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An Overview of Overactive Bladder
and Its Pharmacological Management
with a Focus on Anticholinergic Drugs

George DeMaagd, PharmD, BCPS, and Jeffrey D. Geibig, PharmD

Educational Objectives

After reviewing the article, the reader should be able to:

H Define overactive bladder (OAB) and its relationship to
urinary incontinence.

M Review the basic anatomy, physiology, and pathophysiology
of overactive bladder.

M Describe the epidemiology, risk factors,and comorbidities
associated with OAB.

M Describe the clinical features of OAB and how they inter-
fere with a patient’s lifestyle.

M Describe nonpharmacological and pharmacological treat-
ment options for OAB.

B Counsel, monitor, and educate patients appropriately
when dispensing therapeutic agents utilized in the phar-
macological management of OAB.

Introduction

Overactive bladder (OAB), a common problem of the uri-
nary tract, can be described as urinary urgency, frequency, or
urge urinary incontinence (UI). OAB can
present with a constellation of symptoms

Although OAB is often described as being synonymous
with UI, most notably urge incontinence, it can occur with or
without the features of this disorder. Approximately one third
(37%) of patients with OAB have incontinence (“wet” OAB),
whereas two thirds (63%) are not incontinent of urine (“dry”
OAB).4®

Urinary incontinence is a complex condition that results
from a variety of etiologic mechanisms. In most textbooks, it
is characterized by various types or classifications, including
urge, stress, overflow, and mixed forms. Patients with OAB
may or may not experience Ul; within the various UI types,
however, the terms OAB and “urge” are often used. A complete
review of Ul is beyond the scope of this paper.

Table 1 summarizes the various types, causes, common
symptoms, and treatments of UI. 612

Bladder Anatomy and Physiology

The anatomy of the bladder is presented in Figure 1. Cer-
tain features of this flexible organ are important in descriptions
of the pathophysiology of OAB.'** The anatomy of the blad-
der includes the detrusor muscle and the internal and exter-
nal sphincters. Neurological control of micturition or urination
involves the central nervous system (CNS) (the pons), the
spinal cord, and the peripheral nerves.
Innervation involves the parasympathetic

. Thomas Jefferson .
or as a symptom syndrome, which may Jefferson Medical nervous system (PNS), the sympathetic
include urgency and frequency (voiding ) . edica nervous system (SNS), and somatic nerv-
more than eight times in a 24-hour period) University | College ous systems, which must work together

along with nocturia. Patients may describe
a sudden, compelling desire to urinate that may be difficult to
defer until a later time.
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for proper bladder control.

In brief, the physiology of the bladder and the micturition
process are regulated by the nervous systems. The PNS in-
volves the neurotransmitter acetylcholine and its action on
muscarinic or cholinergic receptors. When the PNS is blocked,
the terms “antimuscarinic” and “anticholinergic” are often
used interchangeably. The SNS involves the neurotransmitters
epinephrine or norepinephrine and alpha or beta receptors.
Other terms include “alpha-adrenergic” and “beta-adrener-
gic,” which refer to agonists of this system.



CONTINUING EDUCATION CREDIT

Table | Overview of Urinary Incontinence

Examples of

Type of Incontinence

Common Causes

Common Symptoms

Pharmacological Treatments

Urge incontinence
(detrusor overactivity)

* Strokes
* Alzheimer’s disease

* Parkinson’s disease
* Benign prostatic hyperplasia
with overflow

Urgency and frequency occur
day or night (nocturia)

Anticholinergic drugs
* Oxybutynin (Ditropan)
* Tolterodine (Detrol)

Stress incontinence
(outlet incompetence)

* Urological procedures
* History of multiple childbirths
* Estrogen deficiency

Small volumes of urine loss with
coughing, sneezing, running, or
laughing

* Topical estrogen
* Alpha-agonists
* Nonpharmacological

Mixed incontinence Multiple etiologic factors

Symptoms of urge and/or stress
and/or overflow

Treatments typically focus on
symptoms that predominate

Overflow incontinence * Benign prostatic hyperplasia
* Peripheral neuropathy
*Vitamin B,, deficiency

* Fecal impaction

Reduced urinary stream, incom-
plete voiding, urinary dribbling

Alpha-adrenergic blockers, such
as terazosin (Hytrin), tamsulosin
(Flomax), others

Atonic bladder * Severe diabetic neuropathy

* Stroke

Complete loss of bladder
control

Catheterization

Functional incontinence * Inability to get to the bathroom
* Changes in mental status
* Urinary tract infections

* Medications

Symptoms of incontinence vary
according to type of external
cause

Therapy to eliminate the cause

Data compiled from references 6—12.

Bladder control and function can briefly be
described as follows (see Figure 1). The bladder
fills when SNS control results in a relaxed detru-
sor muscle and in closed sphincters at the bladder
outlet. The SNS also inhibits the PNS during this
period, as shown in the figure. When the bladder
reaches a certain volume (e.g., from a beverage,
200-400 ml), signals move from the spinal cord to
brain centers, resulting in the sensation of urge. At
the appropriate time, when a person is ready to
void, cholinergic neurons in the PNS system
release acetylcholine, which acts on muscarinic
receptors in the bladder detrusor smooth muscle
to create contractions.

The SNS also allows the internal sphincter to
open, and the somatic nervous system (under vol-
untary control) opens the external sphincter. The
result is parasympathetic stimulation of the detru-
sor muscle, leading to bladder contraction with
open sphincters, allowing urine release (micturi-
tion) from the bladder.21>16
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Background of Overactive Bladder

It is thought that OAB is related to changes or
dysfunction of the detrusor muscle involving mus-
carinic receptors, but other mechanisms may also
be involved and may include other receptor sys-
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Figure | Basic bladder anatomy and physiology. (Adapted from
references 1-3, 12—14, 16,81, and 88.)

tems.®!” These changes result in a predisposition
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toward unstable bladder contractions or overactivity of the
detrusor muscle, leading to OAB symptoms. Although the
exact mechanism is not completely understood, various mech-
anisms have been proposed. Most mechanisms focus on CNS
involvement, suggesting that increased CNS activity influ-
ences or decreases the inhibition of these contractions; others
suggest an increased detrusor muscle sensitivity to central
stimulation. 21519

The International Continence Society (ICS) defines OAB as
a complex of symptoms that include urinary urgency, with or
without U, and additional features that include frequency and
nocturia.! Although OAB is common, it remains under-
diagnosed and affects approximately 16% of the U.S. popula-
tion. OAB is not necessarily a disease of only the elderly; it is
often observed in people 40 to 64 years of age.>*51

The National Bladder Evaluation (NOBLE) survey project
defined the clinical presentation of OAB without Ul as feelings
of urgency of at least four times or more over the course of a
month, more than eight micturitions daily, or using various cop-
ing strategies (e.g., restriction of fluid intake). The project de-
fined OAB with Ul as including these features as well as three
leakage episodes not related to stress incontinence or other
causes such as reversible factors (e.g., metabolic or patholog-
ical causes).>”

The symptoms of OAB are often un-
reported by patients and are thus under-
treated by clinicians. The NOBLE survey
reported that OAB affects more than 30
million Americans, with a prevalence of 17%
in women and 16% in men. A higher per-
centage of women report incontinence with
OAB (9%) compared with men (3%).5" ?A

The prevalence of OAB increases with George

age, especially in patients older than age DeMaagd,

75.4 In long-term-care facilities, OAB has PharmD, BCPS
been reported to affect up to 50% of all residents.?*?* OAB
imposes significant social, economic, psychological, and phys-
ical morbidity on patients, especially women.* It affects qual-
ity of life and increases the risk of numerous comorbidities,
including urinary tract infections (UTIs), pressure ulcers, falls,
and fractures.?>2*

As with UI, the causes of and risk factors
for OAB are numerous and are not disease-
specific (Table 2). Common risk factors
include age, especially in the over-65 group;
obesity; spinal cord injuries; neuropathies;

Geibig, PharmD

Urinary tract infections or obstruction

costs for diagnosis and treatment and indirect costs related to
productivity.?+3132-36 Hospital and nursing-home admissions
related to OAB are especially costly.** The yearly cost of OAB
to society was close to $13 billion in 2000.2°335 Data from in-
surance claims also indicated a five-fold greater rate of spend-
ing in patients with OAB.%"

Evaluation

OAB may be initially evaluated by the patient’s primary care
physician, but further evaluation is often required by a urolo-
gist. Although OAB is a symptomatic diagnosis, an assessment
may include a complete medical history; urination patterns;
physical findings; urinalysis; and optional urodynamic studies,
cystoscopy, and imaging.?38

Treatment

The management of OAB includes both nonpharmacologi-
cal and pharmacological methods. Nonpharmacological meth-
ods include simple interventions, such as removing agitators
(e.g., caffeine), maintaining adequate hydration, and timing
fluid intake, or more invasive procedures may be recom-
mended.?-#

Behavioral modification therapy involves
bladder training, timed voiding, and encour-
agement of gradual increases of the time
intervals between voidings. Usually, voiding
is started at one-hour to two-hour intervals
and is increased from that point. Behavioral
modification should be considered before
drug therapy is begun and may be more effec-
tive and safer for some patients.

