 days)

BMI body mass index, QoL quality of life, PVR post-voiding residual volume
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post-transurethral resection of the prostate (11%) [53], whereas, compared to
women with idiopathic OAB, women with prior midurethral sling placement and
de novo OAB have similar success rates after injection of onaBoNT-A (42% idio-
pathic vs. 39% de novo dry at 3 months) [54]. While 1 small retrospective study
of 85 subjects found that patients who failed anticholinergic therapy due to intol-
erability rather than lack of efficacy had more successful subsequent onaBoNT-A
therapy (86%vs. 60%, p = 0.02), another pre-specified pooled analysis of the 2
Phase III RCTs comprised on 1105 patients found that efficacy of onaBoNT-A did
not depend on the reason for prior anticholinergic failure. Both of these studies
found that the total number of prior anticholinergics tried did not determine the
rate of onaBoNT-A success [55, 56]. Finally, as with other therapeutic options for
OAB, the baseline presence or absence of detrusor overactivity (DO) on urody-
namic studies (UDS) does not affect onaBoNT-A efficacy, likely because not all
patients with OAB demonstrate DO on UDS and because there is a considerable
sensory aspect of OAB that does not necessarily correlate with motor response
[34, 57]. Interestingly, while onaBoNT-A has been shown to reduce levels of
CGRP and NGF, higher levels of these compounds at baseline are associated with
less reduction in patient-reported bother [58].

Given the risk of retention with onaBoNT-A, a number of studies have sought
to determine either patient-related factors or urodynamic factors which correlate
with elevated PVR or need to perform CIC. One study has reported male gender
as a predictor of urinary retention (14% vs. 2% P = 0.001) but not PVR >150 mL
(49% vs. 45%, p = 0.358), while another found that in a heterogeneous population
of men, the de novo CIC rate was only 5%, which is consistent with prior reported
rates [53, 59]. Age has been found by multiple studies to be associated with
increased PVR +/— urinary retention with increased risk associated over the ages
of 61-75 depending on the study [59, 60]. However, another study found that
compared to healthy elderly (age >65 years) patients, those with frailty (defined
as at least 3 of the following: unintentional weight loss, self-reported exhaustion,
weakness, slow walking speed, or low physical activity) were more likely to
develop both elevated PVR and urinary retention (61% vs. 40%, p = 0.018 and
12% vs. 6%, p = 0.2) as well as take longer to recover normal voiding if retention
did occur (3.5 months vs. 1 month in healthy elderly and 0.5 month in patients
less than 65 years) [61]. These findings suggest that frailty may be a more impor-
tant predictor of adverse outcomes than actual age. While diabetes has been impli-
cated in one study as a predictor of elevated PVR >150 mL (60% vs. 33%,
p =0.007), this and other comorbidities have not borne out on multivariate analy-
sis [60, 62, 63]. Despite excluding pelvic organ prolapse greater than stage 1, 1
study of 208 women found that 3 or more vaginal deliveries (but not cesarean
section) were associated with PVR >200 mL or need to CIC. The authors sur-
mised this might be due to pelvic floor or nerve damage associated with the deliv-
eries and subsequent voiding dysfunction [60].

Not surprisingly, elevated preoperative PVR (greater than 100 mL) was found on
multivariate logistic regression to be associated with urinary retention after the first
trial of onaBoNT-A (OR 1.39), and urinary retention after the first injection of
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onaBoNT-A was associated with urinary retention after subsequent injections (odds
ratio (OR) 30.2) [52]. While elevated preoperative bladder capacity (greater than
400 mL) and low daytime frequency (less than 25 voids in 3 days) have been found
to be associated with urinary retention, a more accurate description of the problem
involves poor voiding efficiency (calculated as the percentage of voided volume of
the total bladder capacity) which predicts PVR greater than 150 mL at 3 months
after treatment (OR 0.9) [64, 65]. The sensitivity and specificity of voiding effi-
ciency as a diagnostic test for elevated PVR post-onaBoNT-A are 63.8% and 57.1%,
respectively, with an ideal value greater than 87% [52]. Finally in regard to UTI,
female gender, younger age, and elevated baseline PVR are all associated with
increased incidence of UTI (female 22% vs. 9% p = 0.002, age <60 22%, 61-75
15%, >76 10%, p = 0.03, PVR <100 10%, PVR >100 35%, p = 0.03) [63].

Comparison to Alternative Therapies

A double-blind, placebo-controlled randomized trial (ABC trial) comparing 241
women with OAB to either 100 U onaBoNT-A or anticholinergic therapy found
similar reductions in urinary incontinence episodes per day (—1.6 vs. —1.7,
p =0.81), symptom scores, and improvements in QoL measures but higher rates
of complete continence in the onaBoNT-A group (27% vs. 13%, p = 0.003). At
6 months 70% of onaBoNT-A subjects and 71% of anticholinergic subjects had
adequate control of their symptoms based on the Patient Global Symptom Control
score. As expected, subjects treated with anticholinergic therapy had higher rates
of dry mouth (46% vs. 31%), while those treated with onaBoNT-A had higher
rates of CIC (due to PVR >300 mL with or without symptoms or PVR >150 mL
with symptoms) (5% vs. 0%) and UTI (33% vs. 13%) [25]. A recent meta-anal-
ysis utilized data from 102 trials comparing onaBoNT-A, mirabegron, and a vari-
ety of anticholinergic therapies to one another or placebo for a minimum of
12 weeks. They found that onaBoNT-A reduced frequency more than all drugs
compared except solifenacin 10 mg daily and oxybutynin ER 10 mg daily, had
higher odds of reducing incontinence by 50% compared to all drugs except dari-
fenacin 15 mg daily, and had higher odds of complete continence compared to all
drugs [66].

A multicenter open-label trial comparing 200 U onaBoNT-A to sacral neuro-
modulation (SNS) in 364 women with OAB (ROSETTA trial) found greater reduc-
tions in frequency (—3.9 vs. —3.3, p =0.01), urinary incontinence episodes (—4.4 vs.
—3.7), and higher rates of complete continence (20% vs. 4%) in the onaBoNT-A
group at 6 months as well as greater improvements in symptom scores, and higher
treatment satisfaction. Women in the onaBoNT-A group had higher rates of UTI
(35% vs. 11%, p < 0.001) and 16% required CIC 2 weeks after injection which may
be directly related to the higher dose of 200 U used. In the SNS group, 3% of
women had the device revised or removed [67].
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Administration and Injection Technique

Patient Selection

Patients should be formally evaluated prior to undergoing BoNT-A injection with
a basic urologic work-up and demonstration of prior failed conservative therapy
or failure of other third-tier OAB options. OnaBoNT-A is a category C drug in
pregnancy and thus not recommended in women who are pregnant or attempting
to conceive. It should be used with caution in those women who are breastfeeding
[24]. Systemic events can occur due to migration of toxin beyond the detrusor
muscle, leading to muscle weakness or hyposthenia in non-targeted adjacent mus-
cles or distal ones. While this is a rare complication (2.4%), especially with the
lower doses used for OAB, it should be noted that it occurs more commonly in the
frail elderly undergoing injection [61]. Given this risk, onaBoNT-A should be
used with caution in patients with pre-existing neuromuscular disorders (e.g.,
myasthenia gravis or Lambert-Eaton syndrome), dysphagia, or compromised
respiratory function [68].

Pre-procedure Considerations

A urinalysis should be performed, and patients presenting with UTI should be
treated appropriately prior to injection. The manufacturer recommends avoiding
aminoglycoside antibiotics due to a theoretical risk of potentiation of onaBoNT-A
effects. Patients who are in urinary retention or regularly have a PVR of greater
than 200 mL and are not catheterizing should not undergo onaBoNT-A therapy
unless they are willing and able to perform intermittent urethral catheterization.
Given the risk of de novo retention, some providers recommend that patients learn
CIC prior to injection to demonstrate their ability should they experience voiding
difficulty post-injection. While the manufacturer recommends discontinuing anti-
coagulant medication at least 3 days prior to injection, we have anecdotally noted
that continuation of these medications does not typically cause increased bleed-
ing. The decision of whether to stop anticoagulants, continue them, or bridge
using an alternative medication should be discussed with the patient and the pro-
vider who prescribed the anticoagulation (typically the primary care provider or
cardiologist) in terms of the patient’s thromboembolic risk and the risks of the
procedure. Of note, should patients continue their anticoagulation, one could con-
sider using less injection sites to reduce the risk of bleeding. When treating
patients who receive onabotulinumtoxinA for other indications (i.e., muscle spas-
ticity or migraines), the total dose needs to be monitored. It is recommended the
total dose of onaBoNT-A does not exceed 400 U in a 3-month period [68, 69]
(Table 11.4).
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Table 11.4 Indications and contraindications for use of onabotulinumtoxinA

Indications

Diagnosis of OAB with failure of behavioral interventions and oral pharmacotherapy, with or
without failure of SNM and/or PTNS

No more than 260U of onabotulinumtoxinA in the prior 12 weeks for any indication

Patient willingness and ability to catheterize if necessary post-procedure

Contraindications

Current UTI

Acute urinary retention in a patient not performing catheterization
Unwillingness or unable to catheterize post-procedure if necessary
Known hypersensitivity to onabotulinumtoxinA or any of its components
Pregnancy or women attempting to conceive

OAB overactive bladder, SNM sacral neuromodulation, PTNS percutaneous tibial nerve stimula-
tion, UTI urinary tract infection

Storage and Reconstitution

OnabotulinumtoxinA vials come in 50, 100, and 200 U doses. Prior to reconstitu-
tion the vials should be stored in a refrigerator (2-8 °C) or freezer (at or below
—5 °C). It should be noted that prior to reconstitution, the vials appear almost com-
pletely empty except for a tiny amount of white material at the bottom. The vial
should be reconstituted with 10 mL of sterile 0.9% sodium chloride and very gently
mixed by rotating the vial. Proper mixing of BoNT-A is of utmost importance to
keep the toxin effective as shaking can lead to toxin denaturation. After reconstitu-
tion vials can be stored in the refrigerator and should be used within 24 h. The vial
is single use only and should be discarded after use [68, 69].

Injection Technique

The procedure of BoNT-A injection can be performed using either a rigid or flexible
cystoscope under general, spinal, or local anesthesia. A variety of needles for each type of
scope are available. Possible needle variables to consider include cost, working length, tip
length, tip sharpness, and flexibility. The optimal needle gauge should be between 22 and
27 with a tip length of 4 mm [70]. The majority of patients tolerate the procedure very
well with local anesthesia and a flexible scope in the office setting [71]. To administer
local anesthesia, the bladder should first be drained with a catheter, and then 30 cc of 1%
lidocaine should be administered via catheter to dwell for 20 min. Prior to placement of
the flexible cystoscope, 10 mL of 2% lidocaine gel should be inserted into the urethra.
During cystoscopy the bladder is filled to approximately 100-200 mL to allow
for adequate visualization but to avoid overdistension. Careful cystoscopy should be
performed to ensure that the patient does not have any previously undocumented
bladder tumors or bladder stones. There is currently no universally accepted protocol
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regarding the location and number of injections. During the FDA approval trials, 20
injections of 0.5 mL were injected 2 mm into the detrusor approximately 1 cm apart
throughout the bladder, avoiding the trigone [39, 40]. Historically the target layer
for injection is the detrusor muscle because of the previously proposed method of
action; however, studies have demonstrated no difference in patient symptoms or
urodynamic outcomes when comparing intradetrusor to suburothelial injections
likely because there is some element of diffusion of onaBoNT-A between layers and
because of the more recently documented afferent effects that contribute to the over-
all outcome [7, 72, 73]. Penetration of the bladder wall and an injection into the
perivesical tissues should be avoided both due to lack of efficacy and risk of com-
plications (such as generalized muscle weakness). Injections to the trigone have
traditionally been spared out of concern for producing VUR; however, this theoreti-
cal concern was disproven [74]. While an older meta-analysis of 6 studies including
258 patients found no significant difference between trigonal and extratrigonal
injections in terms of efficacy or adverse events, this analysis is complicated by
including studies with a variety of doses, combination of OAB and NDO patients,
and lack of separation in the trigone group between trigone-only vs. trigone-
inclusive injections [75]. A more recent meta-analysis of 8 studies including 419
patients found improved efficacy and no differences in adverse events when com-
paring trigone-inclusive injections to trigone-sparing injections but is also limited
by inclusion of studies utilizing a variety of doses and a combination of NDO and
OAB patients [73]. Some recent studies suggest efficacy may be maintained with
fewer injections. Both Denys et al. and Liao et al. found that fewer injections (10 or
15) had similar outcomes compared to more injections (20, 30 or 40) [76, 77].
Avallone et al. reported 50% subjective improvement in lower urinary tract symp-
toms using a total of 1-3 injections, although unfortunately there was not a com-
parison to placebo or standard number of injection sites [78]. Finally, while some
authors have advocated for adding methylene blue to the onaBoNT-A injection
solution to aid injection technique, we find that this additional step is not necessary
as providers gain experience with the procedure [79].

Post-procedure

Patients should receive a single dose of antibiotics during the time of injection for
antimicrobial prophylaxis, but no additional therapy is indicated. Given the recent
FDA black box warning regarding fluoroquinolone use, a different category of anti-
biotic is recommended [80, 81].

Patients should void prior to leaving the clinic. Significant bleeding is rarely
encountered during the injection even in patients on anticoagulants, but patients
should be informed that they could see blood in the urine for a day and have dysuria
with voiding for up to 48 h due to urethral manipulation.

Patients should be counseled that the effects are not immediate and may take up
to 2 weeks to fully manifest. Patients should follow up within 2 weeks to check a
post-void residual (PVR) and ensure adequate emptying. Based on the Phase III
trial recommendations of initiating catheterization for PVR >200 ml with symptoms
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or greater than 350 ml without symptoms, 6—7% of patients will require
CIC. However, a recent study of 187 injections found that initiation of CIC by
symptoms alone, without regard to the PVR, reduced the CIC rate to 1.6% with no
increased risk of UTI (UTI rate in PVR >350 ml 17%, UTI rate in PVR <200 ml
36%) and no increased risk of frank retention [82]. Thus, the decision regarding the
criteria for initiation of CIC is provider and patient dependent.

Future Work

Investigators continue to search for alternative ways to optimize the delivery of
onaBoNT-A to the bladder that does not involve cystoscopic injection. While intra-
vesical instillation is not presently a viable option due to the high molecular weight
of injected preparations, other techniques have been tried. Krhut et al. attempted to
augment the time urothelium is exposed to instilled onaBoNT-A by embedding it in
a hydrogel. The technique demonstrated some promise compared to placebo but
was not compared to the gold standard injection [83]. Kajbafazadeh et al. evaluated
the use of electromotive administration (maximal current of 10 mA for 15 min) with
10 U/kg of onaBoNT-A in 15 children with NDO. Significant improvements were
seen, but the study was limited by the small number of participants and lack of pla-
cebo comparison [84]. Chuang et al. utilized low-energy shock waves in a chemical
cystitis animal model to facilitate successful delivery of onaBoNT-A into urothelial
tissue, but human data is still lacking [85]. A recent double-blind, placebo-controlled
RCT examined the intravesical liposomal delivery of onaBoNT-A in 57 patients and
found mixed results with statistically significant decreases in frequency compared
to placebo (4.6 vs. —0.19, p <0.005) but no differences in urgency or UUI. While
this study is somewhat promising, it is limited by small sample size and lack of
comparison to the gold standard injection [86].

Vanilloid Compounds

Mechanism of Action

Vanilloid receptors are found throughout the lower urinary tract including sensory
neurons, urothelial cells, and the detrusor muscle and regulate the frequency of
reflex bladder contraction due to pain and/or inflammation. One proposed etiology
of OAB is activation of the vanilloid receptors on the unmyelinated c-fiber sensory
neurons resulting in urgency and uninhibited contractions via a sacral mediated
reflex [87]. Capsaicin and resiniferatoxin are both vanilloid compounds that can
bind to a specific vanilloid receptor, TRPV1. Capsaicin is the active ingredient in
the hot pepper from the Capsicum genus and results in burning and irritation of the
skin and mucous membranes. Resiniferatoxin is derived from a cactus-like plant,
Euphorbia resinifera, and was used in the traditional medicine of North African
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populations as an analgesic [88]. Activation of TRPV1 results in massive inward
Ca2+ and Na + currents that can be completely blocked by capsazepine, a capsaicin
antagonist. Inward currents evoked by capsaicin are strong in amplitude with a short
duration, while those evoked by RTX are weak with a longer duration [89].
Consecutive applications of TRPV1 agonists result in a progressive decrease in the
amplitude of the inward currents and subsequent desensitization. This is accompa-
nied by a decreased responsiveness of the TRPV1-expressing sensory neurons to
natural stimuli. It is, therefore, desensitization, and not excitation, that offers poten-
tial for clinical application.

Commercial Formulations and Dosing Considerations

While capsaicin was the first TRPV1 agonist used intravesically, it caused such
intense pain during the excitation phase despite local anesthesia that it is not rou-
tinely used [90]. RTX offers the best therapeutic profile as it induces a low intensity
excitation phase and less pain to the patient but a prolonged desensitization effect.

RTX is currently available as dry powder (Sigman-Aldrich) that must be pre-
pared on-site. A stock ethanol solution of 10 mM of RTX in pure ethanol must be
created and stored in a glass container in a dark area at 4 °C [87].

Treatment for Overactive Bladder

The outcomes of RTX treatment are controversial, and the literature is limited by
studies with small sample sizes and heterogeneous groups (Table 11.5 [91-94]).
One placebo-controlled randomized trial of 58 women with OAB found that
50 nM of RTX had no significant difference when compared to placebo in either
clinical or urodynamic parameters [94]. Two small retrospective reviews of 10
and 13 patients with OAB who underwent instillation with 50 nM of RTX found
significant differences in both clinical parameters and urodynamic parameters at
30 days with decreased frequency by 1.7-2.3 voids, decreased Ul by 1.6—4.3 epi-
sodes, increased MCC by 43-181 ml, and increased volume at first detrusor con-
traction by 27-270 ml [91, 92]. Finally another placebo-controlled randomized
trial of 54 patients with either NDO or OAB found that 4 weekly instillations of
10 nM RTX had improved clinical outcomes, urodynamic outcomes, and patient
satisfaction compared to placebo [93]. Only one meta-analysis has been per-
formed which found no difference in urinary frequency and nocturia but a signifi-
cant increase in MCC. Unfortunately this meta-analysis combined both NDO and
OAB patients, so its applicability to OAB patients is challenging [95]. Finally, one
group has found that responders to RTX, compared to nonresponders, have a trend
toward higher TRPV 1 expression levels, possibly indicating a subgroup of patients
that may more fully benefit from RTX therapy [96]. At this point in time, the
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safety and efficacy of RTX have not been demonstrated in any large, multicenter
trials with long-term follow-up, and for this reason its use beyond experimental
procedures is not recommended.

Administration Technique

Drug Preparation

RTX is administered via instillation. Each dose must be prepared immediately
before use using the stock solution previously created. Each instillation is 100 mL
and consists of 0.5 ml of stock solution, 90 mL of saline, and 9.5 ml of pure ethanol
[91].

Instillation

The RTX solution is administered via clean catheterization and maintained in the
bladder for 30 min. In clinical trials patients did not complain of pain during the
instillation, and anesthesia was not given. Average discomfort on a visual analog
score was 3 (range 0-8). During the procedure patients experience urgency and itch-
ing or a warm sensation over the lower abdomen. After 30 min the bladder is drained
and then irrigated with normal saline. The catheter is removed and patients must
void prior to leaving the clinic [91].

Conclusion

Intravesical therapy serves as a valuable surrogate treatment for OAB patients who
either are refractory or are unable to tolerate oral therapy. With the advent of
BoNT-A, the practitioner has an important tool in the armamentarium of treatment
for OAB. BoNT-A injection is an effective, safe, and well-tolerated option for
patients and is regarded as the current mainstay of intravesical therapy. While vanil-
loid compounds for intravesical therapy are present, at this point in time, their effi-
cacy and safety have not been sufficiently documented to recommend their use.
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Chapter 12
Other Treatments for Overactive Bladder,
Including Intravesical

Alison C. Levy and Lara S. MacLachlan

Oral Agents

Centrally Acting Drugs

There is a strong association between psychiatric disorders, including depression,
and overactive bladder [1].Treatment of either depression or bladder symptoms may
improve the other condition suggesting that the disorders may share a common
pathogenesis [2]. Several relevant neurotransmitters are involved in normal and
pathologic micturition pathways.

Urine storage is mediated centrally by serotonin increasing sympathetic and
somatic action and suppressing parasympathetic control. Norepinephrine has dose-
and receptor-dependent effects on the sympathetic and somatic systems of the lower
urinary tract.

Duloxetine, an antidepressant, is a selective serotonin and norepinephrine reup-
take inhibitor (SNRI) that is also approved for the treatment of stress urinary incon-
tinence (SUI) in some countries. In phase III testing of duloxetine for SUI, patients
demonstrated improvement in intervals between voiding suggesting positive effects
on bladder relaxation [3]. A randomized controlled trial (RCT) in women with over-
active bladder was conducted in 2007 with positive results [4]. Three hundred six
women with a minimum of 3 months of urgency predominant symptoms, daytime
voiding interval less than or equal to 2 h, and urodynamic confirmation of detrusor
overactivity (DO) or bladder capacity less than 400 mL secondary to urgency were
enrolled. Patients were randomized to receive twice daily dose of 40 mg of dulox-
etine for 4 weeks and then 60 mg twice daily for 8 weeks or identical-appearing
placebo. The study met its primary outcome showing a reduction of mean voiding
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episodes in 24 h by 1.81 versus 0.62 episodes in the placebo arm (p < 0.001).
Additionally, the study met secondary outcomes including decreasing episodes of
urinary incontinence (p = 0.032), improving some measures of quality of life, and
increasing the mean daytime voiding interval by 29.46 min versus 6.51 min in the
placebo group (p > 0.001). In contrast to studies in patients with SUI, there was no
improvement of bladder capacity or volume at which patients experienced DO on
urodynamic follow-up. Notably, 28.1% of patients were unable to tolerate dulox-
etine due to adverse events including nausea, dry mouth, dizziness, constipation,
and insomnia. A pilot study was performed to assess duloxetine in 23 patients with
multiple sclerosis which also demonstrated statistically significant improvement in
overactivity-related quality of life [5]. To date no studies have been performed com-
paring duloxetine to first-line anticholinergic medications. Similar agents including
besipirdine, an SNRI, and escitalopram, an SSRI, have completed phase II trials, but
results are not available [6, 7]. SNRIs are promising therapeutic options in patients
who are able to tolerate side effects based on good evidence by the International
Consultation on Incontinence (ICI) [8].

Tricyclic antidepressants increase norepinephrine and serotonin by blocking
synaptic reuptake of these neurotransmitters and also have potent anticholinergic
and antihistamine properties suggesting a potential role in OAB treatment. This
class of drugs is no longer frequently prescribed in the treatment of depression due
to side effects and overdose risks as well as the availability of multiple effective
alternative agents. No randomized studies have been performed in patients with
primary diagnosis of OAB. Imipramine has been studied as a combination therapy
in interstitial cystitis and showed a benefit to a subset of patients with overactivity
[9]. In a small study of patients with neurogenic bladder and incontinence second-
ary to DO, 6/10 patients had improvement in incontinence episodes and increased
bladder capacity and compliance [10]. There is not adequate evidence to recom-
mend routine use of tricyclic antidepressants in patients with OAB, but they can be
considered as an option for patients unable to tolerate other agents [8].

Alpha-Adrenergic Receptor Antagonists

Alpha-adrenergic receptor antagonists are extremely effective medications for
lower urinary tract symptoms caused by benign prostatic hypertrophy. Alpha 1A
and 1D receptors are found predominantly in smooth muscle throughout the body,
as well as in neural ganglia and the spinal cord. Activation of these G-protein-
coupled receptors alters intracellular calcium content to cause muscle contraction.
Targeted blocking of alpha 1A and 1D receptors in the lower urinary tract relaxes
smooth muscle in the bladder neck and prostatic urethra, causing relief of obstruc-
tive symptoms with improvement of urine storage. The ubiquitous nature of these
receptors accounts for generally rare but wide-ranging side effects of alpha-blockers
including orthostatic hypotension, syncope, diarrhea, nausea, rhinitis, and intraop-
erative floppy iris syndrome [11]. These medications are especially effective in men
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with dual diagnoses of overactivity and lower urinary tract symptoms (LUTS) [12].
Several small RCTs have been performed in women to evaluate safety and efficacy
of these medications in treating LUTS in women. A European RCT of women with
at least 3 months of symptoms of OAB without stress or stress-predominant mixed
incontinence or neurogenic DO compared efficacy of tamsulosin, an alpha-
adrenergic receptor antagonist, tolterodine ER, and placebo [13]. After a washout
period, 364 women were randomized to receive 1 of 4 doses of tamsulosin, 4 mg of
tolterodine, or placebo for 6 weeks. The primary outcome measured was mean num-
ber of voids per 24 h. Secondary outcomes were mean volume per void, number of
incontinence episodes, urgency episodes per 24 h, and quality of life. The study did
not demonstrate any statistical difference in primary or secondary outcomes for the
highest dose of tamsulosin or tolterodine compared to placebo. The lack of efficacy
of tolterodine contradicts the findings of multiple prior studies, which calls into
question the validity of this study. Another RCT investigated terazosin in a hetero-
geneous population of 83 women with International Prostate Symptom Score (IPSS)
of 8 or higher seeking to measure a decrease in IPSS to less than 2 [14]. The study
demonstrated improvement of IPSS scores that was statistically significant in the
terazosin group. A recent meta-analysis identified 6 studies including 764 women
that compared tamsulosin to placebo and prazosin or combination therapy with tolt-
erodine [15]. Inclusion criteria were unfortunately too varied to recommend treat-
ment with these agents, but the study did conclude that tamsulosin was safe and
effective for the relief of lower urinary tract symptoms. Alpha-blockers are a prom-
ising and well-tolerated therapy, but there is not yet adequate evidence to recom-
mend them as primary treatment of OAB particularly in females [8].

Phosphodiesterase Inhibitors

Phosphodiesterase inhibitors (PDE-Is) have a primary indication for treating erec-
tile dysfunction. Drugs that target PDE-5 prevent the breakdown of cGMP result-
ing in smooth muscle relaxation and vasodilation, thereby facilitating erection.
There are many PDE receptors in the bladder suggesting a role for PDE-Is in the
management of OAB [16]. Initial interest in using the drugs for treatment of the
bladder began in men with benign prostatic hypertrophy and LUTS. A study of
tadalafil showed improvement in LUTS with significant reductions in detrusor
overactivity on urodynamic assessment and moderate increases in bladder capac-
ity [17]. Recently, the drug has been studied in women with OAB in a random-
ized, double-blind, placebo-controlled trial [18]. Ninety-six women were assigned
to receive low-dose tadalafil or placebo for 3 months. Significant improvements
were noted in patient-reported urgency, frequency, incontinence episodes, and
bladder capacity (p < 0.05) starting at the fourth week of therapy with very low
rates of adverse effects and excellent compliance. This single institution study
lacked objective measures of OAB improvement and did not compare tadalafil to
first-line therapy.
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A small pilot study evaluated the effect of vinpocetine, a PDE-1 inhibitor, on patients
who had not responded to standard therapy for OAB [19]. The cohort included patients
with urgency/urge incontinence or low-compliance bladder and administered the study
drug for 4 weeks with a dose increase after 2 weeks if there was no initial response. Over
half the patients had symptomatic improvement, 3/19 (15.8%) with slight improvement
and 8/19 (42.1%) with pronounced improvement. In the 11 patients that responded,
there was a significant decrease in daytime and nighttime frequency of micturition and
number of pads (p < 0.001, p < 0.05). While PDE-Is merit follow-up with larger, con-
trolled studies with composite outcome measures, given the promising results in these
trials, they are considered a recommended option by the ICI [8].