Pelvic-floor exercises may also improve
detrusor overactivity and can help relieve the
symptoms of OAB.#>* Various surgical procedures and elec-
trical stimulation with sacral neurostimulation are also used in
the treatment of OAB.

Each procedure has its place in therapy along with its advan-
tages and disadvantages in addition to costrelated concerns.
The appropriate treatment may be determined after a discus-

Table 2 Risk Factors Associated with Overactive Bladder

Cardiac disease (heart failure)

and neurological diseases, including cere-
brovascular events (strokes), Alzheimer’s
disease, and Parkinson’s disease. Rever-

Estrogen deficiency

* Drugs (caffeine, alcohol, diuretics,
narcotics, calcium-channel blockers)
* Cholinesterase inhibitors

sible risk factors (non-neurogenic causes)
may include UTIs, medications, and ob-

Aging changes, sphincter weakness

Psychological and sleep disorders

structions 214192529

Benign prostatic hyperplasia (males)

Constipation

Complications of OAB include skin ulcer-
ations in patients with concurrent UI, UTIs,
and falls and fractures, which are usually
related to nocturia.?®** Psychosocial influ-

Dementia, Parkinson’s disease, stroke,
multiple sclerosis, or other neurological
diseases or conditions

* Diabetes mellitus and associated
complications
* Diabetes insipidus

ences, including isolation and depression,

Spinal injuries or diseases

Obesity

affect sleep quality.*>*° Economic burdens
associated with OAB include both direct

Data compiled from references 2, 14, 19,and 24-29.
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sion between patient and clinician.**° In some
cases, nonpharmacological therapies may be the
most successful when combined with pharmaco-

Older Agents (Rarely Used)
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Table 3 Anticholinergic Agents for Overactive Bladder

Newer Agents (Commonly Used)

logical therapy. #2485

Pharmacological Management

Numerous medications have been used in the
management of OAB, including traditional

Tricyclic antidepressants:
imipramine (Tofranil, Novartis/
Mallinckrodt),* others

* Oxybutynint regular-release
(Ditropan, Ortho-McNeil)

* Long-acting (Ditropan XL)

* Transdermal oxybutynin (Oxytrol,
Watson Labs)

agents such as calcium-channel blockers, baclo-
fen (Lioresal, Novartis), intrathecal clonidine

Dicyclomine (Bentyl, Aventis)

* Tolterodine (Detrol, Pfizer)
* Tolterodine LA (Detrol LA)

(Catapres, Boehringer Ingelheim), intravesical
capsaicin, estrogen, and alpha-adrenergic antag-
onists; however, clinical evidence supporting

Hyoscyamine (Levsin, Levsinex,
Cystospaz, Schwarz Pharma)

Trospium (Sanctura, Esprit/Indevus)

their utility is limited.’** Other investigational

Propantheline (Pro-Banthine)

Darifenacin (Enablex, Novartis)

therapies that might have a future role include
duloxetine (Cymbalta, Forest), a mixed sero-
tonergic and SNS-acting agent; serotonergic

Flavoxate (Urispas, Impax/
Ortho-McNeil)

Solifenacin (VESIcare,
Astellas/GlaxoSmithKline)

agonists, botulinum toxin type A (Botox, Aller-
gan), desmopressin, dopamine agonists, potas-
sium-channel transporters, afferent-nerve in-
hibitors, gamma-aminobutyric acid (GABA)

* Also increases alpha-adrenergic tone at the internal sphincter.
T May also have some direct smooth-muscle relaxant properties.
Data from references 14,51, 65,77,and 83-92.

agonists, beta, antagonists, and prostaglandin synthesis
inhibitors.31051,54-58

Overview of Anticholinergic Drugs

The most effective and commonly used medications for the
treatment of OAB have been those with anticholinergic (AC)
properties (Table 3).5% After we present an overview of these
AC agents, we will review the potential advantages of each one.

The central cholinergic transmitter and muscarinic recep-
tor systems (the M1 through M5 series) involve a number of
organ systems.” These complex multiple receptor systems
include the CNS (brain), eyes, cardiac tissue, salivary glands,
bladder, ophthalmic tissue, gastrointestinal (GI) tract, and
other smooth muscle tissues.

Table 4 describes common organ sys-
tems and the muscarinic receptors located
within them as well as the effects of AC or

The brain contains all five of these receptor subtypes, but the
M1 receptor appears to have the most influence on memory
and learning. The M2 receptor may have a similar role, and its
blockage may affect cognitive function.

The activities of the M3, M4, and M5 receptors in the CNS
are not completely understood. Blocking of these central mus-
carinic receptors can cause hallucinations, confusion, sedation,
delirium, and blurred vision, and may affect memory and
learning. Perception, psychomotor speed, attention, and exec-
utive function may also be affected.

In the future, the use of AC drugs that are more selective
for bladder receptors may result in fewer adverse CNS
effects.64%6:68-70 Qther factors that might influence the CNS

Table 4 Receptor Types and Effects of Anticholinergic Blockage

antimuscarinic blockage on these organ
systems.»-63

Adverse Effects
The major concern associated with AC

drugs, especially because most patients
with OAB are elderly, is the side-effect pro-
file. AC agents may be problematic by caus-

ing both peripheral and central adverse ef-
fects (Table 5).64-67

Influence on Organ Systems

Elderly patients are at an increased risk
for developing delirium from AC drugs, es-
pecially if they have an underlying mild
cognitive impairment or dementia. Central

cholinergic transmitter systems are located
in the hippocampus and cortex, which are

important regions of the brain for memory
and learning.

Organ System Receptors Effects of Blockage

Salivary glands MI, M3, M4 Dry mouth

Cardiac tissue M2 Tachycardia, palpitations

Eye (ciliary muscle, iris) M3, M5 Dry eyes, blurred vision

Gastrointestinal tract MI, M2, M3 Slowing of transit time (consti-
pation), effects on sphincter
tone and gastric acid secretion

Central nervous system, MI, M2, M3, Effects on memory, cognition

brain (cortex and hippo- M4, M5 and psychomotor speed, confu-

campus) sion, delirium, hallucinations,
sleep disruption

Bladder (detrusor muscle) M2,M3 Decreased contraction, urinary
retention

Adapted from references 61-63,77,92,and 134.
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Table 5 Adverse Effects of Anticholinergic Drugs

Peripheral Effects Central Effects

Sedation
Confusion/delirium
Hallucinations

Slowed cognitive function
Sleep disruption

Dry mouth
Mydriasis
Constipation
Urinary retention
Tachycardia

Adapted from references 64—67.

effects of these agents include their physical properties. Prop-
erties that affect penetration into the CNS, including lipophil-
icity, molecular size, and polarity, may influence the extent to
which agents cross the blood-brain barrier.”