Drugs Acting on Membrane Channels

Calcium and potassium channels mediate bladder contraction and are potential thera-
peutic targets for pathological bladder activity [20]. Keeping potassium channels open
would theoretically decrease detrusor excitability and contractility, thereby decreas-
ing symptoms of OAB. A potassium channel opener was developed and tested in a
double-blind RCT [21]. The study drug was administered to 299 women for 12 weeks
who had documented frequency and urgency and had failed first-line therapy.
Unfortunately, patients on the study drug did not demonstrate increase of voided vol-
ume, decrease in voiding episodes, and incontinence episodes or pad use, and did not
have improvement in quality of life. The drug was well tolerated in this trial, but there
is a concern that higher doses could precipitate hypotension due to the presence of
potassium channels on vascular smooth muscle. Potassium channel openers are not
recommended for OAB treatment based on good-quality available evidence [8].

In vivo and in vitro animal studies demonstrated that activation of vitamin D-3 recep-
tors in bladder smooth muscle downregulates calcium channel sensitization, thereby
decreasing spontaneous detrusor contractions. Elocalcitol is a synthetic vitamin D ana-
log that was tested in a RCT of 308 women with urodynamic confirmed OAB [22]. The
study did not meet the primary endpoint of increasing volume at first involuntary detru-
sor contraction but did significantly decrease incontinence episodes (p = 0.02) and
showed improvement in Patient’s Perception of Bladder Condition score (p = 0.02).
Adverse effects attributable to the agent occurred in 11.7% of the study population and
were mild, most commonly nausea, constipation, infection, migraine, and drowsiness.
Despite the equivocal results, the drug had some effect on detrusor relaxation, so it may
ultimately have a potential role in treatment of OAB in the future.

Anticonvulsants

Targeting the spinal micturition reflex pathway has led to interest in neurologic
medications as potential treatments for OAB. Gabapentin is a drug used as an anti-
convulsant and analgesic that is well tolerated by patients. Despite its name and
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chemical structure, the drug does not interact with GABA receptors or alter GABA
levels but rather inhibits C-fiber nerves that are implicated in some types of dys-
functional detrusor activity [23]. Gabapentin was administered to 31 patients who
had symptoms of OAB or nocturia that had not resolved with tolterodine or oxybu-
tynin [23]. The study population was heterogeneous including 12 women with mul-
tiple sclerosis and 10 men who had previously undergone surgery for BPH. All
patients continued their prior medication regimens throughout the trial. There was
subjective symptom improvement in 45% of patients (14/31) with objective decrease
in frequency (14.1 voids/day to 10.0 voids/day, p = 0.01). Another study evaluated
16 patients (15 men and 1 woman) with neurogenic OAB [24]. After 31 days of
gabapentin administration, there was subjective improvement in frequency, urgency,
and incontinence episodes (IPSS score 14.8 vs 8.8, p = 0.023), increased volume at
first desire to void (121 ml vs 140 ml, p = 0.021), increased bladder capacity (342 ml
vs 430 ml, p = 0.05), and decreased detrusor contractions on urodynamic evaluation
(resolution in 4/16, higher volume in remaining patients). Based on these results, a
double-blind RCT was performed comparing gabapentin to solifenacin and placebo
[25]. Ninety-four patients with overactive bladder symptoms and bother were ran-
domized to each treatment group for 12 weeks. The study showed significant
improvement in frequency and urgency and an increase in volume voided as well as
improved quality of life scores in both the gabapentin and solifenacin groups com-
pared to placebo (p < 0.001). Nocturia was improved in the gabapentin group, and
solifenacin increased volume per void, but the drugs were otherwise comparable. In
this study gabapentin was equally efficacious as a first-line treatment option and
may be an excellent and titratable alternative for patients unable to tolerate other
medications.

Pregabalin has a similar mechanism to gabapentin but has higher bioavailability.
Pregabalin is a federal category V controlled substance which may limit quantity
and duration and which practitioners can prescribe the medication in some states
[26]. Pregabalin was compared to tolterodine, in combination with tolterodine, and
to placebo in women with idiopathic OAB [27]. In this study, pregabalin alone and
in combination with tolterodine significantly increased mean volume voided,
decreased frequency, and improved OAB-related bother scores and quality of life
measures (p < 0.028). Patients receiving pregabalin did report more frequent moder-
ate adverse events including dry mouth and dizziness that resulted in treatment dis-
continuation. Exploratory analysis did not reveal synergy of the two study
medications.

Baclofen is a GABA agonist that is effective in downregulating spinal nervous
activity and is used for patients with spastic neurologic disorders. After pilot stud-
ies that demonstrated a potential calming effect on involuntary detrusor contrac-
tions, a small randomized crossover trial was performed in patients with overactive
bladder in 1979 [28]. Though patients on baclofen did demonstrate improvement
in day- and nighttime frequency, pad use, and subjective symptom score, there
was also a strong response to placebo tempering the overall results of the study. In
a study of patients with dysfunctional voiding, baclofen was found to decrease
voiding frequency [29]. To our knowledge no recent studies have tested baclofen
in patients with OAB, but it is a treatment option for patients with incontinence
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based on limited evidence [8]. Other medications with similar mechanisms includ-
ing a selective GABA agonist, lamotrigine, and opioids have had promising
results in animal studies, but no human studies have been published to our knowl-
edge [30, 31].

Neurokinin Receptor Antagonists

Neurokinin (NK) receptor antagonists were initially developed as treatment for
depression, migraines, and chemotherapy-induced nausea. The agents have sparked
interest in urology due to the role of tachykinins in the micturition reflex and in
pathologic bladder contraction [32]. Aprepitant was investigated in a randomized
trial of 125 women with urge urinary incontinence (UUI) [33]. Patients randomized
to aprepitant were found to have a 10% decrease in frequency (—1.3 events/day,
p = 0.019) and significantly fewer daily urgency episodes (—1.2 events/day,
p =0.007) though there was no effect on incontinence episodes. Patients also expe-
rienced subjective symptom improvement and decreased bother compared to pla-
cebo, but no difference in quality of life. Of note, four patients in the aprepitant
group suffered serious clinical adverse effects resulting in discontinuation of the
drug, and mild-moderate drug-related adverse effects were more frequent in the
treatment group.

Serlopitant, which has highest affinity for the NK-1 receptor, was tested at
multiple doses in comparison to tolterodine and placebo in a multicenter, ran-
domized trial of 557 patients with OAB [34]. Both serlopitant and tolterodine
significantly decreased urinary frequency compared to placebo (—1.1, —1.5,
—0.5 micturitions/day, respectively). Serlopitant did not improve urgency epi-
sodes. Neupitant, another NK-1 selective agent, failed to demonstrate superior-
ity compared to placebo in a randomized study of 325 patients with OAB [35].
Despite having some effect on urinary frequency, the results of these studies
suggest NK receptor antagonists are less effective than current first-line
therapy.

Cizolirtine acts via the tachykinin pathway, which is related to the NK-1
pathway. The drug decreases release of substance-P and thereby is expected to
inhibit the sensory pathways involved in detrusor overactivity [36]. To examine
its efficacy in OAB, cizolirtine was compared to oxybutynin and placebo in a
phase II randomized, double-blind trial. Cizolirtine and oxybutynin both signifi-
cantly reduced daily voids, urgency, and increased volume voided compared to
placebo (p < 0.002). Cizolirtine also showed significant improvement in urody-
namic parameters. Reported adverse effects were comparable between groups,
but significantly more patients withdrew from the cizolirtine arm of the study
secondary to side effects including gastrointestinal upset, vertigo, and head-
ache. This study suggests a potential role for tachykinin-moderating drugs in
the treatment of OAB.
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Other Agents

Prostaglandins (PG) have been implicated in multiple studies for their role in bladder
function via afferent signaling. Patients with OAB have been found to have higher
urinary levels of PGE2, and OAB can be induced in normal subjects with intravesical
instillation of PGE2 [37]. An EP1-receptor antagonist, ONO-8539, was developed to
target this pathway by suppressing the effect of PGE2. Despite performing well in
preclinical studies, this drug failed to decrease daily micturitions, urgency, and vol-
umes per void compared to tolterodine and placebo in phase II trials.

Cannabinoids have been studied as a potential treatment for OAB. Cannabinoid-
specific receptors have been found in the bladder, and activation decreases excitatory
and increases inhibitory neurotransmitters, thereby relieving overactivity in animal
models. Agents have been trialed in patients with OAB secondary to multiple sclerosis
(MS). In a randomized controlled trial of nabiximol, a cannabinoid oromucosal spray, in
patients with MS and OAB, the drug failed to meet the primary endpoint to reduce daily
incontinence episodes [38]. However, there was a decrease in urgency, severity of incon-
tinence episodes, and significant decrease in number of voids per day and subjective
symptom scores. There were two reported serious adverse events. Patients in the treat-
ment group experienced a low sense of intoxication that was comparable to the placebo
group (mean 0.5 vs 0.4, scale 0—10). A small study assessing urodynamics of the same
drug supported the finding of subjective improvement of symptom scores [39].

The higher prevalence of OAB in postmenopausal females suggests estrogen
may have a role in OAB pathophysiology. A population-based study in Taiwan
showed an adjusted hazard ratio of OAB development of 14.37 in estrogen-deprived
women with breast cancer compared to non-estrogen-deprived controls [40].
However, several large epidemiologic studies have shown an association of sys-
temic estrogen therapy with increased risk of OAB [41]. Local estrogen administra-
tion has more clearly shown positive effects on both subjective and objective
measures of OAB including reduction of detrusor contractions, urgency, and fre-
quency in meta-analyses and reviews [41]. The role and route of estrogen as a
potential treatment or adjunct option remains promising but uncertain and is recom-
mended as an option by the ICI based on limited evidence [8]. Two pilot studies
investigating vaginal laser treatment in patients with vulvovaginal atrophy showed
promising results with improvement of subjective and objective OAB measures [42,
43]. To our knowledge no RCTs have been performed using this treatment.

Intravesical Agents

Intravesical agents directly target the bladder mucosa and avoid systemic side
effects that limit treatments but are more invasive and inconvenient than oral thera-
pies. Intravesical chemodenervation agents such as onobotulinumtoxinA will be
covered elsewhere.
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Oxybutynin

Oxybutynin is an anticholinergic that is a first-line oral therapy for OAB but is not
tolerated by many patients due to adverse effects. Intravesical preparations, which
must be administered 2—3 times per day, have been explored to maximize clinical
effect while decreasing systemic absorption owing to altered pharmacokinetics
[44]. Intravesical oxybutynin was administered in a pilot study of 11 patients who
previously had side effects to oral anticholinergics [45]. The ten patients who were
able to tolerate intravesical infusion reported symptomatic improvement and dem-
onstrated higher bladder capacity at lower pressure. The intravesical preparation
outperformed oral oxybutynin in a recent randomized study of 35 patients with
neurogenic detrusor overactivity demonstrating significantly increased bladder
capacity (117 ml vs 18 ml, p = 0.0086) with lower rates of adverse effects (55.6%
vs 82.4%) [46]. Studies in patients with non-neurogenic OAB have been mixed with
subjective improvement in 50-82% of patients and consistently with few side
effects [47]. Data in adult populations is limited, but this treatment is an option in
patients comfortable with catheterization in order to perform the bladder instilla-
tions. A vaginal ring that releases oxybutynin is a promising alternative for female
patients with OAB [48]. Phase II studies of this device showed significant improve-
ment in frequency and incontinence episodes compared to placebo with similar
rates of adverse effects; phase III studies are pending.

Atropine

Atropine is an inexpensive antimuscarinic agent that was found to be clinically inef-
fective in suppressing detrusor contractions when administered systemically due to
significant side effects [49]. After successful animal studies with bladder instilla-
tion, an initial study was performed in 12 patients with OAB secondary to spinal
cord injury. Although 5/12 patients were unable to tolerate intravesical infusion, the
remaining patients had significantly increased bladder capacity (mean bladder
capacity increase 301 ml, p < 0.001) and increased volumes at which detrusor con-
traction and leak occurred (p < 0.05) without experiencing side effects [49]. An
increase in bladder capacity was confirmed in patients with OAB secondary to MS
with better tolerance of intravesical therapy [50]. A double-blind, randomized,
crossover study was performed comparing intravesical atropine 4 times per day to
oral oxybutynin 3 times per day in 57 patients with MS. Results favored intravesical
atropine with increase in bladder capacity (79.6 = 89.6 ml vs 55.5 + 67.2 ml,
p =0.053) and comparable rates of frequency and incontinence. Patients in the atro-
pine arm had improvement in quality of life metrics and fewer anticholinergic side
effects but were more likely to experience urinary retention compared to patients
receiving oxybutynin [51]. Intravesical atropine can be considered in patients able
to perform instillations based on limited evidence [8].
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Anesthetics

Intravesical anesthetics have been researched in patients with interstitial cystitis but
have had less success in patients with overactive bladder. The drugs depress afferent
sensory nerves thereby allowing greater bladder relaxation and suppressing urge to
void. In a study of patients with overactive bladder due to spinal cord injury or cere-
brovascular disease, 20 ml of 1% or 4% lidocaine was administered intravesically
and compared to saline control. The 4% solution was found to increase bladder
capacity in patients with spinal cord injury >1 year significantly more than in
patients with cerebrovascular disease and also to significantly decreased detrusor
contractions.(p < 0.01) [52]. Despite excellent effect in some patients without sys-
temic absorption, the drugs have a short duration of action that has prevented rou-
tine use [44].

Vanilloids

In the healthy bladder, activation of vanilloid receptors via C-fiber afferent nerves
results in detrusor contraction to expel noxious substances. In patients with spinal
cord injury, there are changes in C-fiber density and response that create a new
micturition reflex, which has also been implicated in the development of detrusor
overactivity [53]. Intravesical administration of vanilloids desensitizes C-fibers
after an initial irritating effect [54, 55]. This activity prompted research in the
early 2000s on the use of intravesical capsaicin (CAP) and resiniferatoxin (RTX)
in OAB. De Séze et al. evaluated early studies of CAP and found considerable
variation in doses administered but nevertheless determined there was improve-
ment in patients with neurogenic DO with less benefit to idiopathic OAB [56]. A
recent meta-analysis of vanilloids on patients with multiple sclerosis identified
seven trials for consideration including four randomized controlled trials and
three prospective cohort studies [54]. Meta-analysis revealed significant improve-
ment in incontinence episodes and frequency. Several studies note that patients
who respond can achieve complete continence and that a single infusion can have
long-duration (6 months—1 year) effects with symptoms never returning to base-
line severity [44]. A single study on RTX demonstrated improvement of bladder
capacity and over 50% reduction in incontinence episodes. Unfortunately, adverse
effects were reported by more than half of patients that may be partially due to the
use of ethanol as the solvent. Studies of CAP in other solvents have had positive
results [57].

A double-blind, randomized, controlled study compared CAP in a glucidic sol-
vent to RTX in ethanol in patients with MS or spinal cord injury [53]. Both groups
had considerable improvement in continence, frequency, and urgency (78% CAP,
80% RTX) with greater persistence of effects at 90 days in the RTX group. Side
effects were temporary and tolerable but occurred in 42.9% of RTX patients and
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72.2% of CAP patients. To our knowledge, no randomized studies have been per-
formed evaluating vanilloids in patients with idiopathic OAB, but treatment with
these agents can be an option based on good evidence [8].

NOP Receptor Agonists

Another target of the afferent micturition reflex pathway involved in OAB is the
NOP receptor. Lazzeri et al. performed a series of studies testing nociceptin/
orphanin FQ, which targets the NOP receptor, on patients with neurogenic detrusor
overactivity. A pilot study in 2001 tested the intravesical infusion of nociceptin/
orphanin FQ in five normal patients and nine patients with refractory OAB [58].
There was no effect on normal patients and a significant increase in bladder capacity
and delay to detrusor contraction in patients with OAB. (p < 0.05) However, this
effect did not persist on reevaluation at day 15. These findings were confirmed in a
small randomized, controlled, double-blind study with no effect of the placebo solu-
tion on patients with neurogenic OAB [59]. More recently, the same group evalu-
ated daily instillations in patients with neurogenic DO who perform CIC [60]. In
addition to reaffirming the results of the first two studies, patients in the treatment
group had significantly fewer incontinence episodes. To our knowledge NOP recep-
tor agonists have not been tested in patients with non-neurogenic OAB.

Liposomes

Intravesical liposomes were found to decrease bladder hyperactivity in rats and have
been studied as treatment for interstitial cystitis in humans [61]. Research in OAB
has focused on the use of liposomes for drug delivery. Two contemporaneous stud-
ies compared the effect of intravesical liposomes containing botulinum toxin to nor-
mal saline on patients with OAB [62, 63]. Both studies found significant decreases
in frequency and urgency without adverse effects of urinary retention or urinary
tract infection.

Conclusions

Advancements in understanding normal bladder and micturition physiology and the
pathophysiology of OAB have led to exploration of alternative systemic and tar-
geted treatments. Many of these agents have been successful in randomized trials
with improvements in symptoms, quality of life, and favorable side effect profiles.
Despite positive results, many of these drugs are not used in routine practice and
have not been compared to first-line agents. Successful treatment of patients who
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are refractory or intolerant to standard therapy requires further knowledge of the
mechanisms and effects of these alternative agents.
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Chapter 13 )
Future Considerations in Overactive
Bladder Pharmacotherapy

Check for
updates

Karl-Erik Andersson

Background

The latest approved treatments of lower urinary tract syndrome (LUTS)/overactive
bladder (OAB)—mirabegron, tadalafil, and botulinum toxin—are, together with
antimuscarinics and a-adrenoceptor (AR) blockers, currently the most widely used
treatments for both neurogenic and non-neurogenic LUTS/OAB [1]. Still, as mono-
therapies they are not effective in all patients, and new alternatives are continuously
being explored. Even if much nonclinical and clinical research is ongoing, there
seem to be few new principles in the pipeline. What can be expected in the future
seems to be introduction of new additions to existing drug classes and combinations
of existing options. However, new pharmacological principles, based on factors
involved in OAB pathophysiology [1-6], may be developed. This review discusses
what is currently ongoing in drug treatment of OAB/LUTS but also speculates, on
the basis of promising preclinical and clinical data, what drugs can be expected to
be introduced clinically within the next few years.

Drugs in the Pipeline

Antimuscarinics

Despite many different antimuscarinics being available and recommended for clini-
cal use [1], there is still an interest in new developments [2]. Tarafenacin a novel
potent antimuscarinic agent highly selective for M; over M, receptors [7], was
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reported to have functional selectivity for the bladder over atrial tissues in the order
of 200-fold in a mouse model. This may be of interest from a cardiac safety point of
view. Song et al. [8] performed a multicenter, randomized controlled phase 2b trial
on 235 OAB patients and showed that after 4 weeks tarafenacin at doses of 0.2 and
0.4 mg was superior to placebo in reducing the number of micturitions per day (pri-
mary endpoint). The drug showed a good safety profile, with very few cases of
constipation. This may be surprising considering the profile of the highly M,
receptor-selective darifenacin, which has constipation as a common adverse effect
[1]. However, the most common side effect of tarafenacin was dry mouth, which at
a dose of 0.4 mg occurred in 52 out of 76 randomized patients. It is therefore
unlikely that this drug, even if proven efficacious in future studies, will offer any
advantages over existing options [1, 9, 10]. OAB is a filling disorder, and even if it
is well established that M; receptors are involved in detrusor muscle contraction, it
is not necessarily by this mechanism that the beneficial effects on OAB symptoms
are exerted [11].

To specifically reduce the adverse effect of tolterodine-induced dry mouth,
THVD-201 (Tolenix™, twice-daily formulation) and THVD-202 (once-daily for-
mulation) were designed. Both drugs are a combination of the muscarinic antago-
nist, tolterodine, with modified-release formulations of the muscarinic receptor
agonist, pilocarpine, as a salivary stimulant. THVD-202 is advancing into phase 3
studies (Clinicaltrials.gov). The combination of tolterodine and pilocarpine has
demonstrated efficacy comparable to twice-daily tolterodine; however, the combi-
nation showed statistically significant and clinically meaningful improvements in
saliva production and dry mouth, as compared to the active-control tolterodine [12].
It is possible, but has to be demonstrated in further trials, that this advantage over
tolterodine alone will be sufficient to motivate marketing of the drug.

Bs-Adrenoceptor Agonists

f;-adrenoceptor (AR) agonists have generally been considered to improve OAB
symptoms by relaxing the detrusor muscle, inhibiting spontaneous contractile activ-
ity in the detrusor, and reducing bladder afferent activity [13—15]. For example,
Aizawa et al. [16] showed that single-unit afferent activities (SAAs) of both
Ad-fibers and C-fibers in response to bladder filling significantly dose-dependently
decreased after mirabegron administration, the effect being more conspicuous for
Ad-fibers. During isovolumetric bladder conditions, the mean bladder pressure and
the number of microcontractions decreased after mirabegron administration,
whereas these parameters did not change with oxybutynin administration. However,
recent evidence suggests that in addition to a direct effect on the smooth muscle,
activation of prejunctional f;-AR may result in downregulation of ACh released
from cholinergic terminals, thereby exerting an additional inhibitory control of
parasympathetic activity [17-20].
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In addition to the only marketed p;-AR agonist, mirabegron, there are reports on
other B;-AR agonists in development, e.g., ritobegron and solabegron. A phase 3
randomized, double-blind, placebo-controlled study of ritobegron in patients with
OAB has been initiated and completed, but the results of this study have not been
published, and a press release by the pharmaceutical company stated that prelimi-
nary analysis indicated that the study’s primary efficacy endpoint was not met.

Efficacy and safety of solabegron (GW427353) have been recently reported in a
phase 2 multicenter, randomized, proof-of-concept trial in 258 women with wet
OAB [21]. Solabegron was well tolerated and at the dose of 125 mg produced a
statistically significant difference in percent change from baseline to week 8 in
incontinence episodes over 24 h (primary outcome) when compared with placebo
(p = 0.025) [21]. Further studies are awaited.

There have been many early investigations of other novel and putative p;-AR
agonists for management of OAB, including CL-316243, TRK-380, AJ-9677, and
BRL-37344 [22]. These agents have been reported as being in development, but no
clinical data have been published. Thus, even if there are several f;-AR agonists in
the pipeline, it is uncertain which, if any, will come to market and be available for
the management of OAB. A new agent, vibegron [23, 24], is a potent, selective full
B3-AR agonist across species, and it dose-dependently increased bladder capacity,
decreased micturition pressure, and increased bladder compliance in rhesus mon-
keys [24]. The relaxation effect of vibegron was enhanced when combined with
muscarinic receptor antagonists but differentially influenced by muscarinic receptor
subtype selectivity. The effect was greater when vibegron was co-administered with
tolterodine (nonselective antagonist), compared with co-administration with darif-
enacin (selective M3 receptor antagonist). Furthermore, a synergistic effect for
bladder strip relaxation was observed with the combination of a 3;-AR agonist and
tolterodine in contrast to simple additivity with darifenacin. The authors speculated
that combination of f;-AR agonists with non-receptor-selective antimuscarinics has
the potential to redefine the standard of care for the pharmacological treatment of
OAB. Yoshida et al. [25] performed a randomized, double-blind, placebo-controlled
phase 3 study on 1232 patients, who were assigned to one of four 12-week treat-
ment groups: vibegron (50 mg or 100 mg once daily), placebo, or imidafenacin
(0.1 mg twice daily). The primary endpoint was change in the mean number of
micturitions per day at week 12 from baseline, and secondary endpoints were
changes from baselines in OAB symptom variables (daily episodes of urgency,
urgency incontinence, incontinence, and nocturia and voided volume per micturi-
tion). The proportions of patients with normalization of micturition and resolution
of urgency, urgency incontinence, and incontinence were significantly greater with
vibegron than with placebo. Vibegron also significantly improved the quality of life
(QoL), with high patient satisfaction. Incidences of drug-related adverse events
with vibegron 50 mg and 100 mg were 7.6% and 5.4%, similar to placebo (5.1%)
and less than with imidafenacin (10.3%). Since the duration of the study was just
12 weeks, a long-term study is needed to establish efficacy compared with other
alternatives.
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Even if several ;-AR agonists have been reported as being in development, no
clinical data have been published, except for solabegron and vibegron. Whether any
of these agents will come to market and be available for the management of OAB
remains to be established.

Botulinum Toxin A

Botulinum toxin A (BoNT-A) is a high-molecular-weight (150 kDa) neurotoxin that
may not be able to gain access to the afferent nerves located immediately below the
urothelium without needle injection. To improve intravesical treatment with botuli-
num toxins, novel therapeutic uses and formulations have been reported [26, 27].
New formulations seek to improve bioavailability at the site of action while decreas-
ing adverse events, and several new approaches have been tested in animal models
and, to some extent, in patients (e.g., increasing urothelial permeability with DMSO
or protamine sulfate pretreatment, iontophoresis, low-energy shock waves, thermo-
sensitive hydrogels and liposomes) [28].

One of the most promising approaches seems to be liposome-based [29].
Liposomes are vesicles composed of concentric phospholipid bilayers separated by
aqueous compartments. Because they adsorb onto cell surfaces and fuse with cells,
they are being used as vehicles for drug delivery and gene therapy. In order to have
the therapeutic effects of BONT-A on the urothelial afferent nerves without impair-
ing detrusor contractility and to improve patients’ acceptability of the treatment by
overcoming the adverse effects of the cystoscope-guided needle injections, studies
are ongoing exploring if liquid liposomes may deliver BoNT-A (liposome-
encapsulated BoNT-A or lipotoxin) through the urothelium to the suburothelial
space. In a rat model, intravesical lipotoxin cleaved SNAP-25, inhibited calcitonin
gene-related peptide release from afferent nerve terminals, and blocked acetic acid-
induced DO [30]. Kuo et al. [31] performed a study on 24 patients with OAB, who
were nonresponsive to >3 months of therapy with traditional antimuscarinic agents.
They were randomized 1:1 to receive intravesical instillation of lipotoxin or saline
solution. In the lipotoxin group, 3-day urinary frequency and urgency episodes
were significantly decreased at 1 month, whereas no change was reported in the
control group. Importantly, no urinary tract infections or large post-void residual
volumes were reported. However, only 50% of the 12 patients initially treated with
lipotoxin showed a response, and only 4 had a maintained response at 3 months.
Furthermore, of 12 non-responders who were subsequently treated or retreated with
lipotoxin (6 from each cohort), only 1 showed a response at 3 months. Moreover, no
change in urgency incontinence was found in either group, although the median
baseline frequency of incontinence episodes was only 0.5 events in the lipotoxin
cohort.

Chuang et al. [32] performed a prospective, multicenter, double-blind, random-
ized trial on 62 OAB patients inadequately managed with antimuscarinics. At
4 weeks after treatment, lipo-botulinum toxin instillation was associated with a
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statistically significant decrease in micturition events per 3 days and with a statisti-
cally significant decrease in urinary urgency events with respect to baseline, but not
placebo. There were no statistically significant decrease in urgency severity scores
compared to placebo and no increased risk of urinary retention. However, the effects
of lipo-botulinum toxin on urinary urgency incontinence were inconclusive.

The combination of genetic engineering and molecular biology techniques has
enabled the possibility of developing recombinant biotherapeutic proteins incorpo-
rating the light chain (endopeptidase) and the HN translocation domain of BoNT,
combined with a binding domain that binds to a specific target represented by a cell
surface receptor [33]. A novel-targeted BoNT-A has already completed phase 1
studies and entered proof-of-concept phase 2 studies in postherpetic neuralgia and
idiopathic OAB.

Despite mildly encouraging preclinical results, significant technology refine-
ment and clinical testing will be required in order to define the safety and efficacy
profile of new BoNT formulations and engineered variants.

Combinations

Treatment of disorders with multifactorial pathophysiology with combinations of
drugs seems to be a logical approach—not only can more than one underlying
mechanism be influenced (if the drugs have different mechanisms of action), but
also the doses of drugs can be kept low making it possible to reduce the number of
side effects. LUTS/OAB in both men and women is multifactorial, and there are
many examples that combined treatment can be superior to monotherapy [1].
However, which combination should be given to which patients? How much can be
gained? Is there really a cost/benefit in combining currently approved drugs with
respect to efficacy and side effects, or is the field open for introduction of “minor
players,” i.e., drugs with some efficacy, but not efficacious enough to be given as
monotherapy? A variety of such combinations have been evaluated. Several ran-
domized, controlled trials demonstrated that the combination treatment of antimus-
carinic drugs and o;-AR antagonists was more effective at reducing LUTS than
a;-AR antagonists alone in men with OAB and coexisting BPO [1, 33—42].