To further complicate the problem, many elderly patients
may be taking multiple drugs with AC properties. Many com-
monly used drugs have AC properties, although they are not
always associated with these adverse effects, including hista-
mine-2 (H,)-receptor blockers and other agents. It is essential
that patients be monitored for AC effects, especially if they are
taking multiple drugs with AC properties.1#72-74

AC drugs are also associated with the potential for urinary
retention, especially in older men with a history of benign
prostatic hypertrophy (BPH). Cardiovascular effects may
include palpitations, tachycardia, and a prolonged QTc inter-
val. GI tract effects may range from mild constipation to severe
obstructions, 46568

Contraindications

Contraindications to the use of AC agents include angle-
closure or narrow-angle glaucoma, urinary and gastric obstruc-
tion, and the need to perform tasks requiring mental alertness.
Patients with dementia (mainly the Alzheimer’s type) should
not take AC drugs because of the potential for exacerbating
existing cholinergic deficits.

AC agents should be used with caution in patients with
ulcerative colitis, myasthenia gravis, and cardiac disease,
especially patients with arrhythmias and coronary heart dis-
ease, because of the potential for QTc prolongation.!4°

Drug Interactions

The most troubling interaction with AC agents is an additive
response with other AC agents, resulting in an increased anti-
cholinergic load. A noteworthy interaction in patients taking
acetylcholinesterase inhibitors for dementia is their influence
on clinical efficacy as a result of the antagonism between these
two classes of medications.

AC agents may also alter the absorption of other drugs as a
result of decreased GI mobility. Individual drug interactions
with the various AC drugs used in OAB are discussed in the
following sections.!47>:65

Rationale for the Use of Anticholinergic Drugs in

Overactive Bladder

The major mechanism of AC drugs is their ability to antag-
onize the effect of acetylcholine on muscarinic receptors, in the
cholinergically innervated bladder detrusor muscle. The result
is a decrease in the contractions of the detrusor smooth mus-
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cle of the bladder and suppression of or a reduction in the
intensity of urgency symptoms.>>7677

Of the five muscarinic receptors, M3 and, to a lesser extent,
M2 appear to have the most influence on bladder detrusor mus-
cle activity. Animal trials suggest that M2 and M3 are involved
in bladder contraction. The M3 receptor appears to have the
most involvement in direct bladder contraction; the M2 recep-
tor is indirectly involved by opposing beta-receptor activity.”
M2 and M3 receptors appear to work synergistically to control
the micturition process.?%7

As discussed earlier, the future role of agents with greater
selectivity for the bladder with primary effects on the M3 and
M2 receptor types may result in a more tolerable side-effect
profile.>%7 All current AC drugs lack true specificity for the
bladder muscarinic receptors, although one newer agent,
darifenacin (Enablex, Novartis), is being promoted as an
M3-selective agent, with claims of selectivity to the bladder as
compared with other organ systems; however, clinical trials
have not validated this claim or clinical advantage.” The
reported binding affinity of these agents does not always cor-
relate with clinical efficacy and tolerability. At present, the
muscarinic receptor system remains the main target in the
treatment of OAB and is the basis for the mechanism of action
of these drugs.

Oxybutynin (Ditropan, Ortho-McNeil) may have additional
effects on relaxing the smooth muscle of the bladder.® The
complexity of the receptor systems involved and their relation-
ship to bladder function continue to challenge researchers. In
the future, it may be possible to develop agents with an opti-
mal muscarinic receptor profile to target drug therapy for
OAB. Beta-receptor-mediated bladder relaxation along with
muscarinic antagonist activity may offer an effective combina-
tion for treating OAB.

Other receptor systems, neurotransmitters, and substances
may also be involved in the pathophysiology of OAB. Further
investigation is ongoing to define more specific targets for
pharmacotherapy.®,>45%6281-8

Clinical Trials

A number of AC drugs have been used in the treatment of
OAB (see Table 3). A review that evaluated 32 placebo-
controlled trials in approximately 7,000 subjects reported clin-
ical efficacy with all of the available agents.® Propantheline
(Pro-Banthine), dicyclomine (Bentyl), and flavoxate (Urispas,
Impax/McNeil), although still available, are rarely used be-
cause of their limited efficacy and side-effect profiles.” 8487

Tricyclic antidepressants (TCAs), including imipramine
(Tofranil, Novartis/Mallinckrodt), have been used in OAB
and in mixed urinary incontinence. Imipramine controls detru-
sor contractions (through its antimuscarinic effects) and
sphincter laxity (through its alpha-adrenergic effects). This
dual mechanism of action offers an option for patients with a
mixed urge and/or OAB and stress incontinence. The use of
TCAs in elderly patients is limited by their significant anti-
cholinergic side-effect profile, cardiac conduction abnormali-
ties, and slow onset of action.!451:6577.83-89

Over the past five to 10 years, oxybutynin chloride (Ditro-
pan) and tolterodine (Detrol, Pfizer) have been the mainstays
of AC therapy for OAB. Compared with the older agents



(e.g., propantheline), these newer agents have been studied
more extensively and appear to be better tolerated.®>® Three
agents entered the U.S. market in 2004—trospium chloride
(Sanctura, Esprit/Indevus), darifenacin (Enablex), and soli-
fenacin (VESIcare, Astellas Pharma US/GlaxoSmithKline)—
along with a transdermal formulation of oxybutynin (Oxytrol,
Watson).

In one review of published clinical trials, the use of AC
agents in the treatment of OAB had a significant effect on fre-
quency of micturition and the number of incontinence
episodes, and it offered at least partial relief for most patients.*

A large meta-analysis, published in 2005, reviewed clinical
trial data for oxybutynin, tolterodine, darifenacin, and soli-
fenacin versus placebo. Similar efficacy was noted for each of
these agents, when compared with placebo.® These agents
may differ in their muscarinic receptor activity, dosing formu-
lations, pharmacokinetic profiles, and tolerability, and they
may offer additional options for some patients.%#

Following is a comparison of the potential differences in the
common agents used in treating OAB. Head-to-head trials
with these agents are limited. Most of the trials have compared
oxybutynin with tolterodine and, in a few cases, some of the
newer agents.’-%?

Older Drugs

Oxybutynin Chloride

Oxybutynin chloride (OBC, Ditropan) is one of the oldest
agents for patients with OAB.#% QOriginally available in regu-
lar-release (RR) tablets administered up to three times daily,
newer formulations include extended-release (ER) tablets and,
most recently, a twice-weekly applied transdermal patch
(Oxytrol) (Table 6).

Although RR tablets are poorly absorbed with a reported
bioavailability of 2% to 11%, the controlled-release (CR) prod-
uct has improved absorption and is associated with fewer fluc-
tuations in concentration. The CR formulation is an osmotic
delivery system with a laser-drilled delivery device, which
may remain intact and is seen in the feces.?*%

OBC is metabolized by the liver, specifically the cytochrome
P450 (CYP 450) 3A4 system (see Drug Interactions earlier),
and is eliminated in the feces and urine. One active metabolite,
desethyl oxybutynin (DES), has antimuscarinic activity simi-
lar to that of its parent. OBC is a tertiary amine compound; it
is reported to be a lipophilic chemical with a small molecular
size and neutral polarity, suggesting increased CNS penetra-
tion compared with other agents.”93%

The mechanism of action appears to be primarily a result of
anticholinergic (antimuscarinic) effects on the bladder detru-
sor muscle. OBC may affect M1, M2, and M3 receptors, and
it may have a greater effect on M3, compared with M2, on the
bladder detrusor muscle.”*® Other data suggest that it may
have a greater selectivity for M3 and M1.%1%0

Additional effects that may be unique to this drug involve
direct smooth muscle-relaxing properties, through a direct
spasmolytic action at higher doses on the detrusor muscle
mediated by calcium antagonism. 810!

In clinical trials, OBC was efficacious in reducing inconti-
nence, increasing bladder capacity, and improving symptoms.
In some trials, it was more efficacious than tolterodine; the
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regular-release (RR) form was the least well tolerated.5%10-19

The adverse effects of OBC may be problematic, especially
in older patients, and appear to be dose-related. Dry mouth has
been reported in 50% to 70% of patients treated with RR OBC
and is probably caused by a high affinity for parotid gland
muscarinic receptors.