A large-scale, multicenter, randomized, double-blind, placebo-controlled trial
(the TIMES study) demonstrated the efficacy and safety of tolterodine ER alone,
tamsulosin alone, and the combination of both in 879 men with OAB and BPO [33].
In the primary efficacy analysis, 172 men (80%) receiving tolterodine ER plus tam-
sulosin reported treatment benefits by week 12. In the secondary efficacy analysis,
patients receiving tolterodine ER plus tamsulosin compared with placebo experi-
enced small but significant reductions in urgency incontinence, urgency episodes,
daytime frequency, and nocturia. However, there were no significant differences
between tamsulosin monotherapy and placebo for any diary variables at week 12.
Patients receiving tolterodine ER plus tamsulosin demonstrated significant improve-
ments in total IPSS.
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The efficacy and safety of solifenacin in combination with tamsulosin were
assessed in several large-scale RCTs, including the VICTOR [35], SATURN [36],
and NEPTUNE [37] trials. Based on these studies, it may be concluded that the
combination of antimuscarinics and a;-AR antagonists may be the most effective
therapy in men with OAB symptoms in the presence of BPO.

Abrams et al. [38] reported results of a phase 2 trial (Symphony) of combination
treatment with mirabegron and solifenacin in 1306 patients with OAB. The primary
endpoint was change from baseline to end of treatment in mean volume voided per
micturition (MVV). The drug combinations solifenacin 5 mg plus mirabegron
50 mg, solifenacin 10 mg plus mirabegron 25 mg, and solifenacin 10 mg plus mira-
begron 50 mg demonstrated significant improvements compared to both solifenacin
5 mg and placebo. No severe adverse events were reported, and treatment was gen-
erally well tolerated. Similar results were obtained by Yamaguchi et al. [37] in a
multicenter, open-label, phase 4 study (MILAI study) to assess the safety and effi-
cacy of mirabegron in combination with solifenacin in OAB patients who were
being treated with solifenacin 2.5 mg or 5 mg once daily for at least 4 weeks [37]
and by Drake et al. [39—41] in a phase 3b trial (BESIDE) in incontinent OAB
patients. Xu et al. [42] performing a meta-analysis to evaluate the efficacy and
safety of mirabegron add-on therapy to solifenacin for patients with OAB concluded
that mirabegron therapy as an add-on to solifenacin provides a satisfactory thera-
peutic effect for OAB symptoms with a low occurrence of side effects.

Although antimuscarinic agents are the first choice of treatment for patients with
OAB symptoms, these drugs do not always lead to the desired effect of detrusor
stability and continence. A combined antimuscarinic regimen was evaluated as a
noninvasive alternative by Amend et al. [43] for patients who had neurogenic blad-
der dysfunction with incontinence, reduced bladder capacity, and increased intra-
vesical pressure. They added secondary antimuscarinics to the existing double-dose
antimuscarinics for patients who previously demonstrated unsatisfactory outcomes
with double-dose antimuscarinic monotherapy. The study drugs were tolterodine,
oxybutynin, and trospium. After a 4-week combined regimen, incontinence epi-
sodes decreased, and reflex volume, maximal bladder capacity, and detrusor com-
pliance increased. Side effects were comparable to those seen with normal-dose
antimuscarinics. Kosilov et al. [44—46] evaluated the effectiveness of cyclic therapy
of combined high-dose trospium and solifenacin depending on severity of OAB
symptoms in elderly men and women. They found that this therapy of high-dose
solifenacin and trospium in elderly patients with moderate or severe symptoms of
OAB enabled patients to maintain a longer therapeutic effect with an acceptable
level of side effects [44]. The effectiveness of combination therapy with two differ-
ent antimuscarinics was also evaluated in patients with severe symptoms of OAB
and BPH [46, 47]. Patients in the experimental group for 2 months received treat-
ment with a daily combination of solifenacin 5 mg and trospium 5 mg simultaneous
with tamsulosin 0.4 mg. Patients in the control group were treated only with tamsu-
losin. The authors concluded that combination of trospium and solifenacin in stan-
dard doses is an efficient and safe method for managing severe symptoms of OAB
over the course of treatment with tamsulosin in patients with OAB/BPH [47].
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However, in patients with OAB/BPH, the efficacy and side effects of combination
therapy using different antimuscarinics should be further evaluated.

Based on available results, it may be concluded that combined regimens are logi-
cal and seem to be effective when monotherapy fails. However, combinations need
further investigation to verify their efficacy and cost/benefit as noninvasive alterna-
tives to third-line treatments.

Agents for Possible Future Development

As described above, animal studies and preclinical and clinical research involving
modifications of existing options or directed at identifying novel pharmacological
principles involved in LUTS/OAB pathophysiology are ongoing. This has been
extensively discussed in several reviews [1-6]. Based on published information, the
International Consultation on Incontinence (ICI) classified drugs in development
depending on negative or positive proof-of-concept studies or as promising based
on animal data (Table 13.1) [1]. Currently, the most promising targets seem to be
purinergic receptors [48-51] and different members of the TRP channel family
[52-55]. However, even if P2X3receptor antagonists have a good rationale and are
currently being developed for treatment of nonbladder diseases, clinical experiences
in bladder disorders have not yet been reported. Several TRP channels, including
TRPV1, TRPV2, TRPV4, TRPMS, and TRPA1, are expressed in the bladder and
urethra and may act as sensors of stretch and/or chemical irritation. There seem to
be several links between activation of these channels and LUTS/OAB, and the ther-
apeutic potential for TRPV1 channel agonists (capsaicin, resiniferatoxin), which

Table 13.1 Current status of Negative proof of concept
possible future drugs/targets [1]

Potassium channel openers
Prostaglandin receptor antagonists

Positive proof of concept

Neurokinin receptor antagonists

Vitamin D3 receptor agonists

Monoamine reuptake inhibitors

Opioid receptor agonists
Cox inhibitors

Promising based on animal data

Rho-kinase inhibitors

Drugs acting on GABA receptors

Purinergic system—P2X3 receptor antagonists

Cannabinoid system—exocannabinoids, FAAH
inhibitors

TRP channel family—TRP channel antagonists

FAAH fatty acid amide hydrolase, TRP transient receptor
potential
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inactivate the channel, has been convincingly demonstrated. Several TRP channel
antagonists are in clinical development for nonbladder indications [55]. However,
published clinical experiences in lower urinary tract (LUT) dysfunction are scarce,
and the adverse effect of hyperthermia of the first-generation TRPV1 antagonists
has delayed development. Nevertheless, TRP channels still may be most exciting
targets for future LUT drugs.

References

1. Andersson KE, Cardozo L, Cruz F, Lee K-S, Suhai A, Wein AJ. Pharmacological treatment of
urinary incontinence. In: Abrams P, Cardozo L, Wagg A, Wein AJ, editors. Incontinence. 6th
ed. Bristol: ICI-ICS. International Continence Society; 2017. p. 805-957.

2. Yeo EK, Hashim H, Abrams P. New therapies in the treatment of overactive bladder. Expert
Opin Emerg Drugs. 2013;18(3):319-37.

3. Zacche MM, Giarenis I, Cardozo L. Phase II drugs that target cholinergic receptors for the
treatment of overactive bladder. Expert Opin Investig Drugs. 2014;23(10):1365-74.

4. Bechis SK, Kim MM, Wintner A, Kreydin EI. Differential response to medical therapy for
male lower urinary tract symptoms. Curr Bladder Dysfunct Rep. 2015;10:177-85.

5. Sacco E, Bientinesi R. Innovative pharmacotherapies for women with overactive bladder:
where are we now and what is in the pipeline? Int Urogynecol J. 2015;26(5):629—-40.

6. Andersson KE. Potential future pharmacological treatment of bladder dysfunction. Basic Clin
Pharmacol Toxicol. 2016;119(Suppl 3):75-85.

7. Salcedo C, Davalillo S, Cabellos J, Lagunas C, Balsa D, Pérez-Del-Pulgar S, et al. In vivo
and in vitro pharmacological characterization of SVT-40776, a novel M3 muscarinic receptor
antagonist, for the treatment of overactive bladder. Br J Pharmacol. 2009;156(5):807-17.

8. Song M, Kim JH, Lee KS, Lee JZ, Oh SJ, Seo JT, et al. The efficacy and tolerability of
tarafenacin, a new muscarinic acetylcholine receptor M3 antagonist in patients with overac-
tive bladder; randomised, double-blind, placebo-controlled phase 2 study. Int J Clin Pract.
2015;69(2):242-50.

9. Madhuvrata P, Cody JD, Ellis G, Herbison GP, Hay-Smith EJ. Which anticholinergic drug for
overactive bladder symptoms in adults. Cochrane Database Syst Rev. 2012;1:CD005429.

10. Sebastianelli A, Russo GI, Kaplan SA, McVary KT, Moncada I, Gravas S, et al. Systematic
review and meta-analysis on the efficacy and tolerability of mirabegron for the treatment of
storage lower urinary tract symptoms/overactive bladder: comparison with placebo and tolt-
erodine. Int J Urol. 2018;25(3):196-205.

11. Michel MC, Igawa Y. Therapeutic targets for overactive bladder other than smooth muscle.
Expert Opin Ther Targets. 2015;19(5):687-705.

12. Dmochowski RR, Staskin DR, Duchin K, et al. Clinical safety, tolerability and efficacy of
combination tolterodine/pilocarpine in patients with overactive bladder. Int J Clin Pract.
2014;68(8):986-94.

13. Biers SM, Reynard JM, Brading AF. The effects of a new selective beta3-adrenoceptor ago-
nist (GW427353) on spontaneous activity and detrusor relaxation in human bladder. BJU Int.
2006;98(6):1310-4.

14. Andersson KE, Martin N, Nitti V. Selective f3-adrenoceptor agonists for the treatment of over-
active bladder. J Urol. 2013;190(4):1173-8.

15. Igawa Y, Michel MC. Pharmacological profile of f3-adrenoceptor agonists in clinical devel-
opment for the treatment of overactive bladder syndrome. Naunyn Schmiedeberg's Arch
Pharmacol. 2013;386(3):177-83.



16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Future Considerations in Overactive Bladder Pharmacotherapy 227

Aizawa N, HommaY, Igawa Y. Effects of mirabegron, a novel f3-adrenoceptor agonist, on pri-
mary bladder afferent activity and bladder microcontractions in rats compared with the effects
of oxybutynin. Eur Urol. 2012;62(6):1165-73.

Rouget C, Rekik M, Camparo P, Botto H, Rischmann P, Lluel P, et al. Modulation of nerve-
evoked contractions by 3-adrenoceptor agonism in human and rat isolated urinary bladder.
Pharmacol Res. 2014;80:14-20.

. D’ Agostino G, Maria Condino A, Calvi P. Involvement of p3- adrenoceptors in the inhibi-

tory control of cholinergic activity in human bladder: direct evidence by [(3)H]-acetylcholine
release experiments in the isolated detrusor. Eur J Pharmacol. 2015;758:115-22.

. Gillespie JI, Rouget C, Palea S, Granato C, Korstanje C. Beta adrenergic modulation of spon-

taneous microcontractions and electrical field-stimulated contractions in isolated strips of rat
urinary bladder from normal animals and animals with partial bladder outflow obstruction.
Naunyn Schmiedeberg's Arch Pharmacol. 2015;388:719-26.

Andersson KE. On the site and mechanism of action of f3-adrenoceptor agonists in the blad-
der. Int Neurourol J. 2017;21(1):6-11.

Ohlstein EH, von Keitz A, Michel MC. A multicenter, double-blind, randomized, placebo-
controlled trial of the f3-adrenoceptor agonist solabegron for overactive bladder. Eur Urol.
2012;62(5):834-40.

Thiagamoorthy G, Giarenis I, Cardozo L. Early investigational B3 adreno-receptor ago-
nists for the management of the overactive bladder syndrome. Expert Opin Investig Drugs.
2015;24(10):1299-306.

Edmondson SD, Zhu C, Kar NF, Di Salvo J, Nagabukuro H, et al. Discovery of vibegron: a
potent and selective 33 adrenergic receptor agonist for the treatment of overactive bladder. J
Med Chem. 2016;59(2):609-23.

Di Salvo J, Nagabukuro H, Wickham LA, et al. Pharmacological characterization of a novel
beta 3 adrenergic agonist, vibegron: evaluation of antimuscarinic receptor selectivity for com-
bination therapy for overactive bladder. J Pharmacol Exp Ther. 2017;360(2):346-55.

Yoshida M, Takeda M, Gotoh M, Nagai S, Kurose T. Vibegron, a novel potent and selective
B3-adrenoreceptor agonist, for the treatment of patients with overactive bladder: a randomized,
double-blind, placebo-controlled phase 3 study. Eur Urol. 2018;73(5):783-90.

Edupuganti OP, Ovsepian SV, Wang J, Zurawski TH, Schmidt JJ, Smith L, et al. Targeted
delivery into motor nerve terminals of inhibitors for SNARE-cleaving proteases via liposomes
coupled to an atoxic botulinum neurotoxin. FEBS J. 2012;279(14):2555-67.

Kane CD, Nuss JE, Bavari S. Novel therapeutic uses and formulations of botulinum neurotox-
ins: a patent review (2012 - 2014). Expert Opin Ther Pat. 2015;25(6):675-90.

Tyagi P, Kashyap M, Yoshimura N, Chancellor M, Chermansky CJ. Past, present and future
of chemodenervation with botulinum toxin in the treatment of overactive bladder. J Urol.
2017;197(4):982.

Janicki JJ, Chancellor MB, Kaufman J, Gruber MA, Chancellor DD. Potential effect of lipo-
somes and liposome/encapsulated botulinum toxin and tacrolimus in the treatment of bladder
dysfunction. Toxins (Basel). 2016;8(3):81.

Chuang YC, Tyagi P, Huang CC, Yoshimura N, Wu M, Kaufman J, Chancellor MB. Urodynamic
and immunohistochemical evaluation of intravesical botulinum toxin a delivery using lipo-
somes. J Urol. 2009;182(2):786-92.

Kuo HC, Liu HT, Chuang YC, Birder LA, Chancellor MB. Pilot study of liposome-
encapsulated onabotulinumtoxina for patients with overactive bladder: a single-center study.
Eur Urol. 2014;65(6):1117-24.

Chuang YC, Kaufmann JH, Chancellor DD, Chancellor MB, Kuo HC. Bladder instillation
of liposome encapsulated onabotulinumtoxina improves overactive bladder symptoms: a pro-
spective, multicenter, double-blind, randomized trial. J Urol. 2014;192(6):1743-9.

Keith F, John C. Targeted secretion inhibitors-innovative protein therapeutics. Toxins (Basel).
2010;2(12):2795-815.



228 K.-E. Andersson

34. Kaplan SA, Roehrborn CG, Rovner ES, Carlsson M, Bavendam T, Guan Z. Tolterodine and
tamsulosin for treatment of men with lower urinary tract symptoms and overactive bladder: a
randomized controlled trial. JAMA. 2006;296(19):2319.

35. Kaplan SA, He W, Koltun WD, Cummings J, Schneider T, Fakhoury A. Solifenacin plus tam-
sulosin combination treatment in men with lower urinary tract symptoms and bladder outlet
obstruction: a randomized controlled trial. Eur Urol. 2013;63(1):158-65.

36. Van Kerrebroeck P, Haab F, Angulo JC. Efficacy and safety of solifenacin plus tamsulosin
OCAS in men with voiding and storage lower urinary tract symptoms: results from a phase 2,
dose-finding study (SATURN). Eur Urol. 2013;64(3):398-407.

37. Van Kerrebroeck P, Chapple C, Drogendijk T, NEPTUNE Study Group. Combination therapy
with solifenacin and tamsulosin oral controlled absorption system in a single tablet for lower
urinary tract symptoms in men: efficacy and safety results from the randomised controlled
NEPTUNE trial. Eur Urol. 2013;64(6):1003-12.

38. Abrams P, Kelleher C, Staskin D, Rechberger T, Kay R, et al. Combination treatment with
mirabegron and solifenacin in patients with overactive bladder: efficacy and safety results
from a randomised, double-blind, dose-ranging, phase 2 study (symphony). Eur Urol.
2015;67(3):577-88.

39. Yamaguchi O, Kakizaki H, Homma Y, Igawa Y, Takeda M, Nishizawa O, et al. Safety
and efficacy of mirabegron as ‘add-on’ therapy in patients with overactive bladder treated
with solifenacin: a post-marketing, open-label study in Japan (MILAI study). BJU Int.
2015;116(4):612-22.

40. Drake MJ, Chapple C, Sokol R, Oelke M, Traudtner K, Klaver M et al. NEPTUNE Study
Group. Long-term safety and efficacy of single-tablet combinations of solifenacin and tam-
sulosin oral controlled absorption system in men with storage and voiding lower urinary tract
symptoms: results from the NEPTUNE study and NEPTUNE II open-label extension. Eur
Urol. 2015;67(2):262-70.

41. Drake MJ, Sokol R, Coyne K, Hakimi Z, Nazir J, Dorey J, et al. NEPTUNE study group.
Responder and health-related quality of life analyses in men with lower urinary tract symp-
toms treated with a fixed-dose combination of solifenacin and tamsulosin oral-controlled
absorption system: results from the NEPTUNE study. BJU Int. 2016;117(1):165-72.

42. XuY, Liu R, Liu C, Cui Y, Gao Z. Meta-analysis of the efficacy and safety of mirabegron add-
on therapy to solifenacin for overactive bladder. Int Neurourol J. 2017;21(3):212-9.

43. Amend B, Hennenlotter J, Schéfer T, Horstmann M, Stenzl A, Sievert KD. Effective treat-
ment of neurogenic detrusor dysfunction by combined high-dosed antimuscarinics without
increased side-effects. Eur Urol. 2008;53(5):1021-8.

44. Kosilov K, Loparev S, Iwanowskaya M, Kosilova L. Effectiveness of combined high-dosed
trospium and solifenacin depending on severity of OAB symptoms in elderly men and women
under cyclic therapy. Cent European J Urol. 2014;67(1):43-8.

45. Kosilov KV, Loparev SA, Ivanovskaya MA, Kosilova LV. Randomized controlled trial of cyclic
and continuous therapy with trospium and solifenacin combination for severe overactive blad-
der in elderly patients with regard to patient compliance. Ther Adv Urol. 2014;6(6):215-23.

46. Kosilov K, Loparev S, Ivanovskaya M, Kosilova L. Additional correction of OAB symptoms
by two anti-muscarinics for men over 50 years old with residual symptoms of moderate pros-
tatic obstruction after treatment with Tamsulosin. Aging Male. 2015;18(1):44-8.

47. Kosilov KV, Loparev SA, Ivanovskaya MA, Kosilova LV. Effectiveness of solifenacin and tro-
spium for managing of severe symptoms of overactive bladder in patients with benign prostatic
hyperplasia. Am J Mens Health. 2016;10(2):157-63.

48. Ford AP, Cockayne DA. ATP and P2X purinoceptors in urinary tract disorders. Handb Exp
Pharmacol. 2011;202:485-526.

49. Ford AP, Undem BJ. The therapeutic promise of ATP antagonism at P2X3 receptors in respira-
tory and urological disorders. Front Cell Neurosci. 2013;7:267.

50. North RA, Jarvis MF. P2X receptors as drug targets. Mol Pharmacol. 2013;83:759-69.

51. Andersson KE. Purinergic signalling in the urinary bladder. Auton Neurosci. 2015;191:78-81.



13 Future Considerations in Overactive Bladder Pharmacotherapy 229

52. Avelino A, Charrua A, Frias B, Cruz C, Boudes M, de Ridder D, Cruz F. Transient receptor
potential channels in bladder function. Acta Physiol (Oxf). 2013;207:110-22.

53. Deruyver Y, Voets T, De Ridder D, Everaerts W. Transient receptor potential channel modula-
tors as pharmacological treatments for lower urinary tract symptoms (LUTS): myth or reality?
BJU Int. 2015;115:686-97.

54. Franken J, Uvin P, De Ridder D, Voets T. TRP channels in lower urinary tract dysfunction. Br
J Pharmacol. 2014;171:2537-51.

55. Moran MM. TRP channels as potential drug targets. Annu Rev Pharmacol Toxicol.
2018;58:309-30.



®

Check for
updates

Chapter 14
Considerations in Pediatric Overactive
Bladder

Alyssa Greiman and Andrew A. Stec

Introduction

Overactive bladder is a term used to describe the symptoms of urgency with or
without urgency incontinence that is not the direct result of a known neurologic
abnormality. This is in contrast to neurogenic detrusor overactivity which, in chil-
dren, is most commonly caused by dysraphic malformations such as myelomenin-
gocele. The treatment of non-neurogenic overactive bladder in children involves a
multimodal approach including behavioral modification and biofeedback and, in
refractory cases, can include pharmacotherapy with antimuscarinic medication. In
the neurogenic population, there is good data that antimuscarinics increase bladder
capacity and compliance and decrease involuntary detrusor contractions. However,
pediatric non-neurogenic overactive bladder can be a difficult condition to diagnose
and treat as children present with variable symptom profiles.

In this chapter we aim to outline the pharmacologic treatment options for pediat-
ric overactive bladder in cases where conservative management with education, uro-
therapy, and biofeedback has proven unsuccessful. The focus of this chapter is the
use of pharmacotherapy for pediatric non-neurogenic overactive bladder; however,
as the majority of studies, especially those leading to FDA approval of oxybutynin
are in children with neurogenic overactive bladder, we will also present this data for
the sake of completeness.

Notable limitations in drug development for pediatric overactive bladder include
the fact that pediatric overactive bladder has a different underlying etiology and
pathophysiology compared to adult overactive bladder and that debate still exists
regarding the most suitable endpoints for assessment of the clinical effectiveness of
these medications.
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Neurogenic Overactive Bladder

The goals of medical management for neurogenic bladder dysfunction are to
improve continence and to achieve a bladder with normal capacity and compliance
that can completely eliminate urine while protecting the kidneys. In those individu-
als with incomplete bladder emptying, this is primarily accomplished with clean
intermittent catheterization and pharmacologic therapy. Several antimuscarinic
drugs approved in adults have been evaluated for pediatric neurogenic bladder dys-
function. Oxybutynin was the first drug formally approved for use in pediatric neu-
rogenic bladder, followed by tolterodine. Solifenacin pediatric neurogenic bladder
drug trials are finished, and the drug is awaiting approval from the US Food and
Drug Administration. These medications and the data supporting their use in pedi-
atric neurogenic overactive bladder form the basis for the same medications’ use in
the non-neurogenic population.

Non-neurogenic Overactive Bladder

Numerous classifications are used for children presenting with functional urinary
symptoms once neural and anatomic abnormalities are ruled out. In 2006, the
International Children’s Continence Society released standardized terminology to
provide guidelines for classification and communication about lower urinary tract
symptoms in children. Per this classification, overactive bladder (OAB) is “uri-
nary urgency, usually accompanied by frequency and nocturia, with or without
urinary incontinence, in the absence of urinary tract infection or other obvious
pathology” [1].

The natural history of overactive bladder in children is not well understood. It
was previously postulated that detrusor overactivity in children was idiopathic or
due to maturational delay. Currently, causation thoughts focus on pediatric OAB
being more likely associated with feed-forward loops from the generation of a
high-pressure system during voiding or filling. This is in contrast to the adult
population where overactive bladder is considered a chronic condition whose
origin is unrelated to functional use [2]. It is difficult to assess the prevalence of
overactive bladder in children due to significant variability in definitions of the
condition used across pediatric studies. Primary outcome variables that are most
consistent across studies are daytime versus nighttime incontinence. Associated
daytime symptoms are inconsistently investigated. Nonetheless, daytime or com-
bined daytime and nighttime incontinence at least once a week is reported to
occur in about 2-4% of 7-year-old children [3, 4], with two large studies report-
ing overall prevalence of OAB in children as high as 15-20% [5, 6]. The preva-
lence of OAB appears to decrease with age from 23% at 5 years of age down to
12.2% at 13 years of age [6].
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Treatment of overactive bladder in children focuses on improving voiding
dynamics and storage properties of the bladder to minimize urinary symptoms and
incontinence. Pharmacotherapy is used to decrease involuntary detrusor contraction
and expand the child’s bladder capacity. The main objectives of treatment are to
normalize the micturition pattern, bladder and pelvic floor overactivity, and cure
incontinence [2]. Treatment usually involves a multimodal approach starting with
behavioral modifications, moving to adjunctive biofeedback and pelvic floor ther-
apy, and in refractory cases, addition of antimuscarinic medications.

Non-pharmacologic Treatment of Overactive Bladder

The initial treatment of daytime urinary incontinence in children does not focus on
medication, instead it involves a behavioral and cognitive approach. Initially, the
child and parents are educated about normal bladder function and appropriate mic-
turition schedules and techniques. They are educated on recognizing signs such as
urinary urgency; and timed voiding regimens are instituted. If present, recurrent
associated urinary tract infections and constipation are managed as part of a first-
line therapy. The aim of urotherapy—a combination of education, timed voiding,
and appropriate position for voiding, with or without physical therapy—is to nor-
malize the micturition pattern and prevent functional disturbances.

There is no set format for urotherapy, and many clinical studies utilize differ-
ent therapy regimens, making it difficult to standardize the evaluation of a treat-
ment method’s success. A Danish report of the outcomes of using standard
urotherapy alone in 240 children with daytime incontinence noted achievement
of dryness in 55% of children aged 4 to 16 [7]. When an alarm such as a timer
watch was utilized as a reminder to void at regular intervals, up to 70% of chil-
dren became dry, with equal success report using a non-contingent versus con-
tingent alarm system [8].

Biofeedback, a technique where physiological bladder voiding and storage activ-
ity is monitored and conveyed to the patient as real-time visual or acoustic signals,
can provide children with information about their unconscious physiological pro-
cesses. It is commonly used to help children identify how to relax pelvic floor mus-
cles or to recognize involuntary detrusor contractions. This technique is used to
teach pelvic floor muscle relaxation with proper urethral sphincter coordination
with the use of EMG electrodes and physical and visual biofeedback. While the
results of biofeedback are generally positive when utilized as an adjunctive to uro-
therapy, there is no evidence that it is superior to urotherapy alone. Vasconcelos
et al. randomized 56 children with urinary incontinence into two voiding training
programs, one of which also included biofeedback. After a 3-month training pro-
gram, 42.8% of children with daytime enuresis were cured at 1 month, and 72.4%
were cured at 1 year. Compliance with the regimen was noted to play a large role in
success. This study found that there was no difference in cure rates with the addition
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of biofeedback, although this group was noted to have a statistically significant
decrease in PVR which was not clinically significant [9]. In the authors’ opinion,
biofeedback is useful and has success in patients with overactive bladder symptoms
who do not respond to urotherapy alone. As it is noninvasive, it is second line in the
treatment of these pediatric patients prior to initiating pharmacotherapy.

Antimuscarinic Pharmacotherapy

Antimuscarinic drugs are the primary pharmacologic treatment option available for
the treatment of detrusor overactivity. Antimuscarinic medications target involun-
tary contractions of the detrusor muscle, which are mediated by parasympathetic
stimulation of muscarinic receptors on the bladder, causing bladder overactivity [2,
10]. Most antimuscarinics are tertiary amines that are metabolized by the P450
enzyme system into active metabolites [11]. These metabolites act as competitive
antagonists of the muscarinic receptors on the wall of the detrusor muscle wall,
reversibly binding to M2 and M3 receptors, to relax the detrusor muscle, thereby
increasing bladder capacity and compliance while decreasing detrusor contractions.
Unfortunately, these drugs also bind to M1 receptors found in the brain, salivary
glands, and sympathetic ganglia resulting in the side effects of blurry vision, dry
mouth, dry eyes, and constipation, among others. Though these side effects are
reportedly less frequent and bothersome in children compared to adults, they do
impact compliance with medication therapy [12—14]. While seven different anti-
muscarinics are marketed for the treatment of detrusor overactivity in adults, only
oxybutynin and tolterodine are currently approved for the treatment of pediatric
neurogenic detrusor overactivity in North America, and only oxybutynin is approved
for the treatment of pediatric overactive bladder [15]. To date, no single antimusca-
rinic drug has been shown to be superior to another in the adult or pediatric popula-
tion [16, 17], though there is some evidence that the extended-release formulations
are more efficacious than the immediate-release formulations with an improved side
effect profile [18].