The RR product is associated with a greater incidence of dry
mouth than the ER form.** An eight-fold greater receptor bind-
ing affinity to the parotid gland with OBC versus tolterodine
has been reported.®® 19618 Qther adverse effects included
blurred vision, impaired urination, and nervousness, reported
in about 10% of patients, 88109110

Discontinuation rates for RR OBC were approximately 25%
because of adverse effects.!” Quantitative topographical
electroencephalography (EEG) indicated more CNS side
effects with OBC than with tolterodine (Detrol) and trospium
(Sanctura). Patient questionnaire data also reported more side
effects with RR OBC than with tolterodine and trospium.”

The controlled-release (CR) formulation of oxybutynin was
developed as an attempt to improve tolerability by reducing
concentration-dependent adverse events and by producing
less conversion of the parent drug to its active metabolite.
This product offers an ER effect by using an osmotic system
that negates or diminishes the first pass through the liver,
resulting in less accumulation of DES, and may result in more
tolerable side effects.®14

The newly released transdermal system (Oxytrol), which
results in less first-pass metabolism, also forms a less active
DES metabolite and provides improved tolerability. The patch
is similar in efficacy to, and is better tolerated than, oral
OBC.95,116

A study comparing transdermal oxybutynin with long-acting
(LA) tolterodine reported similar efficacy, with a trend toward
a higher incidence of dry mouth with tolterodine LA.'" Local
reactions reported with the patch include skin erythema and
pruritus in up to 17% of patients,?6-108115-117

Drug interactions may involve the CYP 450 system, specif-
ically 3A4 and 2D6. Drugs that inhibit this system may
increase the levels of OBC and the risk of side effects.?
Increased AC effects may also occur when OBC is used con-
currently with other drugs having AC properties.5

Tolterodine

Tolterodine (Detrol, Detrol LA) entered the market in the
1990s and has been used extensively in the treatment of OAB.
This product is available in RR tablets dosed twice daily and
also as a once-daily, long-acting (LLA) product designed as a
capsule containing microspheres. This microsphere system
enables the product to be ingested or sprinkled on food.

The bioavailability of tolterodine varies, ranging from 30% to
90%, and is dependent on the CYP 2D6 phenotype. The prod-
uct is less bioavailable in patients who are more “extensive me-
tabolizers,” but the opposite is true with “poor metabolizers.”

Tolterodine is extensively bound to plasma proteins (93%)
mainly the alpha-glycoprotein. The drug is metabolized by the
liver, and its primary metabolic pathway is the CYP 2D6 path-
way. The extent of metabolism and excretion (urine or feces)
also depends on the CYP 2D6 phenotype. Patients with the
poor oxidizer phenotype excrete more drug into the urine
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Table 6 Antimuscarinic Drugs Commonly Used in the Treatment of Overactive Bladder

Oxybutynin
(Ditropan,
Ditropan XL,
Oxytrol)

Tolterodine
(Detrol, Detrol
LA)

Trospium
(Sanctura)

Solifenacin
(VESIcare)

Darifenacin
(Enablex)

Chemical structure

Tertiary amine

Tertiary amine

Quaternary amine

Tertiary amine

Tertiary amine

Receptor binding

Nonselective

Nonselective

Nonselective

Nonselective

May be more
M3-selective

Oral bioavailability

Poor (2%—15%)

Good (75%)

Poor (<10%);
taken on an empty
stomach

Good (90%)

Poor (15%-20%)

* Transdermal sys-
tem, 3.9 mg twice
weekly (hips,
abdomen, or
buttock)

Metabolism Metabolized by Metabolized by Minimal, if any, Metabolized by Metabolized by
CYP 3A4 CYP 2D6 CYP 450 CYP 3A4 CYP 2D6 and 3A4
metabolism
Excretion Less than 5% of Less than 5% of Tubular secretion; | Less than 15% of 3% of active
active compound in | active compound 80% of parent com- | parent compound | compound in urine
urine in urine pound in urine in urine
Half-life About 2 hours About 2 hours; 12-20 hours 45-68 hours 13—19 hours
* Extended-release, | * Extended-release,
I3 hours 8.5 hours
* Patch, 7-8 hours
Dosing * Regular-release: 1-2 mg twice daily | ¢ 20 mg twice daily | 5-10 mg daily 7.5-15 mg once
5 mg two to three | LA:2—4 mg once * 20 mg daily if daily
times/day daily elderly or if
* XL:5-30 mg once there is renal
daily impairment

CYP = cytochrome P450; LA = long-acting; M = muscarinic receptor subtypes (MI-M3); XL = extended-release.
Adapted from references 71,79,85,133, 134,and |35.

than patients with the extensive oxidizer phenotype; for these
patients, more drug is eliminated in the feces. One active
metabolite (the 5-hydroxymethyl metabolite), has anti-
muscarinic activity similar to that of the parent compound. It
is not known whether tolterodine crosses the placenta or is
excreted in breast milk.%

The drug’s mechanism of action is similar to that of OBC,
but it appears to lack the antispasmodic effects on the smooth
muscle of the bladder. Animal data suggest that tolterodine
might be more selective for the bladder than OBC is."*® Toltero-
dine may also have less affinity for salivary gland muscarinic
receptors, suggesting improved tolerability.119120

Despite the suggested differences in receptor affinities,
tolterodine and OBC have similar efficacy and tolerability. A
recent meta-analysis reported some nonsignificant trends,
such as fewer incontinence episodes with extended-release
(XL) OBC versus tolterodine LA; however, OBC RR was
reported to be the least well tolerated.®

Other trials have noted similar efficacy but improved toler-
ability and a lower incidence of dry mouth with tolterodine than
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with OBC. 97120-122 These differences in tolterodine’s tolerabil-
ity may be a result of greater bladder selectivity or less CNS
penetration, attributable to its less lipophilic nature, 7124128

A small trial of EEG effects with tolterodine, OBC, and tros-
pium supported these findings.”-'*1%> The more recent addi-
tion of ER and transdermal formulations of OBC may offer sim-
ilar efficacy and comparable tolerability.!08115117

Tolterodine is metabolized by the CYP 450 system, specif-
ically by 2D6 and 3A4. Numerous drugs may inhibit its metab-
olism and may lead to increased levels and adverse effects.
Drugs such as cimetidine (Tagamet, GlaxoSmithKline),
fluconazole (Diflucan, Pfizer), erythromycin (Ery-Tab,
Abbott), nefazodone (Serzone, Bristol-Myers Squibb), flu-
oxetine (Prozac, Eli Lilly), and others can interact with this
agent, although the clinical significance is not known at this
time.

Other agents with AC properties should be used with care
to avoid an excessive AC load. Patient monitoring and review-
ing the patient’s medication profile are important when tol-
terodine is prescribed with other agents.49129.130



Newer Agents (Approved in 2004)

In an effort to improve quality of life as well as patient com-
pliance, research has focused on the need for more selective and
tolerable agents in the treatment of OAB. Improved tolerability
may help patient compliance, as reported in some studies. 8131132

This search for agents with bladder specificity led to the
development, approval, and release of three drugs during 2004
(trospium, solifenacin, and darifenacin). Properties of several
older and newer OAB drugs are compared in Table 6. Initial
claims for OBC and tolterodine indicated similar efficacy and
an improved tolerability profile because of their greater selec-
tivity for bladder muscarinic receptors.

Few studies have compared OBC and tolterodine with these
newer agents, but a few clinical trials will be discussed. It is not
clear, without more comparison trials, whether these more
recently approved antimuscarinic agents have clinical advan-
tages over OBC and tolterodine.6085133-135

Trospium Chloride

Trospium (Sanctura), the first of the three agents to enter the
U.S. market in 2004, has been available in Europe for more than
20 years. It is taken twice daily and differs from other anti-
muscarinic agents in that its chemical structure is a quaternary
amine. This structure results in less CNS penetration and a
potential for fewer side effects.?*

The limiting consequence of the drug’s hydrophilic chemi-
cal structure is a reduced oral bioavailability; therefore, it
should be taken one hour before or two hours after meals.'**
Metabolism is limited, with fewer than 5% to 10% of these
metabolites excreted in the urine.

At normal doses, CYP 450 system involvement is minimal.
Excretion is primarily renal via tubular secretion and involves
the parent compound. Other drugs may compete for this elim-
ination mechanism (e.g., metformin, digoxin), resulting in
increased levels of either trospium or the coadministered
drug. It has been proposed that this tubular secretion mech-
anism is a therapeutic advantage because of the high bladder
concentration, which ensures efficacy at the target tissue and,
possibly, improved tolerability.?2124

The halflife of trospium is approximately 12 to 20 hours. For
older patients and those with severe renal impairment (a cre-
atinine clearance [CrCl] < 30 ml/minute), the dose should be
reduced to 20 mg daily. Caution is recommended in patients
with moderate-to-severe liver disease.’?1%

Trospium’s muscarinic receptor-binding profile has been
described as having high affinity and specificity for M1, M2, and
M3 receptors. Further evaluation is necessary to assess the clin-
ical significance of this receptor profile in reducing side ef-
fects as contrasted with other AC agents. Trospium is also re-
ported to have smooth muscle-relaxant properties.?2110134136-138

Placebo-controlled trials report efficacy in treating OAB,
although comparative trials with other AC agents are limited.
Trials comparing trospium with OBC and tolterodine report
greater tolerability with tolterodine than with OBC.138139

Adverse effects of trospium appear to be similar to those of
tolterodine and OBC, although CNS side effects may be fewer
as a result of reduced CNS penetration secondary to its qua-
ternary amine structure.”>14?

Other data reported minimal effects on rapid eye move-
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ment (REM) sleep, suggesting improved sleep hygiene.*
Safety and tolerability studies with trospium suggested dose-
related side-effect profiles, although tolerability was seen with
a wide range of doses.! Another potential advantage of tros-
pium, compared with OBC or TD, is minimal CYP 450 metab-
olism and thus a reduced potential for drug interactions.
Higher doses may inhibit the CYP 2D6 enzyme system, and
careful monitoring is necessary.!34144-146

Contraindications have been discussed on page 466. A preg-
nancy category C warning suggests that trospium be used only
if the potential benefits outweigh the risks.”

Solifenacin

Solifenacin (VESIcare), another new AC agent, is dosed at
5-10 mg daily, and it has excellent bioavailability. It is widely
distributed with extensive hepatic metabolism, the primary
pathway involving CYP 450 3A4, with at least one pharmaco-
logically active metabolite reported.

The half-ife is approximately 50 hours because of its exten-
sive distribution and slow elimination, which allow once-daily
dosing. This half-life may be increased in patients with hepatic
impairment; therefore, a dosage adjustment, for a maximum
of 5 mg daily, is recommended in patients with moderate he-
patic impairment (class Child-Pugh B). The drug should be
avoided in cases of severe hepatic impairment (class Child-
Pugh C).

Solifenacin and its metabolites are excreted in urine (70%)
and in feces (25%). In a case of severe renal impairment (CrCl
<30 ml/minute), doses should be limited to 5 mg daily.?1-1331%

The drug is approximately 95% protein-bound, primarily to
alpha,-glycoprotein, which has minimal clinical significance.
Little information is available involving its specific binding
affinity. Although solifenacin is more selective for the bladder,
no clinical evidence has supported this potential advantage.!*”

In clinical trials, solifenacin was more effective than placebo.
More than 99% of patients found it to be well tolerated and
“acceptable” or “satisfactory.” Reductions in episodes of
urgency, incontinence, frequency, and increased volume per
void were reported to be significantly improved compared
with placebo. 9148153

In a trial comparing solifenacin 5 and 10 mg with tolterodine
2 mg twice daily, no statistical differences between the treat-
ment arms were observed; however, this trial was not powered
to detect differences between the treatment groups.'*® Another
trial comparing solifenacin 5 and 10 mg and tolterodine LA
4 mg twice daily showed similar efficacy in OAB, measured
as reductions in nocturia episodes.'®

The effect of solifenacin on cardiac electrophysiology was
significant at a dose of three times the maximum recom-
mended dose. At normal therapeutic doses of 5 to 10 mg, no
clinically significant effect on QTc prolongation was reported.
This observation should be considered if solifenacin is used
with other drugs that prolong the QTc interval or if the patient
has a history of QTc prolongation.”

Like OBC and tolterodine, solifenacin is a substrate of the
CYP 450 enzymes, specifically the CYP 3A4 pathway. The dose
should be limited to 5 mg daily when the drug is used con-
currently with CYP 3A4 inhibitors such as ketoconazole (Nizo-
ral, Janssen), fluconazole, and erythromycin.”
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Contraindications are similar to those of other AC drugs. A
pregnancy category C warning suggests that solifenacin be
used during pregnancy only if the benefits justify the risks. It
is not known whether solifenacin is excreted in breast milk.
Whether or not nursing mothers should continue therapy de-
pends on an assessment of the risks and benefits of continued
use.”

Darifenacin

Darifenacin is given once daily as a 7.5- or a 15-mg CR tablet.
As with trospium, it has poor oral bioavailability (15% to 25%).

Metabolism occurs via the CYP 450 system, and 2D6 and
3A4 are the primary pathways. Because of darifenacin’s exten-
sive first-pass metabolism and because some patients metab-
olize CYP 2D6 pathway drugs poorly, the drug may have
greater bioavailability with these patients. The drug’s metab-
olism may occur more extensively via the CYP 3A4 pathway
in patients who are considered poor metabolizers. Excretion
occurs via both urine and feces. The elimination half-life is
about 15 hours.

Doses should not exceed 7.5 mg in patients with moderate
hepatic impairment (class Child-Pugh B) or when the drug is
given with CYP 3A4 inhibitors. Renal dysfunction has minimal,
if any, influence on clearance, but caution is recommended for
patients with renal disease.?*15

According to the manufacturer, Novartis,
darifenacin has a higher affinity for the M3
receptor than for other muscarinic receptors.®
Although Novartis suggests that this may offer
improved tolerability, the presence of M3
receptors in the salivary glands, GI tract, and
iris of the eye may still lead to the common AC
side effects (Table 5).90:130.135

Compared with placebo, darifenacin reduced
the number of weekly incontinence episodes,
daily micturitions, and nocturnal awakenings.
Trial doses ranged from 7.5 to 15 mg and were
titrated up or down to 7.5 mg or 30 mg, respec-
tively, based on efficacy and tolerability. Side
effects were dry mouth and constipation, and
these were related to the dose.!?>156.15815 Some
trials reported similar cardiac and CNS effects
with darifenacin versus placebo.3%156

Like other newer antimuscarinics, compar-
ative data on other agents in the class are lim-
ited. A trial comparing darifenacin 15 mg daily
with OBC IR 5 mg three times per day
reported similar efficacy but a higher rate of
dry mouth and blurred vision with OBC.1%8 In
a trial comparing darifenacin 15 mg with
tolterodine 2 mg twice daily, efficacy and side-
effect profiles were similar.”*'* Adverse events,
including dry mouth, CNS effects, and cardiac
effects, were similar to those associated with
placebo, suggesting support for darifenacin’s
claim of M3 bladder receptor selectivity.”13

The drug-interaction profile of darifenacin is

N

o U1 AW

|. Explain the basic role of the medication and how it works on the bladder.

. Explain the long-acting and short-acting versions (do not crush extended-

release tablets).

. Discuss missing doses (do not double up the next day).

. Trospium should be taken one hour before or two hours after meals.

. Suggest adequate fluid intake while patients are taking these agents.

. Because these medications may cause drowsiness, blurred vision, or dizzi-

ness, recommend caution if the patient must drive.

7. Advise a balanced diet or a dietary consultation if constipation occurs.
Patients should consult their physician or go to the emergency department
if they experience severe abdominal pain.

8. Patients should report unusual reactions (visual changes, headache, stom-
ach problems, itching, difficulty breathing) to their physician or pharmacist.

9. It might be prudent to obtain a brief medical history, because these agents
are contraindicated in patients with narrow-angle glaucoma, myasthenia
gravis, ulcerative colitis,and some liver diseases.