Oxybutynin

The immediate-release (IR) and extended-release (ER) formulations of oxybutynin
are currently the only pharmacological agents approved for the treatment of OAB in
children in North America [19]. Oxybutynin was first formally approved for use in
children with neurogenic detrusor overactivity in 2003 [20-23]. Oxybutynin is a
tertiary amine that undergoes first-pass metabolism in the liver, with N-desethyl-
oxybutynin as the primary metabolite. This has a high affinity for M3 and M1 recep-
tors, resulting in a side effect profile that limits its use [24]. More recently, the ER
formulation of oxybutynin has been approved for use in children. The
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extended-release formulation utilizes a delivery system, whereby the medication is
absorbed in the large intestine, bypassing first-pass metabolism in the liver, leading
to decreased amount of active metabolite and an improved tolerability profile.
Unfortunately, this delivery system requires an intact tablet that cannot be cut or
crushed, making administration difficult in young children [2]. Oxybutynin IR is
administered orally in a dosage of 0.2-0.6 mg/kg/day split over two to three doses,
with a maximum recommended dose of 15 mg/kg/day. Oxybutynin ER is adminis-
tered once daily, swallowed intact, and can be increased from 5 mg up to 20 mg/day.

Although oxybutynin is FDA approved for use in children, no studies have com-
pared it to placebo. Its use is based on small observational studies and is extrapo-
lated from use in adults [25]. Franco et al. evaluated the efficacy and safety of
oxybutynin in children with detrusor hyperreflexia due to neurogenic bladder. This
prospective open-label trial evaluated 3 formulations (tablets, syrup, and extended-
release tablets) for 24 weeks in 116 children who already used oxybutynin and clean
intermittent catheterization with a 3-day washout period prior to study initiation.
This study found that mean urine volume per catheterization increased on average
by 25.5 ml (p < 0.001), with a maximal cystometric capacity increase of 75.4 ml
(» <0.001) as well as a corresponding decrease in detrusor and intravesical pressure
of —=9.2 (p <0.001) and — 7.5 (p < 0.004) cm H20O. All three formulations were well
tolerated with the most common side effect being urinary tract infection in 49.1%,
headache in 8.6%, and constipation in 7.8%. No patients terminated the study pre-
maturely [23]. When evaluating 81 children diagnosed with neuropathic bladder
sphincter dysfunction due to myelodysplasia on oxybutynin IR with mean follow-
up duration of 4.5 years, mean cystometric capacity was increased by an average of
29 ml (p < 0.05), and compliance was significantly improved from a mean of 6.5 to
9.6 ml/ecm H20 (p < 0.05) [20]. In 2002, a retrospective study on 25 children treated
with oxybutynin ER, 14 of which had neurogenic bladder dysfunction and 11 of
which had non-neurogenic overactive bladder, was published. This study noted
100% of patients having improvement in incontinence or voiding dysfunction on a
semiquantitative questionnaire. Fifty-two percent of patients experienced side
effects (dry mouth, constipation, heat intolerance, and drowsiness). Families
reported better compliance using oxybutynin ER compared to the IR formulation
with similar or fewer side effects and 21 of 25 patients continued to use the medica-
tion at last follow-up [21].

There are even fewer studies assessing the efficacy of oxybutynin in non-
neurogenic detrusor overactivity in children, none of which are randomized or dou-
ble blinded. Curran et al. conducted a retrospective review assessing the efficacy of
several agents, including oxybutynin, in children with non-neurogenic detrusor
overactivity confirmed by urodynamics who were refractory to behavioral therapy.
In these 30 children, 18 of whom were on oxybutynin, 87% experienced complete
resolution or significant improvement in their symptoms, with 38% of patients con-
tinuing on the medication after a mean follow-up of 4.7 years [26].

There is limited data on the use of the transdermal oxybutynin patch in children.
This formulation comes in an adhesive patch delivering 3.9 mg of oxybutynin per
day and needs to be changed twice a week to dry, intact skin. Up to two patches can
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be applied if the initial dose is unsatisfactory. In an open-label, dose titration, ran-
domized, parallel group study, 57 children age 6—15 years with neurogenic detrusor
overactivity were assigned randomly at a 3:1 ratio to treatment with transdermal or
oral oxybutynin for 12 weeks. At the end of the 12 weeks, mean urine volume
increased from 95 to 125 ml (p < 0.001) with transdermal oxybutynin and from 114
to 166 ml (p < 0.002) with oral oxybutynin. Both patient groups achieved significant
increases from baseline in percentage of catheterizations without leakage (25%
increase for transdermal and 24% increase for oral oxybutynin). Adherence to trans-
dermal oxybutynin was 107% (due to changes of patch more frequently on occasion
of loss of adhesion) compared to 86% to oral oxybutynin. Regarding safety, 28% of
children had a mild skin reaction to the transdermal patch, and one child experi-
enced vasodilation with oral oxybutynin [22]. In the only study to evaluate transder-
mal oxybutynin for the management of non-neurogenic overactive bladder in
children, 35 children age 4-16 were followed for a minimum of 3 months with 97%
reporting a good symptom response. Mean bladder capacity increased from 104 ml
to 148 ml at 3 months. Skin irritation occurred in 35% of children, with 20% discon-
tinuing the medication due to this irritation [27].

Intravesical oxybutynin instillation, prepared by crushing and dissolving a 5 mg
tablet of oxybutynin in 30 ml of distilled water, has been studied in children with
neurogenic detrusor overactivity. No data exists in patients with non-neurogenic
overactive bladder, likely due to the need for catheterization. Greenfield et al.
administered intravesical oxybutynin chloride to ten children with neurogenic blad-
der who had incontinence refractory to oral anticholinergic medications and inter-
mittent catheterization with 50% of children becoming completely dry day and
night, 30% achieving daytime continence, and 20% showing no improvement on
twice daily dosing. Urodynamics revealed up to a 335% increase in bladder capacity
and a 63% decrease in maximum filling pressure with no local or systemic side
effects [28].

Tolterodine

Tolterodine is the first antimuscarinic agent designed specifically for use in detrusor
overactivity and is felt to be more bladder selective as it acts on M2 and M3 recep-
tors, with a greater affinity for the bladder compared to other organs and therefore
is associated with fewer side effects [2]. An additional benefit is that the delivery
system is such that the capsule may be cracked and sprinkled onto food for easier
administration for children. While tolterodine is approved for pediatric use in neu-
rogenic bladder, it is not yet approved for children with non-neurogenic detrusor
overactivity, though there are several studies which demonstrate safety and efficacy
in this patient population. Tolterodine is available as a solution, IR and ER tablets
and is dosed from 0.5 to 8 mg per day. Drug formulation and dosing are based on
age; children aged 4 months to 4 years are started on tolterodine oral solution 0.2 mg
twice daily and can be titrated up to 2 mg twice daily as tolerated for symptom
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control. For children aged 5-10 years who cannot tolerate swallowing a pill, toltero-
dine oral solution is started at 0.5 mg twice daily and titrated up to 4 mg twice daily
as needed. For children aged 11-16 who can swallow pills, the preferred formula-
tion is tolterodine ER, starting at 2 mg daily and titrating up to 6 mg as tolerated.

Among children with neurogenic overactive bladder, three open-label, dose-
escalating studies were conducted on children with neurogenic detrusor overactivity
in three age groups: 1 month—4 years, 5-10 years, and 11-15 years who were pre-
scribed tolterodine for 4 weeks. This study found a dose-related increase in volume
to first detrusor contraction and cystometric capacity up to 2 mg doses, at which
point thereafter, there was no dose-related improved response. Tolterodine was gen-
erally well tolerated at each dose in all age groups with the most common adverse
events of constipation (9-20%) and headache (7%) not increasing in incidence with
escalating doses [29]. Another group of children with neurogenic detrusor hyper-
reflexia aged 3 months to 15 years were prescribed tolterodine IR 0.1 mg/kg twice
daily as either first-line therapy or replacing oxybutynin. The mean bladder capacity
was shown to increase by 44%, with mean detrusor compliance increasing by 55%
and mean maximum detrusor pressure decreasing by 46%. Additionally, 40% of
incontinent children became completely or almost continent on tolterodine. There
was no difference in the urodynamic effects of oxybutynin versus tolterodine; how-
ever tolterodine was noted to be better tolerated [30].

When evaluating the safety and efficacy of tolterodine in children with non-
neurogenic overactive bladder, an open-label dose escalation study of 33 children
treated with tolterodine IR 0.5, 1, or 2 mg twice daily for 14 days found a mean
decrease of 21% in micturition frequency and a 44% decrease from baseline in the
number of incontinence episodes with no associated elevation in post-void residual.
The 1 mg dose was best tolerated, with 10 of the 13 adverse events occurring in the
2 mg group [31]. In a prospective crossover study of 34 children with non-neurogenic
detrusor overactivity who were crossed over from oxybutynin to tolterodine 1-2 mg
BID, the efficacy was found to be comparable to oxybutynin with 68% of children
reporting a greater than 90% reduction in wetting episodes. Tolterodine was better
tolerated, with 59% noting no side effects after previously reporting side effects on
oxybutynin and 18% noting a decrease in the severity of side effects on tolterodine.
Tolterodine was discontinued in 24% of children during this year-long study [32].
The results of two double-blind, placebo-controlled trials in children age 5—11 with
non-neurogenic urgency urinary incontinence suggestive of detrusor overactivity
randomized to 2 mg of tolterodine ER or placebo for 12 weeks did not find statisti-
cally significant improvement in difference in incontinence episodes per week,
voids per 24 h, and volume of urine per voids [33]. However, secondary analysis of
these patients who continued to receive tolterodine ER 2 mg daily for 12 months
found that tolterodine was well-tolerated. During this study period, 12% of patients
withdrew due to lack of efficacy and 3% withdrew because of side effects with an
additional 8% of patients being noncompliant with taking the study medication. The
most frequently reported adverse events were UTI (7%), nasopharyngitis (5%), and
headaches (5%) [34]. Reinberg et al. conducted an open-label parallel group retro-
spective study in which children with diurnal incontinence were arbitrarily assigned
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to oxybutynin ER, tolterodine IR, or tolterodine ER. The children were started on
the lowest dose and titrated up as needed. The study concluded that oxybutynin ER
and tolterodine ER were significantly better than tolterodine IR in improving diur-
nal incontinence and urinary frequency and that oxybutynin ER was significantly
more effective than tolterodine ER in resolving diurnal incontinence [35].

Solifenacin

Solifenacin is another once daily long-acting oral antimuscarinic that acts selec-
tively on the M3 receptor antagonist and is associated with fewer systemic side
effects than oxybutynin and is available in 5 mg or 10 mg tablets. In a prospective,
open-label study of 72 children with both non-neurogenic and neurogenic overac-
tive bladder refractory to oxybutynin or tolterodine followed for a minimum of
3 months, solifenacin was found to increase mean urodynamic bladder capacity
from 146 to 311 ml and to decrease uninhibited bladder contractions from 70 to
20 cm H20. Continence improved in all patients. Four patients withdrew from the
study due to intolerable side effects, with 69% of children noting no side effects
[36]. Among 99 children with therapy resistant non-neurogenic overactive bladder
started on solifenacin 5 mg for at least 3 months, 85% of children responded to
therapy, with 45% becoming completely dry. The mean voided volume increased on
average by 25%. Only 6.5% of children reported a side effect, compared to 39% on
their prior antimuscarinic therapy [37].

Trospium Chloride

Trospium chloride is an alternative antimuscarinic available in tablet form and taken
in twice daily doses of 10, 15, 20, or 25 mg or a once daily formulation. Trospium
chloride differs from other muscarinic antagonists in that it has negligible affinity
for nicotinic receptors and therapeutic doses and therefore may have fewer associ-
ated side effects. Additionally, as a quaternary ammonium cation, it stays in the
periphery rather than crossing the blood-brain barrier and may have fewer neuro-
logic side effects. It should be noted that absorption is affected by food intake and
significant intraindividual and interindividual variability in bioavailability is noted
in adults [2]. One single-blind, randomized control trial of 58 neurologically intact
children aged 5-13 years old with urodynamically proven detrusor instability and
symptoms of urinary urgency and incontinence has been performed to date. Children
were randomly allocated to 10, 15, 20, or 25 mg of trospium chloride or placebo for
21 days. Response rates were assessed by incontinence episodes and urodynamic
parameters. Of the 50 patients treated with trospium chloride, 82% had a positive
therapeutic result versus 37.5% on placebo. On urodynamics, mean decrease in
number of contractions was 54.3%, mean contraction pressure decreased by 19.3%),
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and mean volume at first contraction increased by 71.4%. Only four patients expe-
rienced side effects thought to be related to the medication including headache,
dizziness, abdominal cramps, and dry mouth. Treatment compliance was high at
96.7% over the study period [38].

Propiverine

Propiverine, an antimuscarinic which possesses a second mode of action by inhibit-
ing calcium influx and modulating intracellular calcium in urinary bladder smooth
muscle cells in a concentration-dependent manner, is available in Europe and Asia
in IR and ER formulation. Propiverine has been assessed in children in a multi-
center, placebo-controlled, double-blind study where 171 children with non-
neurogenic detrusor overactivity who had at least 8 or more micturition episodes per
day and at least 1 incontinence episode per week were initially treated with 3 weeks
of urotherapy and then were randomized to 8 weeks of medical therapy with propiv-
erine or placebo. Voiding frequency per day was reduced by 20%, or 2 voids per
day, with propiverine compared to 11%, or 1.2 voids per day, with placebo
(p < 0.0007). A decrease of at least 1.5 voids per day was achieved in 64.3% of
patients on propiverine compared to 40% with placebo (p = 0.0018). Incontinence
episodes were decreased by 0.5 episodes with propiverine compared to 0.2 episodes
per day with placebo (p = 0.0005). The mean voided volume increased by about
30 ml on average for propiverine compared to 5 ml for placebo (p = 0.0001) [39].

Fesoterodine

Fesoterodine is the newest ER antimuscarinic agent in the USA and is available in
4 mg or 8 mg tablets. This medication is similar to tolterodine but with less pharma-
cokinetic variability. There is no data to date on its efficacy in children; however
recruitment for a randomized, double-blind, crossover study comparing fesotero-
dine and oxybutynin ER in children with OAB is currently underway [25].

Dual Therapy

Combination therapy with two antimuscarinic medications simultaneously has been
minimally studied in children with both neurogenic and non-neurogenic detrusor
overactivity with promising results. In a study of 56 children with neurogenic and
non-neurogenic detrusor overactivity who had insufficient response to an optimized
dose of oxybutynin or tolterodine monotherapy, dual therapy with a combination of
oxybutynin, tolterodine, and/or solifenacin for a mean therapy course of 36 months
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was initiated. The primary end point was continence. In total, 23 patients (41%)
became dry, 18 (32%) improved significantly, and 15 (27%) improved moderately.
Urodynamic capacity improved from 158 mL to 359 mL. The reported overall suc-
cess rate was 82%, and eight patients (14%) discontinued treatment for unsatisfac-
tory clinical response. Of note, 50% of children experienced mild-to-moderate side
effect, and two patients withdrew from the study due to their side effects [40]. More
recently, a prospective study of 72 children with refractory non-neurogenic overac-
tive bladder on oxybutynin monotherapy were treated with add-on trospium. On
dual antimuscarinic therapy, 68% of children noted a good response compared to
monotherapy with 22% achieving complete dryness. Treatment was discontinued in
29% of children for persistent symptoms with no improvement on dual therapy.
Though 57% of children reported no adverse effects, 2.7% discontinued treatment
due to intolerable side effects [41].

Novel Pharmacological Treatment of Overactive Bladder
p3-Agonists

Mirabegron is a f3-agonist that works to relax the detrusor smooth muscle during
storage by activating the f3-receptor. 33-adrenoreceptors are found in urinary blad-
der smooth muscle and mediate detrusor muscle relaxation via a complex mecha-
nism which includes inhibiting bladder smooth muscle cells excitability as well as
having an inhibitory effect on cholinergic nerve terminals. Mirabegron is approved
for the treatment of overactive bladder in adults in the USA and is available in 25
and 50 mg ER tablets. Though there is scarce data on the use of mirabegron in the
pediatric population, initial results are promising. A prospective, off-label study of
28 children with non-neurogenic overactive bladder who were intolerant or refrac-
tory to antimuscarinics was treated with 25-50 mg of mirabegron for a median of
11.5 months. Median bladder capacity improved from 150 to 200 ml (p < 0.001),
with continence improving in 90% of children, including 22% who became com-
pletely dry. Mild-to-moderate side effects were reported in 13.7% of children, with
three children discontinuing mirabegron due to intolerable side effects including
nasopharyngitis, nausea, and changes in behavior. There was no change in blood
pressure, heart rate, or electrocardiogram [42]. There is also some emerging litera-
ture that the use of add-on regimens of mirabegron in the pediatric population with
refractory overactive bladder may be well tolerated and efficacious. Morin et al.
conducted a prospective off-label study of 35 children with non-neurogenic overac-
tive bladder refractory to urotherapy and antimuscarinics. Children were prescribed
25-50 mg of mirabegron in addition to their original antimuscarinic (solifenacin,
oxybutynin, or fesoterodine) for a median treatment duration of 16.4 months. All
patients noted significant improvement in the continence, with 34% having com-
plete dryness. Median voided volumes improved on average by 25% or 102 ml.
Again, no change in blood pressure, heart rate, or electrocardiograms was observed.
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While 80% of children did not note any adverse events, 14% had mild adverse
events, 3% experienced moderate rhinitis, and two patients discontinued treatment
due to either rhinitis or an elevated PVR of 50 ml [43].

Botulinum Toxin

Botulinum toxin A is a neurotoxin protein produced by the bacteria Clostridium
botulinum that prevents the release of neurotransmitter acetylcholine at the neuro-
muscular junction, thereby causing flaccid paralysis.

Botulinum toxin A, while approved for adults with overactive bladder, is cur-
rently only offered as an off-label option for children with refractory overactive
bladder. The most studied formulation in the pediatric population is onabotulinum-
toxinA (BTX), with a suggested age threshold of 3 years dosed at 5-10 units per
kilogram [44]. In 2003, children with refractory neurogenic overactive bladder and
detrusor pressures over 40 cm H20O on anticholinergic therapy underwent injection
of BTX 12 U/kg up to a maximum of 300 U divided over 30-50 sites. At 4-week
follow-up, mean bladder capacity increased from 163 ml to 219 ml with detrusor
pressure decreasing from 59.6 cm H20 to 34.9 cm H2O. The effects were noted to
last approximately 6 months [45]. Among children with non-neurogenic overactive
bladder, 21 children with decreased bladder capacity and urge incontinence were
treated with 100 U of BTX injected into the detrusor muscle. Of the 15 children who
completed long-term follow-up, 9 children (60%) had a complete response with
complete resolution of urgency and incontinence with a mean increase in bladder
capacity from 167 to 271 ml, and an additional 3 patients had a partial response
(20%). Side effects included ten-day temporary urinary retention in one child and
transient vesicoureteral reflux in another [46]. The limitation to BTX in the pediat-
ric non-neurogenic overactive bladder population is that this procedure must be
performed in many cases under general anesthesia, and, with a 2-9% risk of urinary
retention, these sensate children and their families must be informed and willing to
perform clean intermittent catheterization before having the procedure.

Conclusion

Overactive bladder is a common pediatric condition that can be difficult to diagnose
and treat, especially due to the variability in presenting symptoms as well as under-
lying pathology. Initial management should include education of the parents and
children on normal bladder physiology and initiation of urotherapy with timed,
appropriate positioned voiding and management of constipation. Biofeedback can
be added when initial conservative therapies fail. After these conservative measures,
oxybutynin remains the only pharmacological treatment approved in North America
for pediatric non-neurogenic overactive bladder. Though the limited number of
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randomized controlled trials makes assessment of the pharmacotherapy manage-
ment options difficult, there are many alternatives that have been studied and may
provide off-label treatment options for children OAB refractory to urotherapy.
Further research with well-established clinically relevant endpoints is required to
determine the optimal treatment regimen for children with refractory overactive
bladder.
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Chapter 15 )
Considerations in Male Overactive Bladder

Check for
updates

Alex Gomelsky, Emily F. Kelly, and Rebecca Budish

Introduction and Definitions

As in their female counterparts, lower urinary tract symptoms (LUTS) in men are
highly prevalent and impactful. In nearly 6500 men aged 40-79 from 2 population-
based studies, the prevalence of LUTS (International Prostate Symptom Score
(I-PSS) > 8) was up to 25.6% and was similar to the reported rate of hypertension [1].
Overall, severe LUTS (I-PSS >20) affected 3.3% of men in this age group, a rate
roughly similar to stroke (2.2%), cancer (4.5%), or heart attack (4.5%). A 10-point
increase in [-PSS was associated with a 3.3-point reduction in the Medical Outcomes
Study Short Form-12 (SF-12) physical health component score, which was greater
than the score reduction caused by cancer, diabetes, or hypertension (2 points each).

LUTS increase as men age, and, in the UK alone, the prevalence increased from
3.5% in men aged 45-49 to >30% in men aged >85 [2, 3]. Increasing LUTS severity
has also been associated with worse health-related quality of life (HRQoL) in the
US Health Professionals Follow-up Study of over 8400 men [4]. The difference in
mean SF-36 between those with mild and severe LUTS scores was 10.5 for the
physical function domain, 24.7 for physical role, 9.6 for bodily pain, 13.5 for gen-
eral health perceptions, 15.7 for vitality, 13.8 for emotional role, 7.0 for mental
health, and 8.3 for social function. Comparisons of the patient group with severe
LUTS with four other chronic illness groups (hypertension, diabetes, angina, and
gout) showed vitality/energy, role functioning, and depressed and anxious feelings
to be poorer in the severe LUTS group than in those with the other conditions.
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Finally, the socioeconomic impact of LUTS diagnosis and treatment has been found
to be, likewise, significant [2].

While voiding LUTS are most commonly associated with bladder outlet obstruc-
tion (BOO), the connection between storage LUTS stemming from benign prostatic
enlargement/benign prostatic obstruction (BPE/BPO) and overactive bladder (OAB)
is an inconsistent one. The pathophysiology of LUTS in men is not well character-
ized, and traditionally, both storage and voiding LUTS in men have been attributed to
BOO from benign prostatic hypertrophy (BPH). However, detrusor overactivity (DO)
in the absence of BOO has been shown to be a common finding. Hyman et al. found
that >40% of 160 men with persistent LUTS had DO but had no evidence of BOO
[5]. In another report, videourodynamic studies of 137 men <50 years of age with
chronic voiding dysfunction revealed primary bladder neck obstruction in 54%, pseu-
dodyssynergia in 24%, impaired bladder contractility in 17%, bladder acontractility
in 5%, and DO in 49% [6]. These young men presumably did not have BPE/BPO.

The diagnosis and treatment of OAB and storage LUTS in women are relatively
well-established; however, the same scenario in men may be more challenging. Is
the OAB a primary phenomenon that will respond to the typical armamentarium, or
is it secondary to BOO and treatment for BOO should be undertaken first? The
objective of this chapter is to elucidate the pathophysiology behind BPE/BOO and
OAB, as well as to evaluate the available treatment options for efficacy and safety.
The common nomenclature and definitions used in this chapter are in Table 15.1 [7,
8]. For consistency, our discussion will focus on neurologically intact male, with no
history of radical prostatectomy or pelvic radiation.

Table 15.1 Definitions of terms used in this chapter

Term Abbreviation | Definition/notes

Benign prostatic BPE Prostate gland enlargement and is usually a

enlargement [7] presumptive diagnosis based on the size of the prostate

Benign prostatic BPH Histologic diagnosis that refers to the proliferation of

hypertrophy [7] smooth muscle and epithelial cells within the prostatic
transition zone

Benign prostatic BPO Obstruction proven by pressure flow studies, or is

obstruction [7] highly suspected from flow rates and an enlarged gland

Bladder outlet BOO Generic term for all forms of obstruction to the bladder

obstruction [7] outlet (e.g., urethral stricture) including BPO

Detrusor DO Urodynamic diagnosis; involuntary detrusor

overactivity [8] contractions during the filling phase; idiopathic when

there is no clear cause for DO

Lower urinary tract LUTS Divided into storage symptoms and voiding symptoms
symptoms [8]

Storage LUTS (formerly “irritative”) | Includes frequency, urgency, nocturia, UUI

Voiding LUTS (formerly “obstructive”) | Includes weak urinary stream, hesitancy, intermittency,
straining to void, feeling of incomplete emptying
Overactive bladder [8§] | OAB Characterized by the storage symptoms of urgency with
or without UUI, usually with frequency and nocturia

Urgency urinary Uul Storage symptom; complaint of involuntary leakage
incontinence [8] accompanied by or immediately preceded by urgency
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Relationship Between BOO and OAB

The relationship between BOO and OAB is incompletely understood, as storage
LUTS may result from BOO, OAB, or a contribution from both. Accordingly, there
may be more than one mechanism responsible for LUTS in men. In men with BPE,
LUTS are frequently caused by some element of partial BOO which leads to changes
in bladder function [9, 10]. Through animal studies, it is believed that the initial
response of the detrusor to BOO is smooth muscle hypertrophy [11, 12]. In turn,
hypertrophy leads to significant intra- and extracellular changes in the smooth mus-
cle cell that result in DO and, in some cases, hypocontractility. Additionally, in both
animal models and in humans, unrelieved BOO is associated with the development
of significant increases in detrusor extracellular matrix [11-13]. Finally, normal
aging independent of BOO may produce some of the same changes in bladder func-
tion, histology, and cellular function, indicating a multifactorial etiology [14, 15].
Both BOO and detrusor hypocontractility may present with similar voiding symp-
toms such as hesitancy, intermittency, and a decreased force of stream.

When BOO-induced detrusor changes lead to DO or decreased compliance,
associated symptoms may include urinary frequency and urgency. Several hypoth-
eses have been proposed for development of DO, thought to be the linchpin of OAB
[16]. The neurogenic hypothesis suggests that DO arises from nerve-mediated exci-
tation of the detrusor, while the myogenic hypothesis espouses a combination of the
increased possibility of spontaneous smooth muscle excitation and enhanced
spreading of this activity to a majority of the bladder wall. Finally, the integrative
hypothesis proposes that a spectrum of triggers can generate DO, predominantly
through exaggerated micromotion of the detrusor and propagation.

A decreased ability to accommodate increasing urinary volumes during bladder
filling appears to be the link between storage LUTS from BPE/BPO and
OAB. Although the etiology of OAB is not completely understood, the impaired
accommodation may lead to heightened sensation, which may present with urinary
urgency, frequency, and UUI Several studies support the contention that OAB is a
factor in male storage LUTS. Abrams et al. found that approximately one-third of
men continue to have predominantly storage symptoms attributed to DO after elec-
tive prostatectomy to relieve BOO [17]. Additionally, Van Venrooij et al. found that
only 50% of men with preoperative, urodynamically proven DO had resolution of
their DO after transurethral resection of the prostate (TURP) [18].

Workup of Male LUTS

Standard Workup

The AUA Guideline on the management of BPH recommends the following tests
prior to initiating basic management of LUTS in men: relevant medical history,
assessment of LUTS, severity and bother (i.e., I-PSS), physical examination with
digital rectal exam (DRE), urinalysis, serum prostate specific antigen (PSA) in



248 A. Gomelsky et al.

appropriately selected patients, and a frequency/volume chart [7]. The guidelines
panel suggested that the I-PSS, quality of life (QoL) question, and the BPH Impact
Index (BII) are excellent, validated, quantitative assessment tools to evaluate symp-
toms and bother. Detailed management was recommended in the setting of a suspi-
cious DRE, hematuria, abnormal PSA, pain with urination or pelvic pain, urinary
tract infection (UTI), palpable bladder on abdominal examination, and evidence of
neurological disease [7].

For those men with minimal to no bother from their LUTS, reassurance and
follow-up can be safely recommended [7]. For those men with bothersome LUTS,
standard treatment consisting of altering modifiable factors such as fluid/food
intake, modifying concurrent medications, and lifestyle advice should be offered to
all men. Medications such as alpha-adrenergic antagonists (a-blockers) and 5-o
reductase inhibitors (5-aRIs) may also be initiated at this time.