10. If dispensing the drug in the summertime, mention that decreased sweating
may occur and may contribute to hyperthermia.

I'l. Although most patients receiving these agents are older, these drugs are
classified as pregnancy category C except for oxybutynin (category B). In-
form women of childbearing age that they should be certain that their
physician knows whether they are pregnant or breast-feeding.

12. Advise that medications should always be stored away from heat, moisture,
and direct light.

I3. Patients should be advised to wash their hands before applying the oxy-
butynin (Oxytrol) patch.They should leave the patch in its sealed wrapper
until it is ready to use.They should not apply the patch over an old patch,
and they should never place the patch over burns, cuts, or irritated skin.

I4. Patients should follow dosing instructions or consult their pharmacist or
health care provider if they have questions.

enzyme systems. The darifenacin dose should be reduced
when it is used with inhibitors of the CYP 450 3A4 system such
as ketoconazole, clarithromycin (Biaxin, Abbott), and others.
Similarly, patients taking potent CYP 450 2D6 inhibitors such
as paroxetine (Paxil, GlaxoSmithKline) may also need dose
reductions.

Other reported drug interactions included slight increases
in the concentration of digoxin and midazolam (Versed, Roche)
when used concurrently with darifenacin, in addition to the po-
tential additive AC effects when it is used with other AC agents.

Contraindications to the use of darifenacin are similar to
those for other AC drugs. The pregnancy category C warning
suggests that darifenacin should be used only if the benefits
outweigh the risks.

It is not known whether darifenacin is excreted in breast
milk. Decisions as to whether to continue therapy in nursing
mothers should based on an assessment of the risks and ben-
efits of continued use.”1%

Darifenacin may have advantages because of its bladder
M3 selectivity, but clinical evidence supporting this is lacking
in humans.” % This concept is complicated by the fact the M3
receptors are also located in other organ systems (the CNS,
salivary glands, and the GI tract). The research also suggests
arole for the M2 receptor in bladder contractility.”161.162

Table 7 Counseling Points for Patients with Overactive Bladder

similar to that of OBC and tolterodine in terms
of involvement of the CYP 450 3A4 and 2D6

Adapted from references 90-92 and | 15.
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Conclusion

The antimuscarinic agents used in the treatment of OAB
include eight chemical entities, seven oral forms, and one
transdermal formulation. All of these forms differ somewhat
in their pharmacokinetic properties, dosing, and side-effect
profiles (see Table 6). Differences in muscarinic receptor affin-
ity have also been reported, but the clinical advantage among
these variations is not known at this time 8>111,133.134135

The clinical efficacy of each formulation appears to be sim-
ilar, as reported in clinical trials. All these agents bring about
improved responses, when compared with placebo, and when
they are used in combination with various behavioral inter-
ventions, there may be additional benefits,42-44 50.163-165

At present, it is difficult to suggest that one of the newer
agents (trospium, solifenacin, darifenacin, or the patch) has an
advantage over the older agents (oxybutynin and tolterodine)
except for some differences in tolerability. Trospium, with its
significant dependence on a tubular secretion mechanism for
elimination, suggests a more favorable target effect on the blad-
der than on other body systems, but the clinical significance
of this property is not clear. In addition, trospium’s highly
charged quaternary ammonium group suggests little or no
penetration across the blood-brain barrier and may be associ-
ated with fewer CNS effects, compared with IR oxybutynin in
healthy volunteers.”>'*? This may be an important advantage
and may have utility in some (elderly) patients who have
difficulty tolerating other agents within the class.!38139.143

The selective blockage of the M3 receptor by darifenacin
may also have a theoretical advantage in its more selective
effect on the bladder.' This concept is complicated by the fact
that M3 receptors are also located in other organ systems in
addition to the suggested role of the M2 receptor in bladder
contractility.”16-162 Tolerability may be the decisive factor in
the selection of a preferred agent.

Whether it is through decreased CNS penetration or de-
creased affinity for the M1 muscarinic receptors in the brain,
the newer agents demonstrate a potential for improved side-
effect profiles over IR OBC and, possibly, tolterodine.!24130.
134147.155-158 Fyrther clinical evidence is needed in order to
determine the best option for the treatment of OAB, and an
individual approach is recommended. Future agents will focus
on targeting other receptor systems and will possibly be used
in combination with existing therapies.

Although pharmacological therapies have been effective in
the treatment of OAB, side-effect profiles and a lack of patient
counseling may result in poor compliance and ineffective man-
agement. Pharmacists can play a major role in counseling
patients on the various antimuscarinic agents used in OAB,
educating them about their proper use, and encouraging them
to maintain compliance with their regimens (Table 7).

References

1. Adams P, Cardozo L, Fall M, et al. The standardization of termi-
nology of lower urinary tract function: Report for the standardi-
zation of Subcommittee of the International Continence Society.
Neurourol Urodyn 2002;21:167-178.

2. Wein AJ, Rovner ES. Definition and epidemiology of overactive
bladder. Urology 2002;60 (Suppl 5a):7-12.

3. Agency for Health Care Policy and Research (AHCPR). Urinary

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

CONTINUING EDUCATION CREDIT

Incontinence in Adults Guideline Update Panel. Clinical Practice
Guidelines: Managing acute and chronic urinary incontinence.
Am Fam Physician 1996;54:1661-1671.

. Milsom L, Abrams P, Cardozo L, et al. How widespread are the

symptoms of an overactive bladder and how are they managed?
A population-based prevalence study. B/U Int 2001;87:760-766.

. Stewart WE, Van Rooyen JB, Cundiff GW, et al. Prevalence and

burden of overactive bladder in the United States. World ] Urol
2003;20:327-336.

. Chutka DS, Takalhashi PY. Urinary incontinence in the elderly.

Drugs 1998;56(4):587-595.

. Rosenthal AJ, McMurtry CT. Urinary incontinence in the elderly.

Postgrad Med 1995;97(5):109-121.

. Salvatore S, Soligo M, Proietti F, et al. Overactive bladder syn-

drome: Considerations in pharmacotherapy and new perspec-
tives. Eur | Obstet Gynecol Reprod Biol 2005;120(2):129-133.

. Fourcroy JL. Urogynecology Update: Incontinence. Hosp Practice

1998;33(5):63-81.

Andersson KE. New pharmacological targets for the treatment of
the overactive bladder: An update. Urology 2004;63(3 Suppl 1):
32-41.

American Medical Directors Association (AMDA) Clinical Prac-
tice Guideline: Urinary Incontinence, 2005. Available at:
www.amda.com/info/cpg/incontinence.htm.

Ouslander JG, Bruskewski R. Disorders of micturition in the
aging patient. Adv Intern Med 1989;34:165-190.

Gosing JA. The structure of the female lower urinary tract and
pelvic floor. Urol Clin North Am 1985;12:207.

Thompson JE Geriatric urological disorders. In: Koda Kimble
MA, Young LL, eds. Applied Therapeutics: The Clinical Use of
Drugs, 8th ed.Vancouver, WA: Applied Therapeutics, Inc.; 2005;
101-1-101-33.

Abrams P. Describing bladder storage function: Overactive
bladder syndrome and detrusor overactivity. Urology 2003;62:
28-37.

DeGroat WC. A neurological basis for the overactive bladder.
Urology 1997;50 (Suppl 6a):36-52.

Stewart W, Herzog R, Wein A, et al. The prevalence and impact
of overactive bladder in the U.S.: Results from the Noble program.
Neurourol Urodyn 2001;20:406-408.

Chapple CR, Artibani W, Cardozo LD, et al. The role of urinary
urgency and its measurement in the overactive bladder symptom
syndrome: Current concepts and future prospects. BJ/U Int 2005;
95(3):335-340.

Chapple CR, Wein AJ. The urgency of the problem and the prob-
lem of urgency in the overactive bladder. B/U Int 2005;95(3):
274-275.

Wilson L, Brown JS, Shin GP, et al. Annual direct cost of urinary
incontinence. Obstet Gynecol 2001;98:398-406.