For those men with persistent bothersome LUTS despite vigilant attempts at
initial “conservative” management, the panel recommended a detailed additional
evaluation in the form of validated questionnaires (e.g., I-PSS or BII) and a fre-
quency/volume chart [7]. The I-PSS asks the participant to best describe the fre-
quency of seven symptoms on a scale of zero (not at all) to five (almost always). The
questions encompass voiding (incomplete emptying, intermittency, weak stream,
straining to void) and storage LUTS (frequency, urgency, nocturia). Symptom
scores of 0-7 are considered mild, 8—19 moderate, and 20-35 severe. Also, a QoL
question asks “How would you feel if you had to live with your urinary condition
the way it is now for the rest of your life?” The answers may range from zero
(delighted) to six (terrible). The AUA BPH Guideline considers a three-point
improvement in the I-PSS as meaningful. The BII consists of four questions on
patient well-being and social implications of LUTS [19].

Optional Tests

Optional tests at this stage include urinary flow rate (Q) and post-void residual urine
determination (PVR) [7]. Both tests are noninvasive and may provide useful infor-
mation regarding storage and emptying that may help guide further management,
workup, or invasive therapy. Maximum urinary flow rate (Q,,,,) may serve as a use-
ful surrogate for obstruction, as 90% of men with a Q,,,, < 10 mL/sec have BOO
[20]. It is important to note that a low Q,,,, does not distinguish between urody-
namic obstruction and detrusor hypocontractility. Furthermore, Q,,,, may vary sig-
nificantly from void to void and may be highly dependent on voided volume. Thus,
multiple voids and voided volumes >150 mL are recommended before definitive
interpretation. PVR performed by noninvasive ultrasonography may also have sig-
nificant intraindividual variability, and obtaining multiple values may be beneficial
before making significant changes to the treatment plan.

We believe that both of these tests are invaluable in the evaluation of male
LUTS. Since both are objective and noninvasive measures, there is virtually no
downside to performing them in a serial manner to monitor the progression of a
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patient’s condition from baseline. Furthermore, a reasonable Q,,,, and/or low PVR
may grant the physician more confidence in focusing their treatment on options that
may impact detrusor activity.

Other diagnostic modalities may be indicated in selected cases. Cystoscopy is
indicated in cases of LUTS associated with painful urination and/or hematuria,
while upper tract imaging may be indicated in cases with hematuria. Cystoscopy
may also rule out other sources of BOO, such as urethral stricture disease, and better
delineate prostate morphology, such as the presence of a large median lobe or a high
bladder neck. Transrectal prostate ultrasound with biopsy may be performed in cases
of elevated PSA or abnormal DRE, and TRUS alone may also be beneficial in esti-
mating prostate size when planning potentially invasive bladder outlet procedures.

Role of Urodynamics in Male LUTS

The utility of urodynamics (UDS) , and specifically pressure flow studies (PES), is
controversial in the setting of male LUTS. The AUA Urodynamic Guidelines made
three statements relating to OAB and five statements relating to urodynamic evaluation
in men with voiding LUTS [21]. The highest level of evidence was B for statement 17,
and this was viewed as a standard: “Clinicians should perform PFS in men when it is
important to determine if urodynamic obstruction is present in men with LUTS, par-
ticularly when invasive, potentially morbid or irreversible treatments are considered.”
Statement 6 addressing the utility of multichannel UDS in OAB was classified as an
option, with a Grade C level of evidence: “Clinicians may perform multi-channel fill-
ing cystometry when it is important to determine if altered compliance, DO or other
urodynamic abnormalities are present (or not) in patients with urgency incontinence in
whom invasive, potentially morbid or irreversible treatments are considered.” Likewise,
Statement 8 was a clinical principle: “Clinicians should counsel patients with urgency
incontinence and mixed incontinence that the absence of DO on a single urodynamic
study does not exclude it as a causative agent for their symptoms.” Thus, the absence
of DO on filling CMG does not exclude a diagnosis of idiopathic OAB and should not
preclude the offering of OAB treatment options. Performing PVR was a clinical prin-
ciple and, as mentioned previously, should not be argued against.

On the one hand, these series of tests are the only tests that directly measure the
contribution of detrusor and outlet to LUTS, and a high-pressure, low flow pattern
on PFES is pathognomonic for BOO. On the other hand, the testing is invasive and
has inherent potential for discomfort, local trauma, and UTI. A recent critical evalu-
ation of the UDS guidelines suggested that, while UDS and PFS may provide objec-
tive data that corresponds to the patient’s symptoms, these tests may not be necessary
to begin empiric therapy for LUTS [22]. UDS may be useful if initial treatment fails
or potentially invasive or irreversible treatment is planned. The guidelines do not
discuss the presence of detrusor underactivity (DUA), which may impact outcomes
after BOO surgery. A recent systematic review by Kim et al. showed that preopera-
tive DUA correlated with poorer I-PSS and Q,,,, improvement in 10 studies encom-
passing 1113 patients undergoing TURP and laser surgery [23].
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Treatment Algorithm

Several authors have proposed algorithms to guide treatment for men with LUTS,
and these are all relatively similar [7, 24, 25]. Prior to offering treatment options, the
algorithms typically echo the statements of the AUA BPH Guideline. In addition,
we will also typically obtain Q/PVR in our patients, as the benefits of obtaining
these two noninvasive studies outweigh any risks. Furthermore, findings of a
Quax < 10 mL/sec and/or PVR exceeding 150 mL may help guide the treatment
discussion and plan. The algorithm suggested by Chapple appears to be the sim-
plest: treat the predominant bothersome symptoms first, be they storage or emptying
[24]. The author recommends treatment with an a-blocker for voiding-predominant
LUTS, an anticholinergic for storage-predominant LUTS, and combination therapy
for those with failure of symptom resolution on initial therapy. We agree with this
approach but would emphasize that behavioral and lifestyle modification should be
first-line therapy for all men. This is likewise advocated by both the AUA guidelines
on BPH and OAB [7, 26].

Treatment Options

As mentioned previously, one treatment approach is to treat the BPE/BPO first (“treat
the outlet”). This may be accomplished with pharmacological measures (a-blockers,
5-aRIs, phosphodiesterase type S inhibitors (PDESIs), and combination therapy) or
surgical maneuvers. These procedures include simple prostatectomy, TURP, and
minimally invasive procedures, such as holmium laser enucleation (HoLEP), pho-
toselective vapoenucleation (PVP), prostatic urethral lift, and convective thermal
therapy. The second treatment approach is to treat the OAB symptoms first (“treat the
bladder”). The options are pharmacological (e.g., anticholinergics, -3 agonists, or
combination therapy) and surgical (intravesical onabotulinumtoxinA injection, sacral
nerve neuromodulation (SNS), percutaneous tibial nerve stimulation (PTNS)). While
chronic indwelling urethral/suprapubic catheters and bladder augmentation/urinary
diversion are potential treatment options for severe and refractory symptoms, they
will not be discussed here. The following discussion of safety and efficacy will focus
on the impact of the aforementioned treatments on storage LUTS in men.

Measurement of OQutcomes

Outcomes after treatment for LUTS are typically separated into several catego-
ries. Micturition diary variables per 24 h include total, daytime and nighttime
voids, urgency and UUI episodes, and incontinence episodes. Validated question-
naires include I-PSS (total, voiding (I-PSS-V), and storage (I-PSS-S) subsets),
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BII, and Overactive Bladder Symptom Score (OABSS). QoL is commonly repre-
sented by I-PSS-QoL. Urodynamic indices include Q,,,, and PVR, and common
adverse events are represented by study dropout rates and urinary retention
episodes.

Pharmaceutical Treatment Options for BPO

Pharmacologic options for men with BPE/BPO and symptomatic LUTS include
alpha-blockers that address heightened bladder outlet tone and 5-ARIs that decrease
the size of the prostate through hormonal routes. While PDES5Is have been shown to
have a beneficial effect on the voiding symptoms associated with BPE/BPO, there
are no specific data describing their impact on urinary storage LUTS.

The data regarding the impact of a-blockers and 5-ARIs on storage LUTS is
sparse, since storage symptoms are rarely a primary or secondary outcome of most
of these studies. The most relevant data comes from the Medical Therapy of Prostatic
Symptoms (MTOPS) study which compared the effects of placebo, doxazosin, fin-
asteride, and combination therapy in 3047 men [27]. At 4-year follow-up, the I-PSS
(a secondary outcome) improved significantly in all active treatment groups vs. the
placebo group (p < 0.001 for doxazosin, p = 0.001 for finasteride and p < 0.001 for
combination therapy). The 4-year mean reduction in I-PSS was 4.9 in the placebo
group, 6.6 in the doxazosin group, 5.6 in the finasteride group, and 7.4 in the com-
bination therapy group. Combination therapy was associated with a superior
improvement in I-PSS compared to either doxazosin (p = 0.006) or finasteride
(p <0.001) alone. It must be noted that the improvement in I-PSS was not subcate-
gorized by storage vs. voiding subsets.

Surgical Options for BPO

Transurethral Resection of the Prostate (TURP) Monopolar TURP (M-TURP)
has long been considered the gold standard for surgical management of BPO/
BOO. The procedure is associated with a ~70% reduction in I-PSS, ~45% reduction
in prostate volume, ~12 mL/sec increase in Q,n.x, and ~76% reduction in PVR vol-
ume [28]. TURP may also improve storage LUTS. Van Venrooij et al. correlated
urodynamic changes with changes in LUTS in 93 men available 6 months following
TURP [18]. Improvements after TURP were significantly associated with decreased
BOO (p < 0.01); however, 32 men who were unobstructed or equivocal preopera-
tively also benefited moderately from resection. Bladder capacity increased by 45%
postoperatively, contributing to a significant decrease in symptoms and bother and
improvement in well-being. Ninety percent of the men with a urodynamically
proven stable bladder maintained a stable bladder after TURP, while 50% of those
with preoperative DO became stable postoperatively.
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Bipolar TURP (B-TURP) allows for resection using normal saline irrigant,
thus minimizing TUR syndrome seen with the monopolar TURP (M-TURP).
Al-Rawashdah et al. compared 36-month outcomes of M-TURP versus B-TURP
in a randomized prospective study of 497 patients [29]. The authors found no
significant difference between treatment modalities in reference to PVR, I-PSS,
and I-PSS-QoL, with men in both groups having statistically significant improve-
ments in all of the aforementioned outcomes criteria (p < 0.0001). Men undergo-
ing B-TURP had a smaller drop in serum hemoglobin levels, decreased need for
blood transfusion, and decreased risk of TUR syndrome (0 vs. 7 men after
M-TURP).

Minimally Invasive Surgical Therapy for the Prostate (MIST) Endoscopic
techniques began to emerge in the early 1990s that served as an alternative to the
TURP. These techniques used various ablative technologies that theoretically
improved hemostasis, hospitalization time, and post-procedural catheterization time
and could be performed in an outpatient or office setting.

De Nunzio et al. enrolled 150 consecutive patients with LUTS from BPE/BOO
and performed prostate photoselective vaporization with the 80 W potassium titanyl
phosphate (KTP) laser [30]. Mean parameters were: age 69.6 years, prostate volume
52 mL, I-PSS 22.3, and Q,,, 9 mL/sec. Storage symptoms decreased by 54.5%,
63.6%, 72.7%, and 81.8% at 1, 3, 6, and 12 months of follow-up, respectively
(p <0.001). Voiding symptoms decreased 63.6%, 72.7%, 81.8%, and 90.9% at the
same follow-up intervals, respectively (p < 0.001). Retrograde ejaculation was
reported in 67% of patients.

Lee et al. enrolled 331 patients with a mean prostate volume of 69.5 mL to
undergo HoLEP [31]. At 6 months after surgery, the following statistically signifi-
cant changes (p < 0.001) were seen vs. baseline: decreased total I-PSS (5.1 vs.
18.5), decreased I-PSS storage subset (3.3 vs. 7.5), decreased I-PSS-QoL (1.1 vs.
4.0), and decreased OABSS (2.8 vs. 6.2). As expected, significant improvements in
Qnax and PVR were also observed.

Saito et al. specifically investigated improvement in storage LUTS after HoOLEP
in 74 men [32]. Blood flow measurements within the bladder mucosa were obtained
before and after the procedure. The median I-PSS improved significantly from 20 to
3 (p < 0.001), and the I-PSS storage subset decreased from 13 to 3 (p < 0.001).
Median bladder blood flow increased at the trigone from 9.57 mL/s to 17.60 mL/s,
with 48 of 74 men (65%) having significant blood flow improvement. The authors
felt the potential of increased perfusion post-HOLEP to be a key factor in the
improvement of storage symptoms.

Fifteen centers enrolled and randomized 197 men I-PSS > 13, Q,.x < 15mlL/s,
and prostate volume of 30-80mL to convective radiofrequency thermal therapy
(Reztim; NxThera, Maple Grove, MN, USA) or control [33]. At 3 months, men in
the active treatment arm experienced a 160% I-PSS improvement compared to con-
trols (p < 0.0001), while a > 50% improvement in I-PSS, QoL, Q,.., and BII
remained durable throughout the 3-year follow-up (p < 0.0001). No de novo erectile
dysfunction was reported and the surgical retreatment rate was 4.4%. Transient
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adverse effects include dysuria (16.9%), hematuria (11.8%), and frequency/urgency
(5.9%), and men with enlarged median lobes experienced similar efficacy to those
with predominantly lateral lobe hyperplasia.

In a prostatic urethral lift (PUL; UroLift®, Neotract, Pleasanton, CA, USA) per-
manent implants are placed to hold open the lateral prostatic lobes. Nineteen centers
enrolled and randomized 206 men with I-PSS >12, Q,,., < 12 mL/s, and prostate
volume of 30-80 mL to the PUL or blinded sham control [34]. At 3 months, men
who underwent PUL experienced an 88% greater I-PSS improvement than those in
the sham group. Improvement in I-PSS, QoL, BII, and Q,,,, were durable through
5-year follow-up with improvements of 36%, 50%, 52%, and 44%, respectively.
There was no de novo, sustained erectile or ejaculatory dysfunction reported, and
surgical retreatment was 13.6%.

Pharmaceutical Treatment Options for OAB

Monotherapy with Antimuscarinics The outcomes of studies evaluating anticho-
linergic monotherapy for LUTS are summarized in Table 15.2 [35-44]. There has
been some concern that anticholinergics may decrease detrusor contractility and
theoretically increase PVR, especially in men with significant BOO. Subsequently,
the risk of increasing PVR might lead to UR and infection. In practice, improve-
ments in voiding diary parameters and I-PSS scores are seen, with minimal inci-
dence of UR or change in PVR. Studies focusing on patient-reported outcomes
(PROs) likewise report excellent outcomes. Staskin et al. found an improvement in
urgency on Patient Perception of Bladder Condition (PPBC) questionnaire in 369
men who used the oxybutynin transdermal system (OXY-TDS; Oxytrol®, Watson
Laboratories, Morristown, NJ) [45]. Mean scores on the King’s Health Questionnaire
decreased significantly (p < 0.0196) from baseline to study end in eight of ten
domains, indicating improved HRQoL. Likewise, after 12 weeks of flexibly dosed
solifenacin, Kaplan et al. cited significant improvement in mean PPBC (p < 0.0001)
and Overactive Bladder Questionnaire (p < 0.001) scores [46]. In men without pre-
sumed BOO, solifenacin significantly improved PRO measures of symptom bother,
HRQoL, and overall perception of bladder problems. Finally, Ginsberg et al. saw
significant improvements from baseline on the PPBC after 12-week treatment with
either daily fesoterodine 8 mg or tolterodine extended-release (ER) 4 mg compared
with placebo [41].

A recent network meta-analysis demonstrated that tolterodine ER was significantly
better than placebo in reducing micturitions/24 h (—0.76, p < 0.001), incontinence
episodes (—0.36, p < 0.001), urgency episodes (—0.77, p < 0.001), and UUI epi-
sodes (—0.34, p < 0.001) [47]. Furthermore, in a review of tolterodine ER for the
treatment of male OAB, Gacci et al. found that the ER formulation was associated
with a 71% mean reduction in UUI episodes vs. a 60% reduction in the immediate
release (IR) group (p < 0.05) [48].
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Known, urodynamically proven BOO does not appear to be a contraindication to
the use of anticholinergics for storage LUTS, with a significant impact on the Q,.x,
voiding pressure, and PVR vs. placebo [49]. Median treatment differences in Q,
and Py Q.. were comparable in men >40 years of age with BOO/confirmed DO
who were randomized to 12 weeks of tolterodine IR 2 mg twice daily or placebo.
The volume to first detrusor contraction and maximum cystometric bladder capacity
was significantly higher in the tolterodine group, while PVR (25 mL vs. 0 mL) sig-
nificantly favored placebo. Urinary retention developed in one patient in the placebo
group, and the incidence of treatment-emergent adverse events (TEAEs) was not
significantly different between groups.

Combination Therapy with a-Blockers and Antimuscarinics This category of
treatment is unique in that it has ample Level 1 evidence to support the use of com-
bination therapy for men with OAB (Table 15.3) [50-68, 69]. Clear improvement is
seen in voiding diary variables and I-PSS, while the impact on efficient emptying is
minimal, at best. Several meta-analyses and systematic reviews have reached the
same conclusions [70-72]. The conclusion held up regardless of medication combi-
nation or dosing. One caveat regarding data interpretation is the relative lack of
long-term outcomes. In light of the significant discontinuation rates seen with anti-
cholinergics, adherence to medication is an important outcome variable in this pop-
ulation. Rates of discontinuation found in medical claim studies suggest that
43-83% of patients discontinue medication within the first 30 days and rates con-
tinue to rise over time [73].

To date, Liao et al. were the first to perform a 12-week, prospective, randomized
study of first-line anticholinergic and a-blocker monotherapy for men with storage-
predominant LUTS [74]. The authors included men with an I-PSS >8§,
I-PSS-S > I-PSS-V, and PVR < 250 mL and randomized them to receive daily
tolterodine 4 mg (n = 89) or doxazosin 4 mg (n = 74). The I-PSS, I-PSS-S, and QoL
index decreased significantly in both groups. An improved outcome (global response
assessment (GRA) > 1) at 4 weeks was reported in 69% of men receiving doxazosin
and 78% of those receiving tolterodine. Patients with tolterodine treatment failure
(GRA < 1) had higher baseline I-PSS-V and I-PSS intermittency domain, whereas
patients with doxazosin treatment failure had a higher baseline I-PSS urgency
domain. The rate of improved outcome was comparable between first-line toltero-
dine and doxazosin monotherapy for male storage LUTS. The authors suggested
anticholinergic monotherapy for men with smaller prostate volume and higher
urgency symptom scores and a-blocker monotherapy for those with higher voiding
symptom scores.

B-Adrenoceptor Agonists Much of the data regarding daily mirabegron for OAB
is derived from three large studies with <30% of participants being male. In a pooled
analysis of >3500 patients randomized to placebo, mirabegron 50 mg, and mirabe-
gron 100 mg, Nitti et al. cited significant improvements in micturition diary vari-
ables and PROs with both doses of mirabegron [75]. The efficacy profile of daily
mirabegron 50 mg was maintained over 12 months of treatment [76]. However, the
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outcomes in either manuscript were not stratified by patient sex. Nitti et al. random-
ized 200 men with BOO/LUTS to placebo, mirabegron 50 mg, or 100 mg and per-
formed urodynamics [77]. Treatment with either dose of mirabegron was non-inferior
to placebo for impact on Q. and Py Q.. The study’s primary outcomes were
urodynamic parameters, and the impact on storage symptoms was not evaluated.

Tubaro et al. performed a critical analysis of the efficacy and safety of daily
mirabegron 50 mg in male OAB patients from five phase III studies that included
placebo or anticholinergic as a comparator [78]. Three reports were 12-week
placebo-controlled studies; one was a 12-week non-inferiority phase IIIb study
(BEYOND; mirabegron vs. solifenacin 5 mg), and the other was a 52-week active-
controlled phase III safety study (mirabegron vs. tolterodine ER 4 mg). Male
patients with concomitant voiding LUTS, BPE/BPO, and a-blocker use were
included in the analysis. In the pooled studies, mirabegron demonstrated superiority
vs. placebo for reducing micturition frequency, while improvements in urgency and
incontinence were not significantly different. In the BEYOND study, mirabegron
was comparable to solifenacin for reducing micturition frequency, urgency, and
incontinence episodes. In the safety analyses, mirabegron was well tolerated at 12
and 52 weeks, and TEAEs were similar to those of placebo.

Additional OAB Treatments

The AUA/SUFU OAB Guideline stated that additional treatment options may be
presented to the patient if “treatment goals (are) not met after appropriate duration,
patient desires further treatment, is willing to engage in treatment, and/or further
treatment (is) in patient’s best interests” [26]. These options include intradetrusor
onabotulinumtoxinA injection (standard), PTNS (recommendation), and SNS (rec-
ommendation) [26]. Unfortunately, as with most OAB treatments, most trials of
onabotulinumtoxinA for idiopathic OAB include predominantly women. Hsiao
et al. reported on 60 patients available for 6-month follow-up, 29 of whom were
male (48%) [79]. Compared to baseline, OABSS decreased (11.7 vs. 8.4, p <0.001),
and the urgency severity scale decreased (3.8 vs. 3.1, p = 0.001). On a 3-day mictu-
rition diary, the number of micturitions (32.9 vs. 38.3), urgency episodes (21.9 vs.
30), and UUI episodes (5.0 vs. 8.2) all decreased significantly (p < 0.001) when
compared to baseline.

One of the most common side effects of onabotulinumtoxinA injection is urinary
retention, which, depending on the definition, patient population, and injection dos-
age, may be 5-43% [80]. Risk factors for retention include preoperative elevated
PVR (>100 mL) and retention after the previous injection procedures. A recent
study addressed men with persistent OAB refractory to medications after surgical
intervention for BOO. Chughtai et al. performed a double-blinded pilot study where
15 men received 200 units of onabotulinumtoxinA and 13 men received placebo
[81]. Men receiving onabotulinumtoxinA demonstrated significantly improved QoL
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scores at 180 and 270 days after treatment (p = 0.02 and 0.03, respectively) as well
as significantly lower International Consultation on Incontinence Questionnaire
(ICIQ) scores (p < 0.05). Daily urinary frequency improved from 11 to 8 episodes
in the treatment arm, and the response was durable for up to 90 days. I-PSS, PVR,
and urgency were unchanged postoperatively in both groups.

In a recent review of the literature, de Wall and Heesakkers concluded that PTNS
led to an overall subjective symptom improvement in ~60% of the patients and
~50% improvement in voiding diary parameters with sustainable outcome on the
long run [82]. Of interest, there was a ~20% placebo effect (subjective improvement
measured by patients who actually received sham treatment). PTNS was safe with-
out any significant side effects but was time-consuming and not cost-effective as a
primary treatment.

Likewise, long-term outcomes after SNS are also from studies which enrolled
mostly women. Siegel et al. reported long-term results in 272 implanted patients, of
whom only 24 (9%) were male [83]. At 5-year follow-up, mean reduction in UUI
episodes from baseline was 2 leaks/day, and reduction in urgency/frequency was 5.4
voids/day. There was a significant improvement in all ICIQ-OAB symptoms and
QoL measures.

Conclusions

Storage and voiding LUTS often coexist in men, and one or both types of LUTS
may become bothersome. While the pathophysiology is incompletely understood,
both types of LUTS may occur secondary to BOO. In such situations, addressing
BOO either pharmacologically or surgically may improve storage and voiding
LUTS. On the other hand, storage LUTS and OAB may occur without attendant
BOO, and thus, DO can be effectively and safely addressed with pharmaceutical
and surgical means. Urinary retention, once thought to be a major detriment of OAB
treatment in men, does not appear to be as common as once thought. Combination
therapy may be used in those men where both categories of LUTS are bothersome,
and this treatment regimen is well-supported by Level 1 evidence. Other treatment
regimens also appear to be safe and effective but lack concrete supportive evidence.
For example, studies of medications and surgical interventions for BPE/BPO rarely
have storage LUTS as a primary or secondary outcome. Likewise, many of the stud-
ies of third-tier OAB treatments, such as onabotulinumtoxinA, SNS, or PTNS,
enroll predominantly women, and outcomes in men are largely absent. When
approaching the male with LUTS, it is prudent to treat the bothersome symptoms
first and to begin with the most conservative option. Fortunately, multiple options
are available for those men with significant TEAEs or those with insufficient symp-
toms improvement.
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Chapter 16

Considerations in the Medically Complex
and Frail Elderly

Adrian Wagg

Why Might OAB in the Elderly Be Different?

People in late life may be no different from those of a younger chronological age;
they constitute the robust elderly, ageing with neither significant comorbid disease
nor physical or cognitive disability. Canadian estimates of successful ageing, assum-
ing older people (65+) living in institutions have aged unsuccessfully, suggest the
prevalence of successful ageing is 35.3% [1]. For the majority of older people, how-
ever, late life is characterised by comorbid disease and cognitive or functional
decline, often coexisting. This, plus the impact of physiological and pathological
change both within and outside the lower urinary tract, means that the assessment
and treatment of overactive bladder (OAB) in the frail or medically complex elderly
require a different approach from that in the robust elderly.

Physiology, Pathophysiology and Epidemiology

There is a paucity of longitudinal data regarding the physiological changes in the
function and control of the lower urinary tract (LUT) that are associated with nor-
mal ageing. Therefore, separating the effects of ageing from those of pathology is
often difficult, especially as studies typically involve symptomatic patients or those
who have received treatment. Likewise, the effects of changes in the availability and
use of different treatments over time confound efforts to obtain reliable long-term
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data. By the time people reach later life, typically over the age of 70, the age of the
older cohort in large epidemiological studies in this area [2], natural attrition often
renders the retention of patient cohorts with a sufficient size difficult. The preva-
lence of several LUTS, and urinary urgency, the hallmark symptom of overactive
bladder (OAB), nocturia, and urgency incontinence, is known to increase in associa-
tion with advancing age. Furthermore, in older persons over the age of 65 years
fulfilling the Fried criteria for frailty, the prevalence of LUTS is higher than for any
group of individuals, other than those with spinal cord injuries [3]. In the EPIC
multinational cohort study, an age-associated rise was observed in the prevalence of
urinary urgency, from 7.1% (95%CI 6.3-8) in men and 9.7% (95%CI 8.8—-10.7) in
women <40 years of age to 19.1% (95%CI 17.5-20.7) and 18.3% (95%CI 16.9—
19.6), respectively, in those >60 years of age, and the prevalence of incontinence (of
any cause) increased from 2.4% (95%CI 1.9-2.9) and 7.3% (95%CI 6.5-8.1) in
men and women <40 years of age to 5.4% (95%CI 4.9-5.9) and 19.5% (95%CI
18.7-20.3) in those >60 years of age. What is clear is that urinary urgency, nocturia
and urgency incontinence become dominant symptoms in older patients with
LUTS. Functional MRI studies in older people (=60 years of age) suggest that fail-
ure of activation in areas of the brain relating to continence, such as the orbitofrontal
regions and the insula, might lessen the ability to suppress urgency [4].

The accumulation of white matter hyperintensities (WMH) within the brain is
well recognised to be associated with ageing, and such features are more common
in those with vascular risk factors including hypertension, diabetes mellitus and
hypercholesterolaemia [5].

Available evidence suggests that WMH correlate with geriatric syndromes including
falls [6, 7], cognitive impairment [6, 8] and incontinence and an association exists between
the severity of LUTS and the degree of WMH on MRI [6, 9]. Conceivably, a high WMH
burden may impair suppression of the ability of the pontine micturition centre to maintain
the bladder in the storage phase and increase the likelihood of urgency and urgency incon-
tinence. People with a higher white matter hyperintensity load show a greater prevalence
of detrusor overactivity and increased difficulty maintaining continence during cystom-
etry than those persons with a lesser degree of white matter hyperintensity load [10].

OAB, Multimorbidity and Frailty

Older people with OAB, whether in the community or in nursing homes, appear to
have greater comorbidity and more impairments in activities of daily living than
those without OAB [11, 12]. OAB and urgency incontinence may also be an early
marker of frailty, with a shared, common pathway to the geriatric syndromes of later
life. In a Taiwanese study of UI and its association with frailty among 440 men aged
80 years and older using the clinical frailty scale [13], the prevalence of UI was
19.1%. Frailty was more common among subjects with Ul than those without
(60.7% vs 32.3%). Men with UI also had more comorbidity, poorer physical func-
tion and were more likely to have depressive symptoms, impaired cognitive
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function, poorer nutritional status, more polypharmacy and a higher likelihood of
faecal incontinence than those men who were not frail [14]. In a population-based
study of older Mexican Americans, Ul was associated with functional decline in
ADLs, IADLs and physical performance [15]. A Portuguese study showed that
older people who presented with either “slowness” or “exhaustion” had a risk of Ul
almost five times greater than those without [16]. In the majority of these individu-
als, the Ul is epidemiologically likely to be of the urgency type, although often the
authors did not report the classification. There may then be something about multi-
morbidity, frailty and OAB in older persons all of which are the end result of shared
pathophysiological mechanisms.

Age-Related Changes in Pharmacology

There are numerous factors potentially affecting drug clearance in medically complex
older patients. Specific age-related changes occur in pharmacokinetics, drug absorp-
tion, distribution, metabolism and clearance. These changes are illustrated in Table 16.1.

Lower Doses

Until recently, medically complex older persons were either overtly or unintention-
ally excluded from OAB drug studies. The age-related changes in pharmacology
suggest that some UI drugs may be effective at lower than standard doses in frail or
medically complex older persons with concomitant decreased adverse effects [17].
There are some data supporting the effective use of low-dose oxybutynin in older
persons [18, 19]. A single study has assessed low standard doses of trospium chlo-
ride and solifenacin in combination in older people of average age 69.4 years in
comparison to higher doses and showed higher efficacy of lower dose combination
therapy [20]. However, data from pooled analyses of solifenacin [21] and fesotero-
dine [22] comparing data from younger (<65) and older (>65) adults suggest that
older people are more likely to require higher doses of medication than younger
people to achieve the same degree of symptom relief. Data from prospective ran-
domised controlled trials of fesoterodine showed that the majority of older people
elected to increase their dose of medication during the trial [23, 24].

Polypharmacy

Approximately 60% of people over age 65 take at least one prescribed medication,
and about one-third take more than five prescribed drugs. In addition, many older
persons take over-the-counter, naturopathic or herbal agents and dietary
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Table 16.1 Age-related changes in pharmacology
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OAB drugs potentially
Changes affected
Absorption | Minimal quantitative change despite decreased Extended release
gastric motility, yet little known regarding effect on | preparations — probably no
slow-release agents clinically relevant effect
Decreased skin thickness — increased absorption Transdermal preparations
Distribution | Decrease in lean body mass leads to decreased Lipophilic agents, tricyclic
volume of distribution and half-life for hydrophilic | antidepressants
drugs and increased volume of distribution and
increased half-life for lipophilic agents
Decreased protein binding in patients with low Tolterodine
albumin, leading to higher concentration of free
drug
Hepatic Decrease in Phase I reactions (oxidation/reduction) | Tricyclic antidepressants
metabolism (use not recommended)
Decreased hepatic blood flow and hepatic mass, Oxybutynin
leading to reduced clearance for agents with Tolterodine
first-pass metabolism Solifenacin darifenacin
Cytochrome P450 Oxybutynin
Tolterodine
Solifenacin
Darifenacin
Mirabegron
5-HMT (clearance only)
Clearance Decrease in renal clearance Tolterodine
Fesoterodine
(5-HMT)

5-HMT 5-hydroxymethyl tolterodine

supplements, with the rate of use varying across countries and cultures. In 2010—
2011, approximately 15.1% of older adults were at risk for a potential major drug-
drug interaction compared with an estimated 8.4% in 2005-2006 [25].The likelihood
of adverse drug events and drug-drug interactions rises exponentially as the number
of medications increases above four, the conventional, but now rather outdated,
limit of determination of polypharmacy. In a study of patients seeking care for their
incontinence, those taking more than five medications are almost five times more
likely to be taking a medication contributing to urinary symptoms, when adjusting
for age, sex and comorbidity (OR =4.9, 95% CI = 3.1-7.9); in this series there was
neither association between age or sex and the use of medications potentially con-
tributing to urinary symptoms nor between class of medication, type or severity of
incontinence [26]. A medication review should be mandatory in any medically com-
plex or frail older person before considering pharmacological therapy for two
reasons:

e Removal of any medications which may impair the probability of successful
toileting
e Minimisation of excessive anticholinergic load (see below)
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Adverse Drug Events

Adverse drug events (ADEs) are extremely common in older persons [27], with
rates up to 35% among community-dwelling persons aged >65 in the United
States. Factors associated with higher ADEs are higher drug doses, age-related
pharmacological changes, polypharmacy, comorbid conditions and the interac-
tions between them and female sex [28, 29]. Older people are at higher risk of
ADEs from antimuscarinics because of age- and comorbidity-related changes in
muscarinic receptor number and distribution, blood-brain barrier transport and
drug metabolism [30]. In the medically complex elderly antimuscarinic ADEs
can result in sedation, delirium and falls, although there are few data specifi-
cally on the bladder antimuscarinics. Xerostomia is also common in older peo-
ple [31] and was the subject of an FDA warning regarding oxybutynin and
dental decay in older people. A sub-cut analysis of a Canadian randomised con-
trolled trial of solifenacin, 5 mg/day, versus oxybutynin 5 mg tid, examined the
tolerability of both drugs in subjects under and over the age of 65 years; the
study found that dry mouth was no more common among those over the age of
65 but was more common and more severe with oxybutynin [32]. In those over
75 years of age treated with 8 mg versus 4 mg of fesoterodine from a pooled
analysis of data from registration trials, dry mouth was more common in the
older sample; this finding was duplicated in a prospective trial of fesoterodine
in older patients [22, 24].

Another antimuscarinic ADE to which the medically complex older person
may be predisposed is decreased visual accommodation, but this has been specifi-
cally evaluated only in young healthy volunteers [33] and a single prospective
cohort including patients up to the age of 60 years [34]. Drug trials typically
report only “blurred vision”. In an analysis of adverse events in association with
fesoterodine exposure, data from all patients with OAB from all fesoterodine tri-
als were analysed, showing both the rate of ADE and the likelihood of experienc-
ing an ADE depending upon the number of comorbid conditions or the number of
coexistent medications at trial entry. Additionally, the study reported on the num-
ber of CNS adverse events stratified by age and fesoterodine dose. At baseline,
1546 (55%) of patients aged 6574 years were taking more than 5 medications
versus 696 (45%) of patients aged >75 years. However, 944 (61%) of those in the
group >75 years of age had more than 5 concomitant conditions at baseline versus
1469 (52%) of those in the younger age group (p < 0.0001). There was a signifi-
cant increase in the likelihood of reporting a treatment emergent AE in association
with an increase in the number of coexistent medications; the OR increased by a
factor 1.028 per medication increase (95% CI, 1.0143-1.044, p < 0.0003). For the
number of concomitant diseases, the OR of having a TEAE level increase in the
number of concomitant diseases was 1.058 (95% CI, 1.044—1.072, p < 0.0001).
The number of CNS-related adverse events was not associated with fesoterodine
dose, and there was no consistent effect of age on the likelihood of a CNS-related
adverse event being reported [35].
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Anticholinergic Medication and Cognitive Impairment

There have been a number of reports linking anticholinergic medication burden to
cognitive impairment, an increase in incident dementia diagnosis and a possible
increase in mortality [36-39]. These papers use scales and scores based upon litera-
ture review and consensus. This is because in randomised studies there is no rela-
tionship between the serum anticholinergic activity of each drug and cognitive
impairment [40]. Medications with anticholinergic properties are commonly used
by older persons. As much as there is a reported increase in overall medication pre-
scribing for older persons, temporal trends also reveal an increase in anticholinergic
medication prescribing [41]. Due to the nature of the cohorts of persons studied,
data on medications used for overactive bladder and urgency incontinence are lim-
ited to identifying immediate release oxybutynin and tolterodine as a factor in expo-
sure. In the study of Gray [42], over 10 years, those with the highest cumulative
burden of oxybutynin exposure had a significant association with cognitive impair-
ment. In the recent study of Richardson, a small effect size, with odds ratios between
the prescription of any drug with an ACB score of 1, 2 or 3 (increasing potency) and
an incident dementia diagnosis of between 1.06 and 1.11, was found between anti-
cholinergic cognitive burden and the risk of an incident dementia diagnosis with no
clear increase in association with anticholinergic potency. The risk persisted with
exposures up to 20 years prior to diagnosis [39]. Cognitive effects may be under-
detected because they are clinically subtle, neither asked about nor reported by the
patient, or mistaken for age-related diseases and ageing [43, 44].

It is clear that duration and extent of exposure to medications with anticholiner-
gic properties are significant factors in the observed associations with cognition, but
the data are, to some extent, conflicting with one study suggesting that global cogni-
tion was significantly greater in the group receiving either moderate to high expo-
sure to anticholinergic agents versus those who received none. The authors suggested
that older adults might experience some beneficial cognitive effects from anticho-
linergic drugs, possibly due to the therapeutic effects of these medications in con-
trolling comorbidities, outweighing any adverse effects on cognition. Persons with
pre-existing cognitive impairment (especially from conditions known to affect cen-
tral cholinergic pathways) may be at greater risk for cognitive impairment although
there are also some data to suggest that those with established dementia may not
experience cognitive decline following therapy with anticholinergic agents [45, 46].

OAB in Those with a Dementia Diagnosis

The likelihood of incontinence increases in association with the severity of demen-
tia, but until recently longitudinal studies did not identify an association with inci-
dent cases [47, 48]. One longitudinal study of 6349 community-dwelling women
found that a decrease in mental functioning as measured by a modified Mini-Mental
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Status Exam (MMSE) was not associated with increased frequency of urinary
incontinence over 6 years but did predict a greater impact [49]. Despite strong asso-
ciations with baseline incontinence in the Canadian Study of Health and Aging,
moderate or severe cognitive impairment, measured by the same modified MMSE,
was not associated with incident UI over 10 years [50]. However, in a longitudinal
study of 12,432 women aged between 70 and 75 years with a 3-year follow-up,
there was a strong association with a dementia diagnosis (OR 2.34) [51]. Similarly,
over a 9-year follow-up of 1453 women aged 65, dementia was strongly associated
with incident urinary incontinence (RR 3.0) [52]. Likewise, in a Scottish study, the
prevalence of urinary incontinence increased with decreasing Mini-Mental State
Scores and was notably more common in those with impairments of attention and
orientation, verbal fluency, agitation and disinhibition [53]. In a UK General
Practitioner database, when compared with those without a dementia diagnosis,
dementia was associated with approximately three times the rate of diagnosis of
urinary incontinence. The incidence rates of first diagnosis per 1000 person-years at
risk (95% confidence interval) for urinary incontinence in the dementia cohort,
among men and women, respectively, were 42.3 (40.9-43.8) and 33.5 (32.6-34.5)
[54]. When assessed urodynamically, the majority of incontinence associated with
dementia appears to be related to detrusor overactivity, resulting in urgency incon-
tinence [55, 56]. Incontinence in dementia adds to caregiver burden [57] and influ-
ences decisions to relocate people to care homes [52]. Whether successful
management of incontinence is able to reduce either this associated burden or alter
decisions to institutionalise these people is unknown, evidence is limited to case
reports and anecdotal evidence. Evidence on pharmacological treatment for Ul in
those with dementia is lacking; that which does exist is considered in the sections
on individual drugs. One matter that is apparent, and which was never reported in
the registration trials for the cholinesterase inhibitor drugs (CEI), was the associa-
tion between their prescription and new onset urgency incontinence [58]. This find-
ing has not been replicated in a large Dutch dataset analysis [59]. Further evidence
for an interaction between antimuscarinics and CEI comes from a report on nursing
home residents from the United States [60]. Residents with a dementia diagnosis,
newly treated with cholinesterase inhibitors, were more likely to then be prescribed
a bladder antimuscarinic than those with a dementia diagnosis not on a CEI, an
example of the geriatric “prescribing cascade” [61]. In a study to determine the
proportion of nursing home residents with OAB or UI with potential contraindica-
tions to antimuscarinic treatment, CEI and bladder antimuscarinics were prescribed
concurrently in 24% [62]. Co-prescription of both a bladder antimuscarinic and
cholinesterase inhibitor can lead to acceptable continence outcomes and no diminu-
tion of cognition, but the evidence supporting this is of low to moderate quality
[63—65]. More studies are needed, but clearly a discussion on the relative merits of
continuation and cessation of the cholinesterase inhibitor should be held before ini-
tiating an antimuscarinic agent; the addition of mirabegron may be an attractive
alternative in this scenario. The potential for antimuscarinic agents to either cause
or worsen cognitive impairment depends on the individual drug’s potential to cross
the blood-brain barrier (BBB). In older people, and in those with comorbid



274 A. Wagg

inflammatory conditions, the permeability of the BBB is increased. Data for the
common antimuscarinic agents’ ability to cross the BBB are derived from models;
both this and their affinity for M1 muscarinic receptors are shown in Table 16.2
[66-73].

Pharmacotherapy for the Medically Complex and Frail
Older Person

Until relatively recently there was a dearth of data regarding the pharmacological
treatment of OAB — urgency incontinence in older people. The majority of available
data came from post hoc analyses of pooled data from patients, over the age of 65y,
who had been included in registration trials. Typically, older people comprised
around 30% of the total patient sample. There was little information on comorbid
conditions or coexisting medication, common in older individuals. Such trials dem-
onstrated overall efficacy and tolerability of the medication under question, with no
unexpected adverse events, but failed to report adverse events of interest in older
populations [74]. The quality of trials in older people has been assessed in a recent
systematic review. Of 1380 records that were screened according to predefined
inclusion/exclusion criteria, only 8 papers were suitable for inclusion. Published

Table 16.2 Pharmacological characteristics of commonly used OAB anticholinergics

Molecular
Chemical weight of the pKi for pKi for
structure base compound M1 M3
Anticholinergic (amine) (kDa) Lipophilicity |receptors | receptors
Oxybutynin Tertiary 357.5 High 9.9 12.3
(desethyl 6.0 55
oxybutynin) [66,
67]
Darifenacin [68] Tertiary 426.6 Moderate 8.2 9.1
Solifenacin [69, 70] | Tertiary 362.5 Low to 7.6 8.0
moderate
Tolterodine* [69] Tertiary 325.5 Low to 8.5 7.9
moderate
Fesoterodine® [71] | Tertiary 411.6 Low to 6.2 <6.0
moderate
5-HMT Tertiary 341.49 (not Low to 8.7 8.2
hydroxymethyl applicable) moderate
tolterodine® [71]
Trospium [68] Quaternary 392.1 Very low 9.1 9.3
Propiverine [72] 403.9 6.6 6.4
Imidafenacin [73] | Tertiary 319.4 High

pK data collated from references as shown — studies may not be directly comparable
“Fesoterodine and tolterodine are both rapidly hydrolysed to 5-hydroxymethyl tolterodine (5-HMT)
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reports were incomplete, and there was inconsistent reporting of subject attrition,
patient characteristics, inclusion/exclusion criteria and other details. Only three of
the eight included OAB trials received quality ratings equating to strong or fair [75].
The following section considers the available evidence for existing drugs, in alpha-
betical order.

Darifenacin

Darifenacin was the subject of the first prospectively designed trial in persons aged
>65 (mean age 72 y). There was no statistically significant difference between drug
and placebo for the primary end point, UI frequency, but there were statistically
significant improvements versus placebo in urinary frequency (—25.3% vs.—18.5%
with placebo; p < 0.01) and quality of life, as measured by OAB-q and patient per-
ception of bladder condition [76]. There is also a 2-year extension study in subjects
>65, showing maintenance of OAB symptom improvement over the 2 years with
44.4% patients achieving >90% reduction in incontinence episodes at 2 years for
the 64% (137/214) subjects remaining in the study [77]. Both studies likely recruited
robust community-dwelling elderly, the extent to which these individuals had mul-
timorbidity was not reported. The cognitive effects of darifenacin have been pro-
spectively studied in a series of trials. The first was a 3-period crossover RCT in 129
older subjects (mean age 71), 88% of whom had comorbid medical conditions and
93% were on other medications [78]. Darifenacin at 7.5 and 15 mg doses did not
adversely affect cognition compared to placebo. A subsequent study in cognitively
intact older persons (n = 49, mean age 66 y) compared titrated darifenacin and oxy-
butynin ER with placebo over a period of 3 weeks [79]. Oxybutynin ER, but not
darifenacin or placebo, adversely affected the primary end point and delayed a
recall on the Name-Face Association Test. However, oxybutynin was titrated 1 week
earlier than darifenacin and to a final dose (20 mg daily) much higher than that most
commonly used in clinical practice.

Fesoterodine

The majority of prospectively gathered data relevant to either the medically com-
plex or frail older person come from trials of fesoterodine, a prodrug which is rap-
idly and completely converted into 5-hydroxymethyl tolterodine, one of the major
active metabolites of tolterodine. There is a pooled analysis demonstrating efficacy
of fesoterodine in subjects over the age of 65, stratified into >65 and > 75 year age
groups from all prospective registration studies, a large prospective study which
reported the efficacy of fesoterodine in subjects stratified by age (>65 and > 75 y)
and a prospective study in the medically complex or vulnerable elderly [22, 80, 81].
In a European trial of 794 elderly men and women with OAB [24], 47% of whom
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were men, 46% of subjects reported urgency incontinence episodes at baseline and
64% had prior treatment with antimuscarinics. At week 12, the improvement from
baseline in urgency episodes (—1.92 v — 3.47, p < 0.001), micturitions (—0.93
v — 1.91, p < 0.001), nocturnal micturition (—0.27 v — 0.51, p = 0.003), severe
urgency episodes (—1.55, —2.40, p < 0.001) and incontinence pad use was statisti-
cally significantly greater with fesoterodine (pooled 4 and 8 mg) than with placebo.
The responses on the treatment benefit scales, OAB-S, PPBC and UPS, were also
significantly greater in those in the fesoterodine group versus placebo. The results
of the open-label extension study [82] confirmed the efficacy and tolerability of
active drug further over 12 weeks. A post hoc analysis from participants in the study
investigated factors associated with dose escalation and identified at baseline body
mass index (OR, 1.06,95% CI 1.01, 1.12; P =0.0222) and male sex (OR, 2.06, 95%
CI1.28,3.32; P =0.0028) and at week 4, change from baseline in urgency episodes
(OR, 1.12,95% CI 1.05, 1.20; P = 0.0008) and patient perception of bladder control
(PPBC) (OR, 1.44,95% CI 1.12, 1.84; P = 0.004) as significantly affecting the like-
lihood of dose escalation at week 4 [83]. A 12-week double-blind, placebo-
controlled study examined the effect of fesoterodine in vulnerable older people as
assessed by the Vulnerable Elders Survey [84], which identifies those at risk of
death or decline in the following 2 years. This included 562 people of mean age
75 years and resulted in mean reductions in UUI episodes at week 12 versus placebo
(—0.65 (0.21), p < 0.0018) and 24 h micturition frequency (—0.84 (0.23), p < 0.0003)
[85]. In this study, over 50% of patients described themselves as exhausted during
activities of daily living and 47% had an impaired Timed Up and Go test, suggesting
some aspect of frailty.

Fesoterodine 8 mg has been compared to tadalafil 5 mg in a small study evaluat-
ing efficacy on OAB symptoms, impact on quality of life and sexual function in
older men. All were over 65 years of age, and 65% of them were over 75 years of
age. The most common comorbidities were hypertension 37.8% (39/103), diabetes
mellitus 18.4% (19/103), heart disease 16.5% (17/103) and depression 10.6%
(11/103). Fesoterodine was effective in treating OAB symptoms in this group of
multimorbid older men, whilst tadalafil showed superior efficacy in improving total
IPSS and sexual function scores [86]. There were no statistically significant changes
in performance on a computer-assisted battery of cognitive tests versus placebo in a
single small study of cognitively intact older subjects, using alprazolam as an active
control [87].

Imidafenacin

Although only available in Asia, imidafenacin has been assessed in older people
regarding its pharmacokinetic oral clearance which is decreased with advancing
age, increasing hepatic function parameters (AST and ALP), food intake and itra-
conazole co-administration [88]. The absorption rate is also decreased with food
intake [89]. There have been reports of reversible cognitive impairment in two older
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Japanese patients (age 79 y), although a causal link was not proven [90]. A study of
cognitive change in 62 patients (age range 25-86 y) with OAB and neurological
disease (including dementia) found no cognitive impairment measured by MMSE
Alzheimer’s Disease Assessment Scale-Cognitive or Frontal Assessment Battery
over the 12 weeks of the study [91].

Mirabegron

Mirabegron is the first commercially available beta-3-agonist for the treatment of
OAB. Theoretically, mirabegron acts by improving relaxation of the detrusor during
filling, a perhaps over simplistic view of its mechanism of action which is slowly
being clarified [92]. Although mirabegron is a weak inhibitor of the p-glycoprotein
system, which might therefore lead to raised central levels of antimuscarinics which
are p-glycoprotein substrates which are actively removed from the CNS (darifena-
cin, 5-hydroxymethyl tolterodine [5-HMT], trospium), there is unlikely to be any
mechanism whereby mirabegron might adversely affect cognition although direct
data are, as yet, lacking.

A pooled analysis examining the short-term efficacy and longer term safety of
mirabegron from patients >65 and >75 years of age included in the four major reg-
istration trials of mirabegron demonstrated a reduction in mean numbers of inconti-
nence episodes and micturitions/24 h from baseline to final visit in patients aged
>65 and >75 years. The drug was well tolerated in both age groups and withdrawals
from treatment were low. Hypertension and urinary tract infection were among the
most common TEAESs over 12 weeks and 1 year. As might be expected, the inci-
dence of dry mouth, a typical anticholinergic TEAE, was up to sixfold higher among
the older patients randomised to tolterodine than any dose of mirabegron [93]. A
recent non-randomised, open-label study examining the effectiveness and safety of
solifenacin (10 mg) and mirabegron (50 mg) in combination versus the single drugs
over 6 weeks in 143 women and 95 men over 65 (average age, 71.2) reported a sta-
tistically significant additional effect of dual therapy versus monotherapy in terms
of a reduction in incontinence episodes [94]. In an open-label single-centre study
involving 60 patients with a mean age of 72.3 years (50-86 years) using urody-
namic variables and the overactive bladder symptom score to assess efficacy, mira-
begron, 50 mg once daily over 12 weeks was associated with a reduction in mean
OAB symptom score (9.4 to 6.2 points [P < 0.001]), a statistically significant
increase in volume at first desire to void and maximum cystometric capacity and an
absence in detrusor overactivity in 14 of 35 patients compared with that at baseline
(P <0.01). There was no change in observed voiding function variables. There was
neither age-stratified reporting of results nor any indication of the frailty status of
older persons in this study [95]. Approximately 1/3 patients in a prospective multi-
armed trial of mirabegron at either the 25 mg or 50 mg dose, in combination with
solifenacin, at either the 5 mg or 10 mg dose, were > 65 years of age [96]. In this
study, likewise there was neither reporting of comorbidity and coexisting medication
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status, nor were results stratified by age. In general, however, in patients with OAB
and UUI, whether or not they had received previous treatment, combined therapy
with solifenacin 5 mg and mirabegron 25 mg and solifenacin 5 mg with mirabegron
50 mg produced additive improvements in efficacy compared with monotherapies.
Approximately 30% of patients across all treatment groups experienced a treatment
emergent adverse effect. Unfortunately, for such a large trial, statistical superiority
of combined therapy for the primary end point of the study was not met.

In a pre-planned analysis of older (>65y) patients participating in the BESIDE study
(approx 30% of 2110) of combination mirabegron and solifenacin showed that the com-
bination of mirabegron 50 mg and solifenacin 5 mg was marginally better than either
solifenacin 5 mg or 10 mg in achieving improvements in disease-related variables. There
was no mention of either comorbidity or coexistent medication. There were no unex-
pected safety concerns, and treatment emergent adverse events were similar across each
group. The authors concluded that combination therapy might achieve a reduction in
anticholinergic load, but the significance of this reduction is purely conjectural [97].

A trial of mirabegron with considerable relevance to the medically complex elderly
addressed the effects of f3-adrenoreceptor stimulation on the left ventricular ejection
fraction of patients with heart failure, albeit this trial was in relatively young patients.
Normally, B3 agonists might be expected to worsen heart failure by a deleterious effect
on cardiac myocyte function in the failing heart, but by reduction in sodium overload,
3-agonism might also be protective. Mirabegron was given at a dose of 150 mg by titra-
tion over 26 weeks to 70 patients of mean (SD) age 58 + 12 years. There was no differ-
ence over the duration of the trial in left ventricular ejection fraction (LVEF) between the
mirabegron- and placebo-treated groups. In a subsequent exploratory analysis, those
patients with the lowest LVEF appeared to benefit from treatment [98].

Mirabegron’s effect on treatment of detrusor hyperactivity and impaired contractile
function (DHIC) compared to its effect on detrusor overactivity has been studied in a
small sample of elderly Japanese patients’ mean (SD) age of 79.3 (9.6) years [99]. A
within-group analysis showed that mirabegron 25 mg was associated with an improve-
ment in the OAB symptom score, urgency severity scale and a global response assess-
ment but not on the International Prostate Symptom Score. Patients with large (volume
not stated) post-void residual volumes (PVR) were more likely than those without to
develop PVR > 180 mL following treatment with mirabegron.

The results of a prospective placebo-controlled randomised controlled trial
(NCT02216214) of mirabegron’s efficacy and safety in patients over the age of 65 years,
with one-third expected to be over the age of 75 are expected to be released in 2018.

Oxybutynin

The majority of older studies in older people used immediate release oxybutynin
(oxybutynin IR). The study by Szonyi et al. examined the effects of low-dose oxybu-
tynin plus bladder training compared to placebo and bladder retraining in the treat-
ment of detrusor instability (as it was then termed) in frail elderly patients living
independently in the community. Frailty was implied, but not defined; bladder
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retraining was defined as postponement of voiding. The study reported a statistically
significant reduction in daytime frequency in the oxybutynin exposed group over the
duration of the study which did not extend to change in incontinence episodes, noctur-
nal incontinence episodes or nocturia. At the end of the study, 79% of oxybutynin-
versus 55% placebo-exposed patients described a benefit of treatment. Five of 30
patients on placebo and 8/30 patients on oxybutynin withdrew early; the proportion of
patients reporting common antimuscarinic side effects was not different between the
groups [100]. There are three studies of extended release oxybutynin (oxybutynin
ER), one examining cognitive effects in nursing home residents with dementia and
urgency UI [101], the other reporting on the effect in cognitively impaired nursing
home residents [102] and the last involving cognitively intact community-dwelling
women over age 65 [103]. The latter trial aimed to compare the efficacy of oxybutynin
extended release three times per day administration of oxybutynin IR in reducing
symptoms of OAB in a community-dwelling female population over the age of 65.
Unfortunately, the study was discontinued because of poor patient recruitment; over
3 years only 23% of the sample size was recruited, and additionally, an interim analy-
sis of results revealed that the anticipated difference in responses to treatment, upon
which the sample size was determined, was not achieved. Published trials of the effi-
cacy of transdermal oxybutynin included subjects up to age 100 and in institutional
care settings but did not stratify results by age or comorbidity [104]. An older small
(n=15) trial of oxybutynin IR and habit training in nursing home residents showed no
effect on Ul episodes [105]. In a larger follow-up study in nursing home residents who
had failed prompted voiding, the addition of titrated oxybutynin IR resulted in a sig-
nificant but modest reduction versus placebo [106]. Wet checks decreased from 27%
at baseline to 20% on drug and 24% on placebo, leading the authors to conclude that
the improvement was not clinically significant especially given the continuing require-
ment for nursing intervention. However, their a priori definition of “clinically signifi-
cant improvement” (one or fewer episodes of daytime UI) was achieved by 40% on
drug but only 18% on placebo (p < 0.05). The dose generally associated with improve-
ment was 2.5 mg three times daily. In a short-term, controlled study of UI in nursing
home residents (n = 24), there was little effect of oxybutynin IR 5 mg twice daily
[107]. Transdermal oxybutynin gel has been reported to have no effect on cognitive
function in healthy older people [108]. Unfortunately, the Phase III trial of the prepa-
ration [109] reported no efficacy data from older patients. Due to concern regarding
the association between anticholinergic drugs and cognition (see above), a number of
articles [110, 111] and national [112] and European guidelines [113] have counselled
against the use of oxybutynin immediate release in frail older adults.