Tannenbaum C, DuBeau CE. Urinary incontinence in the nurs-
ing home: Practical approach to evaluation and management.
Clin Geriatr Med 2004;20:437-452.

Prochoda KP. Medical director’s review of urinary incontinence
in long-term care. ] Am Med Dir Assoc 2003;3 (1 Suppl);S11-S15.
Brown JS, Vittinghoff E, Wyman JF, et al. Urinary incontinence:
Does itincrease risk for falls and fractures? Study of Osteoporotic
Fractures Research Group. J Am Geriatr Soc 2000;48:721-725.
Wagner TH, Hu TW, Bentkover ], et al. Health-related conse-
quences of overactive bladder. Am J Manag Care 2002;8(19
Suppl):S598-S607.

Diokno AC, Brock BM, Brown MB, et al. Prevalence of urinary
and other urological symptoms in the non-institutionalized elderly.
J Urol 1986;136:1022-1025.

Ouslander JG, Kane RL, Abrass IB. Urinary incontinence in
elderly nursing home patients. JAMA 1982;248:1194-1198.
Liberman JN, Hunt TL, Stewart WF, et al. Health-related quality
of life among adults with symptoms of overactive bladder: Results
from a U.S. community based survey. Urology 2001;57:1044-1050.
Brown ]S, Grady D, Ouslander ], et al. Prevalence of urinary
incontinence and associated risk factors in postmenopausal
women. Obstet Gynecol 1999;94:66-70.

Brown JS, McGhan WF, Chokroverty S. Comorbidities associated
with overactive bladder. Am | Manag Care 2000,6:S574-S579.

Vol. 31 No.8 e August 2006 « P&To 471



CONTINUING EDUCATION CREDIT

30.

3L
32.

33.

34.

35.
36.

37.

38.

39.
40.
41.

42.
43.
44.
45.

46.

47.
48.

49.

50.

51.
52.

53.

54.

Ricci JA, Baggish JS, Hunt TL, et al. Coping strategies and health
care-seeking behavior in a U.S. national sample of adults with
symptoms suggestive of overactive bladder. Clin Ther 2001;23:
1245-1259.

Wagner TH, Hu TW. Economic costs of urinary incontinence in
1995. Urology 1998;51:335-361.

Hu TW, Wagner TH. Economic considerations in overactive
bladder. Am J Manag Care 2000;6:S591-S598.

Thom DH, Haan MN, Van Den Eeden SK. Medically recognized
urinary incontinence and risks of hospitalization, nursing home
admission and mortality. Age Aging 1997;26:367-374.

Kelleher CJ. Economic and social impact of OAB. Eur Urol Suppl
2002;1:11-16.

Hu TW, Wagner TH, Bentkover JD, et al. Estimated economic
costs of overactive bladder in the United States. Urology 2003;
61:1123-1128.

Coyne KS, Payne C, Bhattacharyya SK, et al. The impact of uri-
nary urgency and frequency on health-related quality of life in
overactive bladder: Results from a national community survey.
Value Health 2004;7:455-463.

Zhou SZ, Jensen G. Insurance claims costs for overactive bladder
disorder. Drug Benefit Trends 2001;13:45-58.

Abrams P, Andersson KE, Brubaker L, et al. Third International
Consultation on Incontinence. Recommendations of the Inter-
national Scientific Committee. Evaluation and treatment of urinary
incontinence, pelvic organ prolapse, and faecal incontinence. In:
Abrams P, Cardozo L, Khoury S, Wein A, eds. Incontinence, vol 2.
Plymouth, UK: Health Publication Ltd; 2005:1589-1626.

Van Kerrebroeck PEV. Neuromuscular and other electro-stimu-
latory techniques. Scand J Urol Nephrol Suppl 2002;210:82-86.
Resnick NM, Blaivas JG, Ostergard DR. Practical pointers on
urinary incontinence. Patient Care 1995;29:103-131.

Lemack GE. Overactive bladder: Optimizing quality of care.
Am ] Manag Care 2001;7 (2 Suppl):S46-S61.

Burgio KL, Locker JL, Goode PS, et al. Behavioral vs. drug treat-
ment for urge incontinence in older women: A randomized con-
trolled trial. JAMA 1998;280(23):2034-2035.

Wyman JE, Fantl JA. Bladder training in ambulatory care manage-
ment of urinary incontinence. Urol Nurs 1991;11(3):11-17.
Wyman JF, Fantl JA, McClish DK, Bump RC. Comparative effi-
cacy of behavioral interventions in the management of female
urinary incontinence. Continence Program for Women Research
Group. Am | Obstet Gynecol 1998;179(4):999-1007.

Hassouna MM, Siegel SW, Nyeholt AA, et al. Sacral neuromodu-
lation in the treatment of urgency—frequency symptoms: A multi-
center study on efficacy and safety. J Urol 2000;163:1849-1854.
Chartier-Kastler EJ, Rudd Busch JL, Perrigot M, et al. Long-term
results of sacral nerve stimulation (S3) for the treatment of neuro-
genic refractory urge incontinence related to detrusor hyper-
reflexia. J Urol 2000;164:1476-1480.

Aboseif S, Tammadon K, Chalfin S, et al. Sacral neuromodulation
as an effective treatment for refractory pelvic floor dysfunction.
Urology 2002;60:52-56.

Subak LL, Quesenberry CP, Posner SF, et al. The effect of
behavioral therapy on urinary incontinence: A randomized con-
trolled trial. Obstet Gynecol 2002;100:72-78.

Burgio KL, Goode PS, Locher JL, et al. Behavioral training with
and without biofeedback in the treatment of urge incontinence in
older women: A randomized controlled trial. JAMA 2002;288:
2293-2299.

Mattiasson A, Blaakaer J, Hoye K, Wein AJ. Simplified bladder
training augments the effectiveness of tolterodine in patients
with an overactive bladder. Br J Urol Int 2003;91:54-60.
Ouslander JG. Management of overactive bladder. N Engl ] Med
2004;350:786-799.

Wein AJ. Pharmacologic options for the overactive bladder.
Urology 1998;51:43-47.

Lepor H, Williford WO, Barry M]J, et al. The impact of medical
therapy on bother due to symptoms, quality of life and global out-
come and factors predicting response. J Urol 1998;160:1358-1367.
Dmochowski RR, Appell RA. Advancement in pharmacologic
management of overactive bladder. Urology 2000:56 (Suppl
6A):41-49.

472 P&To » August 2006 o Vol. 31 No. 8

55.

56.

o7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.
74.

75.

76.
7.

78.

79.

Yoshimura N, Chancelor MB. Current and future pharmaco-
logical treatment for overactive bladder. J Urol 2002;168:
1897-1913.

Johnson TM II, Miller M, Pillion D], Ouslander JG. Arginine
vasopressin and nocturnal polyuria in older adults with frequent
nighttime voiding. J Urol 2003;170:480-484.

Martin SW, Radley SC, Chess-Williams R, et al. Relaxant effects
of potassium-channel openers on normal and hyper-reflexic
detrusor muscle. Br J Urol 1997;80:405-413.

Leippold T, Reitz A, Schurch B. Botulinum toxin as a new therapy
option for voiding disorders: Current state of the art. Eur Urol
2003;44:165-174.

Andersson K-E, Appell R, Cardozo L, et al. Third International
Consultation on Incontinence. Pharmacological treatment of
urinary incontinence. In: Abrams P, Cardozo L, Khoury S, Wein
A, eds. Incontinence, vol 2. Plymouth, UK: Health Publication
Ltd., 2005;809-855.

Chapple C, Khullar V, Gabriel Z, Dooley JA. The effects of anti-
muscarinic treatments in overactive bladder: A systematic review
and meta-analysis. Eur Urol 2005;48:5-26.

Yamaguchi O, Shishido K, Tamura K, et al. Evaluation of mRNAs
encoding muscarinic receptor subtypes in human detrusor
muscle. J Urol 1996;156:1208-1213.

Yasuhiko I. Discussion: Functional role of M1, M2 and M3
muscarinic receptors in overactive bladder. Urology 2000;
55(5A):47-49.