Propiverine

In 46 patients with dementia (mean age 81 y), there was a 40% decrease in urgency
UI with propiverine 20 mg/day for 2 weeks [114], similar to 2 small Japanese trials
[115, 116] and a German trial in 98 patients [117], but these trials are of generally
low quality. Propiverine’s high protein-binding, extensive first-pass metabolism and
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renal clearance [116] need to be considered when used in frail or medically complex
older people. This is borne out by the LUTS-FORTA classification for the drug
[118]. Propiverine’s impact on intraocular pressures has been described in a small
study of older patients, 1 in 24 patients with open-angle glaucoma treated with topi-
cal p-blockers and 1 in 24 patients with narrow-angle glaucoma treated with pilo-
carpine with or without topical f-blockers. Over a week’s treatment with propiverine,
this study found no increase in intraocular pressures in either group, regardless of
previous surgery for their glaucoma. In a trial examining the effect of propiverine on
Mini-Mental State Examination (MMSE) Scores in patients over the age of 70 y
(range, 70-93 y), published only in abstract, no effect on cognition could be found
over 12 weeks of propiverine therapy. The authors stratified the results by baseline
MMSE; there was no effect observed in the lowest scoring group [119].

Solifenacin

A study comparing placebo, solifenacin in addition to mirabegron and solifenacin,
included older people of mean age 71.2 years. All patients had urodynamically diag-
nosed detrusor overactivity [86, 120]. All subjects were assessed using validated ques-
tionnaires, bladder diaries and post-treatment urodynamics. Overall combined therapy
led to more pronounced improvements compared to the monotherapy and placebo
groups. Assessment of severity was significantly improved with combination therapy.
No safety differences were observed. No mention was either made of comorbidity or
frailty, but patients who suffered from chronic active diseases including hypertension
were excluded from the study. A secondary analysis of pooled Phase III data in
patients aged 65 and older (all community dwelling and fit, mean age 72) found simi-
lar efficacy to that reported for younger- and middle-aged persons [21]. However,
direct comparison with subjects <65 yrs. from the same pooled trials was not done.
Adverse effects in older frailer patients have not been specifically reported. However,
data from an open-label, 12-week trial in patients treated by community urologists
found that overall treatment-emergent adverse events were more likely in patients
aged >80 years (OR 3.9 [95% CI 1.3—11.5]) and those taking concomitant medica-
tions (OR 1.8 [95% CI 1.2-2.6]) [121]. Patients with concurrent medications were
more likely to be male and on average about 12—14 years older, have comorbid dis-
ease, and be administered higher doses of solifenacin. There was no increase in heart
rate or blood pressure associated with solifenacin exposure. The cognitive safety of
10 mg solifenacin versus placebo and 10 mg oxybutynin IR was tested in an explor-
atory study in 12 cognitively intact older subjects without OAB. Solifenacin showed
no evidence of impaired cognition or self-ratings of mood and alertness versus pla-
cebo [122]. In a 3-way crossover design, chronic dosing of 5 mg solifenacin, placebo
and 5 mg bid of oxybutynin were compared using a similar battery of tests in 23 older
subjects with mild cognitive impairment. There was no statistically significant effect
on cognition of solifenacin versus placebo. In this study, oxybutynin 5 mg bid was
associated with impairment in power and speed of attention in a post hoc analysis at
1 + 2 h post dose [123].



16  Considerations in the Medically Complex and Frail Elderly 281
Tolterodine

Data from tolterodine studies in older patients allow no judgement to be made about
their frailty, medical complexity or “geriatric” status. Tolterodine has more recently
been used as an active descriptive comparator in mirabegron trials, but there has
been little other research activity. Patients included in RCTs of tolterodine ER were
usually community dwelling, able to complete the requirements of the trial and
appear to have relatively low, where reported, distributions of common comorbid
conditions unlike most frail older persons [124]. Although several trials included
patients in their ninth and tenth decades [124—-126], the mean age (approximately
64 years) was much lower, and no results have been stratified by age. In a secondary
analysis of a large, open-label German trial of tolterodine IR 2 mg twice daily,
higher age was significantly associated with “less favourable efficacy”, but the
absolute difference in odds was only 0.019 and probably insignificant [127]. In a
non-randomised study, tolterodine was given to 48 nursing home residents who did
not respond to toileting alone; 31 of these patients had a 29% increase in dryness
(versus 16% in residents on toileting alone) [128]. There are no prospective data on
tolerability in frail older patients. There have been case reports of hallucinations
(73-year-old woman with dementia [129]) and worsening memory [130], including
in a 65-year-old cognitively intact woman [131]. There is also a case report of delir-
ium when tolterodine was given with a cholinesterase inhibitor [132].

Trospium Chloride

Although often promoted for use in the elderly because of the reduced likelihood
that the drug crosses the blood-brain barrier, and because of a low propensity for
drug-drug interactions, there is only one study assessing trospium in older people,
none in the frail elderly and one in what might constitute the medically complex
elderly. There is also a small study in cognitively intact older people assessing cog-
nitive safety. The first was a subgroup analysis of pooled data for 143 subjects (85
trospium ER, 58 placebo; mean age 79 years and ranging up to 90 years; 73%
female) receiving once-daily trospium 60 mg extended release (ER) or placebo for
12 weeks, followed by 9-month open-label extension periods during which all sub-
jects received trospium ER [133]. At week 12 of the double-blind period, trospium
ER produced greater improvements from baseline than placebo in voiding diary
variables, global assessment and quality-of-life indices. Efficacy and tolerability
persisted among subjects receiving open-label trospium ER for up to 1 year. There
was 10% occurrence of both dry mouth and constipation associated with trospium
exposure. The trial in what might constitute medically complex people on account
of their coexisting medications examined the safety and efficacy outcomes with
trospium chloride XR 60 mg in patients with OAB who were taking seven or more
concomitant medications at baseline. Of all 1135 included patients, 427 were taking
7 or more medications. Among these, there was no significant difference between
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trospium chloride XR and placebo in the proportion of subjects experiencing one or
more TEAEs (64.5% vs 58.3%). The odds of experiencing a TEAE were influenced
by concomitant medication use, but not by randomization to either trospium or pla-
cebo. For those taking >7 concomitant medications, compared to those taking 1-2
concomitant medications, the adjusted odds ratio (OR) for experiencing any TEAE
was 3.39 (95% CI 2.39, 4.80) [134]. The effect of 60 mg trospium chloride once
daily over 10 days on either learning or memory in 12 cognitively intact older peo-
ple (>65-75 years) resulted in no change in standardised testing. Additionally, no
trospium was detectable in the CSF of the subjects at day 10 [135, 136].

Potentially Inappropriate Drugs for Older Persons

There are a number of frameworks which consider appropriate prescribing for older
people. The generation of such guidance is often consensus driven, given the nature
of underlying evidence, but they do, in general, have clinical utility. A revised Beer’s
criteria was introduced in 2015 [137]. These guidelines focus on drugs with lower
risk-benefit ratios and higher potential for drug-drug and drug-disease interactions
and are used for nursing home regulation and quality performance measurement.
The concerns regarding oxybutynin and tolterodine in causing urinary retention
have been removed. All bladder antimuscarinics are included with respect to their
anticholinergic properties. More recently, a system for prescribing appropriate med-
ications for older persons, the Fit for the Aged (FORTA) criteria, has been published
with respect to drugs for lower urinary tract symptoms [118]. These guidelines sys-
tematically review available evidence for the use of medications in the population
studied (in this case adults >65y with multimorbidity) and assign levels of appropri-
ateness according to the available data. A Delphi process is used to assign drugs into
Absolutely, Beneficial, Caution and Don’t criteria. Of all lower urinary tract drugs,
fesoterodine achieves a Beneficial grade. The majority of drugs were placed into the
Caution category, reflecting either deficiencies in, or absence of, available data.

Conclusion

Whilst there is still a relative dearth of pharmacotherapeutic studies in either medi-
cally complex or frail older men and women, things are slowly improving. The
quality of trials has improved as an effect of time, as much as anything else.
Practitioners should be aware of factors in the management of this group of indi-
viduals that need to be taken into account when prescribing for OAB and urgency
incontinence including LUT and non-LUT factors. As with any of the drugs for
OAB, a chronic disease management approach, including regular review and coun-
selling, should be adopted to maximise adherence to treatment and to give realistic
expectations of symptom resolution.
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Chapter 17
Individualizing Drug Therapy

Ricardo Palmerola and Victor Nitti

Pharmacotherapy for overactive bladder (OAB) has been a mainstay of treatment
for many years. Currently available oral, transdermal, and intravesical agents offer
patients a significant reduction in urinary frequency, urgency episodes and urgency
urinary incontinence episodes [1]. There are a number of pharmacologic agents and
a mounting preponderance of evidence which suggest that overall, anticholinergic
medications perform equally in their clinical efficacy [1, 2]. Furthermore, mirabe-
gron has also been noted to have comparable clinical efficacy to anticholinergic
medications for idiopathic OAB [3]. Oral, transdermal, and intravesical medication
options have been shown to be superior to placebo in their effectiveness; thus the
question becomes which medication is best suited for an individual patient. By
exploiting a drug’s particular characteristics, today’s clinician can better tailor drug
therapy using the vast menu of medical options. In the following chapter, the major
oral drug classes for OAB will be reviewed with attention to pharmacological
nuances that standout to clinicians. Next, considerations for individualizing therapy
will be discussed for the major drug classes.
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Part I: Common Oral Pharmacotherapies’ Review

Oral Pharmacotherapies
Antimuscarinic Agents

As per the American Urological Association (AUA)/Society of Urodynamics,
Female Pelvic Medicine and Urogenital Reconstruction (SUFU) Guideline on
OAB, first-line therapy for OAB consists of behavioral therapies (diet and fluid
modifications, pelvic floor exercises, etc.). Medical therapy can be instituted along
with first-line treatment or utilized alone as a second-line treatment [1].
Anticholinergics have been very effective in treating OAB symptoms by blocking
the muscarinic receptors controlling uninhibited detrusor contractions, which are
largely thought to play a role in OAB (see Chap. 6) [4]. As discussed in Chap. 6,
muscarinic receptors (M1-5) are widespread through the body, while the M2/M3
receptors present in the urinary tract are frequently targeted for drug development
[4]. The ubiquitous nature of the muscarinic receptors makes drug dosing challeng-
ing, particularly in patient populations where side effects may become problematic
in successful management. Unfortunately, this drug class’ therapeutic potential has
been limited by drug tolerability, compliance to therapy, and persistence on therapy
[5-8]. It has been demonstrated that up to 80% of patients will discontinue therapy
within the first year and an even more staggering 50% will abandon therapy alto-
gether [8, 9]. Nonetheless, antimuscarinics play a critical role in the management of
OAB, and familiarity with the major drugs in this class should be in every treating
clinician’s armamentarium. Additionally, clinicians prescribing antimuscarinics
should be familiar with dosing individual medications and titrating doses as dictated
by clinical efficacy and tolerability. In general, beginning with a low dose of a medi-
cation and increasing the dose to meet the needs to the patient with consideration
toward side effects and tolerability are recommended. Clinical trials for several anti-
muscarinics (solifenacin, oxybutynin ER, darifenacin, fesoterodine) have shown
that nearly half of patients will request dose escalation if given the option and those
that request higher doses of therapy tend to have more severe symptoms [10-14].
The following discussion will review some of the agents commonly used in clinical
practice for idiopathic OAB.

Oxybutynin Chloride Oxybutynin has been a therapeutic option for almost
five decades and has stood the test of time with regard to efficacy [15]. Along
with other anticholinergics, its safety profile, particularly in the elderly, has
been called into question [16—18]. Nonetheless, the drug will continue to be
relevant as a therapeutic option as it is widely available for the majority of
patients treated. Oxybutynin is available in an immediate-release (IR), extended-
release (ER), transdermal gel, and transdermal patch. Oxybutynin exerts its
effect on the detrusor smooth muscle by competitively antagonizing acetylcho-
line at post-ganglionic M1-M3 receptors and to a lesser degree, it also exerts a
local anesthetic action on the bladder [15, 19, 20].
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Pertinent Pharmacology Oxybutynin chloride is a small lipophilic drug that is
metabolized by cytochrome P450A4 (CYP3A4) in the liver as well as the intestinal
wall. The first-pass metabolite is N-desethyloxybutynin (DEO) which becomes
clinically relevant as this compound is thought to produce unpleasant side effects
like dry mouth [15]. Following ingestion of oral formulations of oxybutynin,
approximately 6% is available as the parent compound, whereas DEO plasma levels
are approximately 5—12 times greater [15, 21]. Furthermore, oxybutynin formula-
tions that avoid first-pass metabolism have a significantly higher ratio of the desired
parent compound vs. DEO [15]. Transdermal formulations that bypass hepatic
metabolism benefit from a higher bioavailability of the desired compound oxybu-
tynin and lower serum concentrations of the metabolite DEO which is largely
responsible for anticholinergic side effects [22]. Ultimately these formulations
translate into greater tolerability for the patient with the comparable efficacy with
regard to reducing incontinent episodes [23]. For example, in the phase II study
comparing immediate-release oxybutynin with transdermal oxybutynin, less than
half of patients experienced dry mouth, and both treatment arms had a comparable
decrease in incontinent episodes [23, 24].

Aside from the first-pass effect, several other properties need to be kept in mind
when prescribing oxybutynin. First, patients using oxybutynin IR should be warned
that ingestion with food causes a delay in absorption and an increase in bioavail-
ability by 25% [15]. This may be helpful to the clinician when titrating the medica-
tion as one can potentially optimize medical therapy in select patients who need
higher doses of oxybutynin (neurogenic bladder). On the other hand, elderly patients
or those who have experienced unwanted side effects should be warned of this
potential or be started on a lower dose (i.e., 2.5 mg bid for elderly) if the patient
normally takes medications with meals. Other formulations of oxybutynin
(extended-release, transdermal) have shown steady absorption regardless of food
ingestion [20]. The pharmacokinetics of oxybutynin vary with the type of formula-
tion. Briefly, oxybutynin IR is absorbed most rapidly (1 h) and achieves steady state
at 72 h (as does oxybutynin ER), whereas steady state is achieved in 4 days and
1 week for the transdermal patch and gel, respectively [15]. The half-life is longest
for the transdermal formulations, making them appealing for patients who may have
difficulty committing to daily dosing [22]. Furthermore, transdermal formulations
avoid peaks and troughs of serum concentrations that are associated with oral for-
mulations [25]. For some patients, the quicker onset and shorter duration of action
may be preferable, but for most patients the more consistent serum drug levels asso-
ciated with extended-release formulations are preferred due to the lower side effects
associated with avoiding high serum peak levels of oxybutynin and DEO.

Special consideration must be taken when prescribing oxybutynin as it metabo-
lized by the liver enzyme CYP3A4. Drugs that induce this enzyme reduce the serum
concentration of oxybutynin in contrast to drugs that inhibit the enzyme increase the
serum concentration (Table 17.1). As illustrated in the table, caution should be taken
when prescribing oral oxybutynin to patients with metastatic prostate cancer
(enzalutamide), breast cancer (tamoxifen), leukemia (imatinib), fungal infections
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Table 17.1 Common Inhibitors increase [serum]* | Inducers decrease [serum]?

CYP4503A4 inhibitors and Amiodarone Carbamazepine

inducers -
Cyclosporine Dexamethasone
Diltiazem Enzalutamide
Erythromycin Phenytoin
Clarithromycin Prednisone
Fluconazole Rifampin
Ketoconazole Phenobarbital
Itraconazole Topiramate
Indinavir/ritonavir Pioglitazone
Tamoxifen Capsaicin
Verapamil Modafinil
Imatinib St. John’s wort
Grapefruit
Valerian root

aEffect on anticholinergic drug [serum]

(azole antifungals), and certain immunosuppressed patients (cyclosporine).
Transdermal formulations bypass metabolism by CYP3A4 enzymes in the liver,
thus making them an option for patients at risk for potential drug-drug
interactions.

Side Effects Review Dry mouth and constipation tend to be the most frequently
encountered side effects that have a major impact on dose limitation for oral formu-
lations. Dry mouth, in particular, has been reported in up to 60—70% of patients and
is a major cause of drug discontinuation. However headache, dry eyes, blurred
vision, and somnolence do occur in up to 10-20% of patients [20, 21]. One must use
this medication judiciously in patients at high risk for incomplete bladder emptying
(elderly, frail, detrusor underactivity, etc.); however, the risk of urinary retention
remains low in most ambulatory patients. Certain patient populations that are at
potentially higher risk of adverse effects should be offered other therapies. For
example, patients with various gastrointestinal disorders should be counseled on
potential adverse effects. Patients with inflammatory bowel disease must be warned
of the risk of toxic megacolon as oxybutynin may affect gastric motility. Additionally,
diabetic patients with gastroparesis should also use caution as to the risk of gastric
retention. Patients with a history of constipation, or those who consume a low-fiber
diet, should also be warned of a potential to exacerbate their symptoms.

As discussed, transdermal formulations avoid the first-pass effect and dissemina-
tion of the metabolite DEO, translating into a lower risk of undesirable side effects
(namely, xerostomia). The risk of dry mouth is not completely eliminated but is
greatly reduced to approximately 7% [26]. Transdermal application does come with
unique side effects including application site erythema, rash, and pruritus. Although
these reactions appear to be minor, they can occur between 3% and 32% of patients
which lead to drug discontinuation [27, 28].
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Dosing Please refer to Tables 17.2 and 17.3 and Chap. 6 for specific dosing proto-
cols. Oxybutynin dosing varies across formulations and can be tailored to the needs
of the patient. Oral oxybutynin for adults and children can be administered for
immediate-release (IR), extended-release (ER), or liquid formulation (elixir).
Oxybutynin IR can be dosed at 2.5 mg or 5 mg doses two or three times daily. For
elderly patients, we recommend beginning therapy with 2.5 mg tablets two times
daily and monitoring adverse effects closely. The 5 mg tablets may be cut in half by
a caretaker, if acquiring 2.5 mg tablets becomes difficult. For most adults with idio-
pathic OAB, we begin therapy with 5 mg tablets three times daily. In our practice
we prefer using extended-release formulations as we have found patients prefer a
once-daily formulation and side effects seem to be better tolerated. For most adults
on an extended-release formulation, we begin therapy at 5 mg daily and increase the
dose up to a maximum of 20 mg per day. Dose increments of 5 mg can occur with
at least 1 week intervals to assess for tolerability.

Liquid formulations can be useful when administering oxybutynin to children or
adult patients who cannot tolerate oral pills. It is important to note that liquid oxy-
butynin or oxybutynin syrup is an immediate-release formulation and the dosing
should be based according to this property. Oxybutynin liquid is dosed in milliliters
(mL) where 1 mL is equivalent to 1 mg of oxybutynin. For adults the usual dose is
5 mL (5 mg) two to three times daily. Children over 5 years of age with neurogenic

Table 17.2 Dosing anticholinergic medications in patients with renal impairment and hepatic
dysfunction

Tolterodine | Tolterodine
ER IR Fesoterodine | Trospium Darifenacin Solifenacin
Level of renal
impairment*
Mild/moderate | Standard Standard Standard Standard Standard dosing | Standard dosing
dosing dosing dosing dosing
Severe 2mgdaily |1 mgbid |4 mgdaily |20 mg daily Standard dosing | 5 mg daily
(extended-
release not
recommended)
Level of
hepatic
impairment®
Mild/moderate| 2 mg daily | 1 mg bid Standard N/A¢ 7.5 mg daily 5 mg daily
dosing (moderate) (moderate)
Severe N/A© N/A® N/A¢ N/A¢ Contraindicated | Contraindicated

ER extended-release, IR immediate-release

aMild renal impairment: creatinine clearance = 60-89 mL/min

Moderate renal impairment: creatinine clearance = 30-59 mL/min

Severe renal impairment: creatinine clearance <30 mL/min

"Mild/moderate hepatic impairment: Child-Pugh classifications A and B, respectively
Severe hepatic impairment: Child-Pugh classification C

‘Data not available and thus dosing parameters are not defined
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bladder can be dosed up 15 mL daily; however, younger children should be dosed
according to their weight. We typically use 0.2 mg/kg/dose every 8 h for children
under 5 years of age.

Transdermal formulations are dosed according to their delivery system. Oxybutynin
transdermal patches (Oxytrol®, Allergan, Irvine, CA, USA) contain 36 mg of oxybu-
tynin in a 39cm? system and deliver 3.9 mg/day. The patch should be changed every
3—4 days by removing the old patch and reapplying the new patch in a different site.
The patch must be placed on dry, intact skin, and we recommend patients avoid stren-
uous activity or bathing immediately after placement. Transdermal gel (Gelnique
3%®, Allergan; Gelnique®, Allergan) can be applied directly to the dry, intact skin
and should also be covered with clothing to avoid transmission to close contacts. One
heat-sealed sachet of Gelnique® should be applied daily, or three pumps of Gelnique
3%® can be applied daily. Although transdermal formulations are safe and effective
in adults, their safety has not been well established in pediatric patients, and caution
should be advised prior to prescribing.

Solifenacin Solifenacin (Vesicare®) is a competitive muscarinic antagonist that
acts predominantly on the M; receptor. Solifenacin acts primarily in the bladder and
has a lower affinity for the muscarinic receptors of the salivary glands. In vitro stud-
ies have shown that solifenacin is approximately 40-fold less potent than oxybu-
tynin in inhibiting salivary secretions and in animal models there was a 3.5-6.5
functional selectivity for bladder smooth muscle over salivary tissue [29] . This
offers some theoretical advantages, but unfortunately the side effect of dry mouth
still limits its use in some patients.

Pertinent Pharmacology Solifenacin is a lipophilic compound that undergoes
passive diffusion in all three segments of the small intestine. Absorption is not sig-
nificantly affected by food intake and thus can be administered in the fasting or fed
state without affecting serum drug levels [30]. Solifenacin’s bioavailability is
approximately 88% with less than 15% variability between subjects when adminis-
tered orally. Solifenacin reaches Cmax (maximum plasma levels) within 3-8 h fol-
lowing administration and is widely distributed throughout the body reaching a
volume of distribution of 600 liters [29, 30]. Steady state can be achieved in most
patients after 10 days of consistent dosing; thus patients should be counseled appro-
priately upon treatment initiation. Although animal studies have demonstrated
changes in EEG patterns following 4-52 weeks of treatment, similar studies have
not been reproduced in humans [29]. Fortunately, solifenacin is ionized in neutral
pH and is strongly bound to serum proteins (predominantly o;-acid glycoprotein)
making the drugs’ blood-brain barrier (BBB) permeability less likely. The drug
itself has less affinity for M, receptors present in the central nervous system, further
limiting its effects in cognition [31].

Solifenacin undergoes hepatic metabolism primarily by CYP3A4 into four
metabolites. Except for 4R-hydroxy solifenacin, the other metabolites are inert and
do not have pharmacological activity. 4R-hydroxy solifenacin does have similar
receptor-binding properties to the parent compound (M; receptor affinity) but is
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present as such low concentrations that it is not considered to have a significant
effect on efficacy or side effects. Excretion of solifenacin and its metabolites occurs
predominantly through the kidneys (approximately 23% in feces) with approxi-
mately 10% being excreted unchanged in the urine. The elimination half-life fol-
lowing chronic use is 45-68 h; however, in patients 65-80 years of age, the expected
half-life is approximately 20-25% higher [30].

Drug Interactions Drug interactions can occur if solifenacin is administered with
CYP3A4 inhibitors or inducers (see Table 17.1). The drug should be used with cau-
tion when used concomitantly with CYP inhibitors, and the dose should not exceed
5 mg daily in patients on such drugs.

Side Effects Solifenacin’s side effect profile is similar to that of the other antimus-
carinics used for the indication of OAB with the most common side effects being
dry mouth, constipation, and blurry vision. Dry mouth seems to be dose related,
occurring in less than 10% of patients with 5 mg dose and 17-28% of patients with
the 10 mg dose [30, 32]. Constipation rates were similar irrespective of daily dose
administered [33]. Solifenacin’s rate of dry mouth is among the lowest in its class
and thus should be considered for patients with preexisting symptoms of dry mouth
(i.e., Sjogren syndrome) or in those that may have difficulty tolerating other medi-
cations in the antimuscarinic class when an antimuscarinic is truly desired.

QT interval prolongation has been reported with solifenacin, particularly at doses
of 30 mg (three times higher than the highest recommended dose). Although this
warning is rarely clinically relevant, one must consider this as a potential risk in
patients who receive CYP inhibitors, patients with renal or hepatic impairment, or
patients with cardiac risk factors.

Dosing Solifenacin is available in 5 mg and 10 mg tablets in the United States.
Treatment can begin with a 5 mg daily dose and increased to 10 mg if necessary.

Tolterodine Tolterodine is a competitive muscarinic antagonist that is available as
an immediate-release or as an extended-release formulation. Tolterodine purport-
edly has a stronger affinity for muscarinic receptors in the bladder over those in the
salivary glands, and it is one of the first medications designed specifically for the
treatment of OAB.

Pertinent Pharmacology Once administered, tolterodine is absorbed in the small
intestine, and Cmax is attained within 2 h of administration. Extended-release tolt-
erodine reaches Cmax between 2 and 6 h after administration [34]. It must be noted
that food ingestion does affect the absorption of immediate-release tolterodine and
increases the bioavailability by approximately 53%. Both extended- and immediate-
release formulations are metabolized by the liver and mediated by CYP2D6, which
produces the biologically active metabolite 5-hydroxymethyl metabolite (5-HMT)
[35]. It must be noted that there is genetic polymorphism of CYP2D6, and this
results in patients who are poor metabolizers and those that are extensive
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metabolizers. Approximately 7% of Caucasians are poor metabolizers and rely on a
separate pathway mediated by CYP3A. The result in poor metabolizers will have a
higher serum concentration of tolterodine in comparison with the 5-hydroxymethyl
metabolite. Excretion is primarily in the urine, with a small portion in the feces with
less than 1% being the intact parent compound. The half-life of IR formulations is
2-3 h and 10 h for poor metabolizers; ER has a half-life of 6 h and 11 h for poor
metabolizers [34].

Side Effects Tolterodine produces adverse effects in approximately 20-30% of
patients including dry mouth, constipation, and blurry vision [34, 36]. There have
been reports of peripheral edema; however, specific incidence rates are unavailable.
Tolterodine (among other antimuscarinics) have the potential to result in QT prolon-
gation through effects on potassium channels in the heart [37]. It has also been noted
to increase the QT interval at higher than the recommended doses; however, this
should be considered as poor metabolizers which can reach higher serum plasma
levels with normally prescribed doses. Tolterodine has the potential to produce CNS
side effects; however, there are reports that show that there is minimal penetration of
the blood-brain barrier, thus lowering its potential for CNS side effects [38].

Dosing Tolterodine IR is available in 1 or 2 mg tablets administered twice daily.
Tolterodine ER is available in 2 mg and 4 mg tablets administered once daily.
Although the drug undergoes its most extensive metabolism with CYP2D6, clini-
cians should exercise caution when prescribing with strong inhibitors of CYP3A4 in
patients who are considered poor metabolizers.

Fesoterodine Fesoterodine is an extended-release medication used for the treat-
ment of OAB. The parent compound is de-esterified rapidly in the serum to the
active metabolite 5-HMT (the same active metabolite as tolterodine) which has
activity as a competitive muscarinic receptor antagonist. The bioavailability of
5-HMT is approximately 52%, and Cmax (maximum plasma levels) is achieved
after 5 h. Food intake does not affect bioavailability or plasma concentrations.
Fesoterodine is converted to 5S-HMT by non-specific esterases and then undergoes
hepatic metabolism [39]. Approximately 15% of the administered dose is recovered
in the urine as 5-HMT, which may contribute to local effects on the urothelium. The
CYP2D6 and CYP3A4 enzymes are additional routes for elimination, and the
metabolites that result from their actions are inert. The half-life of the medication
spans 7-9 h after oral administration [40].

Side Effects Dry mouth occurs in approximately 19-22% of patients taking 4 mg
and 34-36% for 8 mg doses [41]. Fesoterodine can cause an increase in heart rate
as a result of its blockade of muscarinic receptors in the sinoatrial or atrioventricular
nodes (M,). Increases in heart rate are dose related with a mean increase in 3 bpm
for the 4 mg dose and 4 bpm for the 8 mg dose [42]. Rates of constipation are low
(5%), and thus this may be a suitable option for patients at risk of developing con-
stipation or those with preexisting gastric motility disorders [13, 43].
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Dosing Fesoterodine is available in 4 mg and 8 mg doses in the United States. For
most adult patients and elderly, 4 mg can be administered daily. After assessing an
individual patient’s response, this dose can be increased to 8§ mg.

Trospium Trospium is a quaternary amine with parasympatholytic properties by
acting as a competitive antagonist of acetylcholine at the M, M,, and M; receptors.
Trospium has a high affinity for muscarinic M1-M3 receptors and ultimately leads
to smooth muscle relaxation at low serum concentrations. Ultimately, trospium
binding to muscarinic receptors leads to decreased tone in smooth muscle, particu-
larly in the bladder and gastrointestinal system. Most importantly, being a quater-
nary amine makes it a hydrophilic molecule that does not readily cross the
blood-brain barrier [44]. Trospium is the only anticholinergic for OAB that does not
cross the BBB.

Pertinent Pharmacology After ingestion, less than 10% becomes bioavailable,
and peak plasma concentrations are reached approximately 6 h after ingestion. The
medication should be taken on an empty stomach or 1 h prior to meals as its absorp-
tion can be decreased when taken concomitantly with food, and such administration
may decrease plasma concentrations by over 50% [45]. The drug’s metabolism has
not been completely described, but in contrast to other OAB medications, cyto-
chrome P450 is not thought to play a role in the elimination of the drug [44]. The
half-life for the immediate-release formulation is approximately 20 h and 35 h for
extended release [46].

Side Effects Due to several of this drug’s pharmacologic properties, its side effect
profile is unique. For example, approximately 60% of the drug is excreted in the
urine unchanged from the parent compound [47]. Theoretically this could lead to
local therapeutic effects and less systemic side effects than are observed with other
anticholinergics; however, this has not been borne out in clinical trials. The most
commonly reported side effect is dry mouth, which occurs in 4-20% of patients,
and whereas constipation is encountered in approximately 10% of patients [44, 48].

Dosing Trospium can be administered as a 20 mg tablet twice daily or a single
60 mg extended-release tablet. As discussed, trospium should be taken orally, at
least 1 h prior to meals. Dosing should be modified to 20 mg daily with patients with
severe renal impairment (creatinine clearance<30 mL/min), and caution should be
utilized in patients with hepatic impairment.

Darifenacin Darifenacin is a positively charged tertiary amine that is a competitive
receptor antagonist with a very high affinity for M3 receptors (M3 > M1/M5> > M2/
M4). In theory, the drug’s affinity for M3 receptors should translate into better effi-
cacy in reduction of OAB symptoms while minimally exacerbating side effects
[49]. However this has not proven to be true in clinical practice as its efficacy in
treating OAB is comparable to the other drugs in its class and constipation is a fre-
quent concern due to its M3 selectivity.
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Pertinent Pharmacology Extended-release darifenacin is absorbed throughout
the small intestine and colon with peak plasma concentrations reached between 7
and 11.5 h. The drug reaches a steady state after 6 days, and the bioavailability is
approximately 15% for the 7.5 mg dose and 19% for the 15 mg dose. Extended-
release darifenacin bypasses first-pass metabolism and as a result has a twofold
higher bioavailability. Darifenacin is distributed widely with a volume of distribu-
tion of 163 liters and largely bound to plasma proteins.

Darifenacin undergoes extensive hepatic metabolism; thus caution should be
used in patients with multiple comorbidities. Hepatic metabolism is mediated by the
enzymes CYP2D6 and CYP3A4. As discussed earlier there may be genetic varia-
tion in the community with regard to CYP2DG6; however, poor metabolizers of
CYP2D6 do not experience significant differences in plasma levels as the substrate
is channeled to the CYP3A4 pathway. Darifenacin has a long half-life when steady
state is achieved, which can range from 13 to 19 h. Most of the parent compound is
metabolized into inert metabolites, and approximately 60% is excreted in the urine
[50, 51].

Side Effects Due to darifenacin’s high affinity for the M3 receptor, adverse effects
including dry mouth and constipation are comparable to other antimuscarinics;
however, this did not lead to excessive discontinuation of the drug in multicenter
trials [52, 53]. Darifenacin is a large, charged molecule, and thus central nervous
system (CNS) side effects (cognitive impairment, somnolence, and dizziness) are
infrequently troublesome which makes it a particularly useful drug in the elderly.
Furthermore, darifenacin is a substrate for the p-glycoprotein drug efflux transporter
present in the CNS, thus limiting its ability to affect cognition.

Dosing Extended-release darifenacin is available in 7.5 mg and 15 mg tablets and
can be taken with food. One can begin therapy at 7.5 mg and increase to 15 mg daily
as dictated by the patient’s clinical response and tolerability. Elderly patients should
be started on 7.5 mg and monitored closely as serum levels have been found to be
higher than younger patients beginning therapy. Patients with severe hepatic impair-
ment should not be offered darifenacin, and caution should be exercised in those
with moderate hepatic dysfunction (doses should not exceed 7.5 mg daily).
Darifenacin can be used safely in patients with renal impairment as a result of
chronic kidney disease, and dose modification is not required. Patients who take
medications which are strong CYP2D6 inhibitors (cimetidine, terbinafine, parox-
etine) and strong CYP3A4 inhibitors (fluconazole, erythromycin, grapefruit) should
be monitored closely after starting at a dose of 7.5 mg.

p3-Agonists

The first p3-agonist approved for OAB was mirabegron, and it remains the only
commercially available formulation worldwide. Like antimuscarinics, it is currently
recommended as a second-line therapy for OAB or can be initiated simultaneously
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with behavioral therapy [1]. In contrast to antimuscarinic medications which inhibit
stimulatory input to the bladder, mirabegron acts on an alternative pathway produc-
ing detrusor muscle relaxation during the storage phase by acting as an agonist on
the most abundant p-receptor in the urinary bladder (B3-receptor) [54]. As a result,
mirabegron does not produce the typical anticholinergic-related adverse effects
common to most OAB pharmaceuticals (dry mouth, constipation, etc.) and contrib-
utes to better tolerability.

Pertinent Pharmacology The oral bioavailability of mirabegron is dose depen-
dent and reaches up to 54% after ingestion. Peak serum concentration is attained
after 3-5 h, and approximately 70% of the drug is plasma protein bound (albumin
and a-1 glycoprotein). Mirabegron has a wide volume of distribution (1670 liters)
and undergoes metabolism in the liver. Several liver enzymes are involved in the
drug’s metabolism including uridine diphospho-glucuronosyltransferase, alcohol
dehydrogenase, butylcholinesterase, and to a minor extent CYP3A4/CYP2D6. It
does act as a minor to moderate CYP2D6 inhibitor; thus medications should be
reviewed prior to administration [55]. Approximately ten metabolically inert
metabolites are produced during the drug’s metabolism, and the elimination half-
life is 50-65 h. The drug is most likely secreted in the renal tubules, and this leads
to a significant increase in the Cmax in patients with mild to severe renal impair-
ment [56]. Cmax is also affected by hepatic impairment, and patients with mild and
moderate disease can have plasma levels rise by approximately 19% and 65%,
respectively [56].

Side Effects One of the advantages of treatment with mirabegron is that the clini-
cian can circumvent the bothersome adverse effects associated with anticholinergic
medications. Rates of dry mouth, constipation, and headache were comparable to
placebo groups in phase III studies [57]. Cardiovascular side effects can potentially
occur with mirabegron and include hypertension and tachycardia. Hypertension has
been reported to be associated with treatment (and is listed as a side effect in many
countries); however, this was not observed to be a dose-related phenomenon in
phase III studies, and its incidence was comparable to placebo [57]. Urinary side
effects can occur, with urinary tract infection being the most common. Although
urinary retention is a potential risk, it should be noted that the drug acts by decreas-
ing the frequency of involuntary detrusor contractions with little effect over detrusor
contractility during the voiding phase [58, 59]. Overall, the drug is well tolerated
with a low potential for serious adverse events or drug interactions [54].

Dosing Mirabegron is available in both 25 mg and 50 mg doses in the United States
and Canada. The recommended starting dose is 25 mg daily, and in most healthy
patients, the dose can be increased to 50 mg daily. Based on tolerability and side
effects reported in clinical trials, we feel comfortable starting healthy patients on
50 mg daily; however, caution must be exercised when beginning therapy at this
dose. Food does not affect the bioavailability of the medication, and all efforts
should be made to take the medication at a consistent dosing interval. There are few
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medications that interact with mirabegron; however, caution is advised for CYP2D6
substrates like metoprolol. Patients with mild to moderate renal disease may be
prescribed 25 or 50 mg daily, meanwhile patients with severe renal impairment
should not exceed 25 mg daily. Although most patients taking mirabegron do not
experience worsening hypertension, patients with renal impairment should be mon-
itored closely as they are higher risk of uncontrolled hypertension secondary to their
disease state. Patients with moderate hepatic impairment should not exceed 25 mg
daily, while patients with mild hepatic disease do not need dose adjustment.

Part II: Individualizing Therapy

In order to achieve maximum efficacy of OAB pharmacotherapy, compliance with
medications must be assured by understanding the pitfalls of medical therapy in the
context of the patient being treated. Similar to other chronic syndromes, OAB medi-
cation persistence rates are poor. There are multiple reasons for discontinuation, and
they are similar to other medications, including poor patient education and com-
munication [7, 60, 61]. Thus, prior to beginning medical treatment for OAB, one
must consider several factors to optimize pharmacotherapy. First, patient expecta-
tions and goals should be assessed so that the clinician can educate the patient on
realistic outcomes. Patient education is paramount prior to beginning therapy to
help patients understand how therapy can be tailored to their needs and most impor-
tantly so that they understand options are available if oral pharmacotherapy is not
sufficient to control their symptoms. Initial therapy offered should be customized to
the patient’s goals with oral pharmacotherapy, with emphasis on their expectations
and comfort level with potential side effects. Despite the clinical efficacy of many
oral pharmacotherapies, patient persistence on therapy for OAB is one of the lowest
when considering all chronic conditions [9]. For example, in one recent study after
1 year of therapy, 65-85% patients discontinued anticholinergic agents, and up to
62% discontinued mirabegron [62]. Although it is easy to conclude that medication
side effects, inconvenience of administration, and/or cost may be limiting persis-
tence rates, if it was simply a result of these factors, it would be difficult to explain
the patients who remain on pharmacotherapies when they perceive an improvement
while simultaneously being affected by side effects. The reality is that a large pro-
portion of patients discontinue prescribed OAB medications as a result of unmet
treatment expectations [7]. One can also assume that many patients who discontinue
oral therapy abandon OAB therapies altogether based on the equally disappointing
numbers of patients that progress to third-line therapies (onabotulinumtoxinA, neu-
romodulation) [63]. Therefore, the most critical aspect of managing pharmacother-
apy for OAB is not only setting proper expectations but also knowing how to
individualize therapy to optimize patient satisfaction and assure compliance.
Knowing when to “pull the trigger” and move on to another therapy (be it drug or
other) requires a firm understanding of the patient’s goals and symptom severity.
Therefore, attempts at enhancing their ability to enjoy overall satisfaction with
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treatment outcomes may lead to better persistence rates. This underscores the
importance of selecting the proper agents and doses to maximize the therapeutic
efficacy and minimize side effects. Some patients desire maximum efficacy and are
willing to tolerate a certain degree of side effects to achieve that, while other may be
satisfied with less improvement in OAB symptoms if side effects can be minimized
or avoided. Thus, a sound assessment of the patient’s most bothersome symptoms
must be factored into the therapeutic plan in order to balance expected drug efficacy
with tolerability. Regular follow-up should also be instituted when initiating therapy
or when modifying a drug’s doses. This becomes important when managing side
effects, evaluating treatment outcomes, and deciding whether to implement third-
line agents [64]. Without adequate follow-up, the opportunity to intervene and dose
titrate (up or down), change medication, consider combination therapy, and intro-
duce third-line therapy to a dissatisfied patient may be missed. Patient comorbidities
should always be assessed, as treatment plans should always aim at improving qual-
ity of life while not adding unnecessary harm. Finally, cost of therapy should also
be considered when counseling patients on treatments, and attempts to provide a
reasonable alternative should be implemented when medications are cost
prohibitive.

Although current options for initial pharmacotherapy may include both anticho-
linergic medications and P3-agonists, for the purposes of this discussion, the anti-
cholinergic class will be discussed first. As discussed anticholinergic medications
have been the mainstay of medical therapy for years and treatment with these medi-
cations having resulted in improvements in mean daily urgency episodes, number of
incontinence episodes, and number of micturitions per day. Furthermore, therapy
with anticholinergic medications can improve quality of life for patients with OAB,
and significant improvements can be seen in most quality-of-life domains studied
[65]. Despite the improvements in symptom control, persistence rates remain low as
described above. The most commonly quoted reasons for discontinuation include
bothersome side effects and insufficient symptom control; however, other factors
such as cost must be considered in today’s healthcare environment [66]. Studies to
compare the relative efficacy of anticholinergic medications have been performed
and concluded that there is no significant difference in efficacy between these drugs
[1]. However, there are differences between the anticholinergic medications in
terms of drug tolerability which may translate into longer persistence rates [2].
Thus, when initiating therapy one must consider how to maximize the efficacy and
compliance for a particular drug, minimize side effects, and determine an adequate
cutoff point to either change oral medications or move on to third-line OAB treat-
ments (onabotulinumtoxinA, neuromodulation).

The AUA/SUFU OAB Guideline stresses several general considerations when
considering which antimuscarinic medication to begin. First, extended-release for-
mulations should be prescribed whenever possible in order to decrease risk of dry
mouth as a side effect. For example, 40% of patients taking oxybutynin ER will
experience dry mouth in comparison with 69% in those prescribed the immediate-
release agent [1]. Extended-release formulations are also preferable as many
extended-release anticholinergics can be dosed once daily. Furthermore,
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extended-release formulations are not affected by food intake and can potentially
improve compliance especially for patients taking other medications. This not only
becomes important for practical reasons, but extended-release formulations lead to
a predictable pharmacokinetic response which is not affected by external variables
(patient administers medications sporadically, concomitant food intake, etc.).
Second, for patients who experience dry mouth as a result of oxybutynin, transder-
mal formulations may be considered as the serum levels of the active metabolite
N-desethyloxybutynin are significantly lower [15]. It should be noted that at the
time of this publication, access to transdermal oxybutynin has been limited, and
certain pharmacies may not carry the medication. Furthermore, the cost to the
patient has become comparable to nongeneric antimuscarinics further limiting its
use [22].

Several factors must be considered prior to beginning anticholinergic therapy
including the patient’s medical comorbidities, the current medications, and the
properties of the drugs being considered. In general, anticholinergic medications for
OAB are well-tolerated and safe to use in most patients. However, there are certain
considerations that must be taken prior to prescribing the medication. One medical
condition that must be evaluated is narrow-angle glaucoma [1]. Patients should be
discouraged from anticholinergic therapy if the patient has not been treated, for this
condition as administration of an anticholinergic can induce acute glaucoma which
is considered a medical emergency [67]. In most circumstances, narrow-angle glau-
coma is very symptomatic, and patients are treated expeditiously. Most community-
dwelling patients being treated for glaucoma have the open-angle variety. However,
if the history is unclear, one must consult with the patient’s ophthalmologist prior to
starting treatment. Additionally, two conditions that may be exacerbated by anticho-
linergic therapy include gastroparesis and urinary retention. Patients with gastropa-
resis or those at high risk (poorly controlled diabetes mellitus) should also be
screened, and appropriate consultation is recommended with a gastroenterologist
prior to beginning therapy. Similarly, anticholinergic medications should be used
judiciously with patients at high risk of urinary retention. Special consideration
should be taken for patients with a history of inflammatory bowel disease including
ulcerative colitis and Crohn’s disease as several extended-release formulations
depend on colonic absorption (oxybutynin ER). Elderly and frail patients frequently
present with symptoms of OAB and frequently have several comorbidities that
interfere with dosing therapeutic agents. Although there are studies to suggest safety
in patients older than 65 years old, particularly with fesoterodine, one must consider
the effects on cognitive function and potential side effects (see below) [68, 69].

Serious life-threatening toxicity is rarely encountered in clinical practice as
supratherapeutic doses are quite difficult to attain with recommended doses and
higher dosing than recommended, often results in intolerable anticholinergic side
effects. However, patients with renal and hepatic impairment can be vulnerable to
supratherapeutic serum levels that may reach inappropriately high levels if dosing is
unsuitable (see Table 17.2). Similarly, patients with multiple medical comorbidities
may be taking several medications with the potential to cause drug-drug interac-
tions. Many of the medications in this class are metabolized by cytochrome P450
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enzymes, specifically CYP3A4 and CYP2D6. Depending on the medication co-
administered with the anticholinergic, this may cause an increase or a decrease in
serum levels (see Table 17.1). This could lead to potentially high or low serum lev-
els, which may affect therapeutic plasma levels or exacerbate side effects, respec-
tively. Although rare in normal dosing protocols, cardiac toxicity including QT
prolongation and increased heart rate may become apparent with unsafe serum lev-
els of a medication.

Patients at high risk for central nervous system (CNS) side effects should be
warned of the potential side effects including cognitive impairment, dizziness, and
somnolence [41]. Since the publication of the Beers Criteria and its subsequent revi-
sions, the use of medications with anticholinergic effects in the elderly has been
criticized due to their contribution to total anticholinergic burden. Although there
are studies indicating a detrimental effect of anticholinergic medications on cogni-
tive function, several studies investigating anticholinergics for the indication of
OAB demonstrate less concerning perceivable cognitive effects [68—70]. High-risk
individuals considered in clinical practice should not solely be limited to the frail
and elderly. Younger patients operating heavy machinery, pilots, drivers, physicians,
etc. should also be counseled on these risks and medications tailored to suit the
demands of their lifestyle. Furthermore, the clinician should recognize and recon-
cile any medications the patient is already taking with anticholinergic properties in
order to reduce the anticholinergic burden (Table 17.4). This becomes particularly
important in patients with Alzheimer’s disease or other neurological diseases who
are being treated with acetylcholinesterase inhibitors. If one is concerned with CNS
side effects, selecting the appropriate medication based on pharmacologic proper-
ties becomes paramount. One must recall that all muscarinic receptor subtypes (M,—
M;) are present in the brain and selecting the best medication to prevent CNS side
effects is not guided by simply choosing the most “uroselective” (M;) [71]. Surely,
medications that antagonize M1 receptors in the brain can potentially lead to cogni-
tive impairment; however, there are other considerations that must be addressed

Table 17.4 Common anticholinergic medications

Antihistamines

Diphenhydramine, meclizine, hydroxyzine, promethazine, dimenhydrinate

Parkinson’s disease medications

Benztropine, trihexyphenidyl, orphenadine, proyclidine

Muscle relaxants

Cyclobenzaprine, methocarbamol

Tricyclic antidepressants

Anmitriptyline, imipramine, nortriptyline

Antipsychotics/antidepressants

Aripiprazole, clozapine, olanzapine, chlorpromazine, haloperidol, risperidone, paroxetine,
bupropion, trazadone

Antispasmotics

Hyoscyamine, dicyclomine, scopolamine, clidinium-chlordiazepoxide
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[72]. In general, starting at the lowest dose possible and titrating based on urinary
symptom control and tolerability are important as serum concentration determines
how much of the medication cross the blood-brain barrier (BBB) by passive diffu-
sion. Next, selecting an agent based on the physiochemical properties of the parent
compound and its active metabolites becomes important. Medications that have a
low molecular weight, lipophilic, and neutral at physiologic pH tend to cross the
BBB more readily than their counterparts (see Table 17.3). Suitable options for
those at risk of CNS side effects, particularly patients >65 years old, these may
include trospium, solifenacin, and darifenacin. Additionally, trospium and darifena-
cin are substrates for a permeability glycoprotein in the blood-brain barrier that
facilitates active transport out of the CNS [73, 74]. These medications are particu-
larly useful when treating elderly patients as they are at risk of cognitive impairment
but may also have other patient-specific factors that must considered. For example,
nocturia affects approximately 71% of nursing home residents and a significant
number of community-dwelling elderly patients, and solifenacin and trospium have
been shown to specifically decrease the number of nocturia episodes [32, 48, 75],
though neither of these medications has nocturia as an indication. Polypharmacy is
also a common issue in this population, and trospium may be a suitable option for
elderly patients who are on concomitant medications that may be metabolized by
the CYP enzyme system. Furthermore, all three medications are readily available in
extended-release formulations, which contribute to their ease in administration and
favorable side effect profile. Fesoterodine is another medication that can be consid-
ered in the elderly and those patients concerned about cognitive impairment as it has
a low propensity to cross into the blood-brain barrier due [76]. Its clinical safety has
been reported in patients greater than 65 years old with significant medical comor-
bidities and a comparable adverse effect profile to younger patients [69]. Ultimately
the clinician and patient must weigh the risk of beginning pharmacotherapy against
the benefit pharmacotherapy may impart. Surely the benefit of anticholinergic medi-
cations has been well documented in clinical trials; however, improvement in qual-
ity of life must be considered against potential complications in this population. For
example, one must consider that an appreciable decrease in urinary frequency,
urgency episodes, or incontinence can reduce the risk of falls or the burden of diaper
changes in an already physically limited population. Furthermore, the consequences
of untreated OAB including incontinence-related dermatitis, depression, and sleep
disturbance must be imparted upon patients when beginning therapy [77]. Prior to
beginning therapy in this population, one must assess the patient’s individual goals
and tailor drug dosage to simultaneously provide relief while avoiding complica-
tions. In cases where the patient’s medical condition, symptoms, or goals conflict
with starting anticholinergic therapy, one must consider alternatives. For these
patients, alternative pharmacotherapies including mirabegron and onabotulinum-
toxinA are suggested.

Proactive management of potential side effects of antimuscarinics should be prac-
ticed in order to improve drug tolerability. For those patients with increased risk (or
preexisting) of dry mouth or constipation, clinicians should educate patients on meth-
ods to prevent and treat these potentially dose-limiting side effects [1]. Maintaining
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good oral hygiene is important for patients at risk as well as sugar-free chewing gum,
mucin sprays, and betaine [78]. Patients at risk of constipation should be counseled on
the importance of dietary changes that increase fiber content. Consideration should
also be given to introducing psyllium-based fiber supplements as well as polyethylene
glycol supplementation. Finally, patients should be counseled that inadequate fluid
intake might exacerbate both symptoms, although this may be challenging as patients
tend to fluid restrict in order to control their symptoms.

For patients with idiopathic OAB, mirabegron can be initiated as a monotherapy to
anticholinergic naive patients, as an alternative to patients that have failed anticholin-
ergic medications, or in combination with anticholinergics [1, 55]. Its use in combina-
tion medical therapy is not strictly limited to OAB. For example mirabegron has been
used safely for the treatment of bothersome lower urinary tract symptoms in men with
bladder outlet obstruction (combination medical therapy is discussed in detail in
Chap. 8). Mirabegron works through an alternative pathway utilizing the f3-adrenergic
receptor, which is found in the human bladder and sparingly throughout the body (as
opposed to the ubiquitously distributed muscarinic receptors). As a result of its selec-
tivity, mirabegron use is not associated with the adverse effects commonly experi-
enced in patients using anticholinergic medications and has been shown to have the
most favorable tolerability profile of OAB medications [3]. Mirabegron’s efficacy on
improving OAB symptoms is apparent across several trials; however, its improve-
ments in patient-reported outcomes indicate its potential for long-term persistence
[79]. Studies have also found that persistence rates have also been higher at 6 months
when compared to antimuscarinic medications, particularly at the extremes of age
[80, 81]. Although it seems reasonable to assume that persistence rates are higher as a
result of improved tolerability, a study by Chapple et al. found that up to 62% of
patients discontinued mirabegron within 12 months [62]. Mirabegron has proven to be
a cost-effective treatment in the United States, United Kingdom, and Canada; there-
fore overall cost to the population must be considered as well [8§2—84].

In addition to its use as a monotherapy in adults with idiopathic OAB, it is benefi-
cial in certain patient populations that may have relative contraindications or a propen-
sity to develop adverse reactions with anticholinergic medications. For example, this
medication is particularly useful in the elderly population who may have preexisting
dry mouth as a result of other medications (diuretics, antipsychotics, etc.) and consti-
pation which are frequently encountered in this population [85]. Furthermore, patients
with preexisting psychiatric and neurologic disorders who may already be on several
medications with antimuscarinic properties should be considered for treatment with
mirabegron as tolerability and resultant compliance may be improved.

Combination Therapy

As discussed in previous sections, both anticholinergic and f3-agonists are superior
to placebo in the treatment of lower urinary tract symptoms due to overactive blad-
der and lead to significant improvements in quality of life. Despite their
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effectiveness in treatment, oral medications may be ineffective in meeting the
patient’s goals in symptom relief. In order to maximize efficacy of treatment plans,
the use of combination therapy may be instituted with the initiation of pharmaco-
therapy. Combination therapy with medication and behavioral therapy may be initi-
ated early in the treatment course; however, they have been shown to be effective in
improving treatment outcomes in patients dissatisfied with oral medication [86].
Interventions including bladder training, pelvic floor exercises, and fluid manage-
ment have all been shown to be effective without introducing side effects [1].
Furthermore, initiating behavioral therapy may help engage the patient in their
treatment plan, which may have a positive effect on medication compliance and
satisfaction with therapy.

Combination medical therapy (detailed in Chap. 8) can also be considered for
patients with unsatisfactory improvement of symptoms with either antimuscarinic
medications or P3-agonists. It is also useful for patients who have experienced
adequate relief at higher anticholinergic doses at the expense of increasingly bother-
some side effects [87]. For example, by introducing a second agent and reducing the
dose of the anticholinergic, a patient’s symptoms may be adequately controlled. As
described in Chap. 8, combination medical therapy has proven to be effective for
several indications. When specifically addressing idiopathic OAB, the combination
of an antimuscarinic and mirabegron has proven to be effective in patients in reduc-
ing urinary frequency, and urinary urgency. The use of an anticholinergic and mira-
begron introduced a marginal increase in risk of side effects, and most patients
tolerate the medications well [88]. The benefits in improving urinary symptoms
produced a perceivable difference in OAB symptoms and improvement in OAB-q
scores [89]. In order to maximize this form of medical therapy, one must consider
whether the benefit of two oral therapies outweighs progressing to third-line thera-
pies. Several considerations must be addressed including medication compliance,
cost, and polypharmacy when one is deciding to add another medication.
Alternatively, treatment with onabotulinumtoxinA is associated with a higher likeli-
hood of achieving a > 50% decrease in urge urinary incontinence when compared to
all the frequently prescribed oral OAB medications [90]. Ultimately, one must
decide whether combination medical therapy would effectively treat the patient’s
symptoms while remaining congruent with the patient’s goals and expectations.

Conclusion

OAB is a symptom-driven disorder that can cause substantial distress to a person’s
well-being and has a major impact on quality of life. The condition is not life threat-
ening, and the therapies recommended should be individualized by weighing the
treatment benefits against the risks of treatment. Therapies available have been
proven to be effective; however, patients should be educated on the realistic expec-
tations of treatment success based on their presenting symptoms. Furthermore, clear
communication regarding potential side effects and future therapeutic options
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should be discussed. Appropriate follow-up to monitor symptoms and tolerability
ensures that the patient’s treatment plan is further tailored as their clinical condition
evolves. For patients whose symptoms are refractory to oral pharmacotherapies,
experience dose-limiting side effects, or have medical comorbidities that preclude
oral therapy, serious consideration should be given to third-line therapies including
onabotulinumtoxinA and neuromodulation.
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