Caulfield MP, Birdsall NJ. International Union of Pharmacology.
XVII. Classification of muscarinic acetylcholine receptors.
Pharmacol Rev1998;50:279-290.

Blazer DG II, Federspiel CF, Ray WA, Schaffner W. The risk of
anticholinergic toxicity in the elderly: A study of prescribing
practices in two populations. J Gerontol 1983;38:31.

Brown JH, Palmer T. Muscarinic receptor agonist and antagonists.
In: Goodman & Gilman’s The Pharmacological Basis of Thera-
peutics, 9th ed. New York: McGraw-Hill; 1996:141-160.

Moore AR, O’Keeffe ST. Drug-induced cognitive impairment in
the elderly. Drugs Aging 1999;15:15-28. Available at: http://intapp.
medscape.com/px/medlineapp/getdoc?pmi=10459729&cid=
med.

Goode PS, Burgio KL. Pharmacological treatment of lower uri-
nary tract dysfunction in geriatric patients. Am J Med Sci 1997,
314;14(4):262-267.

Rondorf-Klyn LM, Colling J, Simonson W. Medication use by
community-dwelling elderly with urinary incontinence. Urol Nurs
1998;18(3):201-206.

Wei J, Walton EA, Milici A, et al. M1-M5 muscarinic receptor
distribution in rat CNS by RT-PCR and HPLC. ] Neurochem 1994;
63(3):815-821.

Power AE, Mclntyre CK, Litmanovich A, et al. Cholinergic mod-
ulation of memory in the basolateral amygdala involves activation
of both M1 and M2 receptors. Behav Pharmacol 2003;14(3):
207-213.

Todorova A, Vonderheid-Guth B, Dimpfel W. Effects of toltero-
dine, trospium chloride, and oxybutynin on the central nervous
system. J Clin Pharmacol 2001;41(6):636-644.

Tune LE. Serum anticholinergic activity levels and delirium in the
elderly. Semin Clin Neuropsychiatry 2000;5(2):149-153.

Flicker C, Ferris SH, Serby M. Hypersensitivity to scopolamine
in the elderly. Psychopharmacology 1992;107 (2-3):437-441.
Feinberg M. The problems of anticholinergic adverse effects in
older patients. Drugs Aging 1993;3(4):335-348.

Edwards KR, O’Connor JT. Risk of delirium with concurrent use
of tolterodine and acetylcholinesterase inhibitors. J Am Geriatr
Soc 2002;50:1165-1166.

Dutcher JA, Miller SW. Overactive bladder: Definition, etiology,
prevalence and cost. Consult Pharm 2003;18(Suppl B):4-12.
Andersson KE. Antimuscarinics for treatment of overactive
bladder. Lancet Neurol 2004;3:46-53.

Hedges S, Choppin A, Bonhaus D, et al. Functional role of M2 and
M3 muscarinic receptors in the urinary bladder of rats in vitro.
Br ] Pharmacol 1997;120:1409-1418.

Newgreen DT, Anderson DW, Carter AJ. Darifenacin: A novel
bladder-selective agent for the treatment of urge incontinence.



Neurourol Urodyn 1995;14:95-99.

80. YarkerY, Goa KL, Fitton A. Oxybutynin: A review of its pharmaco-
dynamic and pharmacokinetic properties, and its therapeutic use
in detrusor instability. Drugs Aging 1995;6:243-262.

81. Anderson KE, Hedlund P. Pharmacologic perspective on the
physiology of the lower urinary tract. Urology 2002;605(Suppl
1):13-21.

82. Igawa Y, Yamazaki Y, Takeda H, et al. Functional and molecular
biological evidence for a possible beta-adrenoceptor in the human
detrusor muscle. Br | Pharmacol 1999;126:819-825.

83. Fischer CP, Diokno A, Lapides J. The anticholinergic effects of
dicyclomine HClin uninhibited neurogenic bladder dysfunction.
J Urol 1978;120:328-329.

84. Briggs RS, Castleden CM, Asher M]J. The effect of flavoxate on
uninhibited detrusor contractions and urinary incontinence in the
elderly. J Urol 1980;123:665-666.

85. Chapple CR. Muscarinic receptors antagonists in the treatment
of overactive bladder. Urology 2000;55(Suppl 5A):33-46.

86. Holmes DM, Montz FJ, Stanton SL. Oxybutynin versus propan-
theline in the management of detrusor instability: A patient reg-
ulated variable dose trial. Br ] Obstet Gynaecol 1989;96:607-612.

87. Thuroff J, Bunke B, Ebner A, et al. Randomized, double-blind,
multicenter trial on the treatment of frequency, urgency and
incontinence related to detrusor hyperactivity. Oxybutynin versus
propantheline versus placebo. J Urol 1991;145:813-817.

88. Andersson KE. The overactive bladder: Pharmacologic basis of
drug treatment. Urology 1997;50 (Suppl 6a):74-84.

89. Herbison P, Hay-Smith J, Blis G, et al. Effectiveness of anticholin-
ergic drugs compared with placebo in the treatment of overactive
bladder: Systemic review. BM] 2003;326:8414.

90. Enablex (darifenacin). East Hanover, NJ: Novartis Pharmaceuti-
cals Corporation; 2004.

91. VESIcare (solifenacin) tablets. Yamanouchi Pharma America,
Inc., and GlaxoSmithKline; 2004.

92. Sanctura (trospium chloride) tablets. Lexington, MA; Indevus
Pharmaceuticals, Inc.; 2004.

93. Moisey CU, Stephenson TP, Brendler CB. The urodynamic and
subjective results of treatment of detrusor instability with oxy-
butynin chloride. BrJ Urol 1980;52:472-475.

94. Anderson RU, Mobley D, Blank B, et al. Once daily controlled
versus immediate release oxybutynin chloride for urge urinary
incontinence. OROS Oxybutynin Study Group. J Urol 1999;161:
1809-1812.

95. Gleason DM, Susset J, White C, et al. Evaluation of a new once-
daily formulation of oxybutynin for the treatment of urinary urge
incontinence. Ditropan XL Study Group. Urology 1999;54:420-423.

96. Guay D. Clinical pharmacokinetics of drugs used to treat urge
incontinence. Clin Pharmacokinet 2003;42(14):1243-1285.

97. Diokno AC, Appell RA, Sand PK, 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:
687-695.

98. Nelson CP, Gupta P, Napier CM, et al. Functional selectivity of
muscarinic receptor antagonists for inhibition of M3-mediated
phosphoinositide responses in guinea pig urinary bladder and
submandibular salivary gland. J Pharmacol Exp Ther 2004;310(3):
1255-1265.

99. Nilvebrant L: On the muscarinic receptors in the urinary bladder
and the putative subclassification of muscarinic receptors. Acta
Pharmacol Toxicol 1986;59(Suppl 1):1-45.

100. Waldeck K, Larsson B, Andersson KE. Comparison of oxy-
butynin and its active metabolite, N-desethyl-oxybutynin in the
human detrusor and parotid gland. J Urol 1997;157:1093-1097.

101. Anderson GF, Fredericks CM. Characterization of the oxy-
butynin antagonism of drug-induced spasms in detrusor. Pharma-
cology 1977;15:31-39.

102. Tapp AJ, Cardozo LD, Versi E, Cooper D. The treatment of detru-
sor instability in postmenopausal women with oxybutynin
chloride: A double-blind placebo controlled study. Br J Obstet
Gynaecol 1990;97:521-526.

103. Riva D, Casolati E. Oxybutynin chloride in the treatment of idio-
pathic bladder instability: Results from double-blind treatment.

CONTINUING EDUCATION CREDIT

Clin Exp Obstet Gynecol 1984;11:37-42.

104. Zorzitto ML, Holliday PJ, Jewett MA, et al. Oxybutynin chloride
for geriatric urinary dysfunction: A double-blind placebo-
controlled study. Age Aging 1989;18:195-200.

105. Szonyi J, Collas DM, Ding YY, et al. Oxybutynin with bladder
retraining for detrusor instability in elderly people: A randomized
controlled trial. Age Ageing 1995;24(4):287-291.

106. Barkin J, Corcos J, Radomski S, et al. A randomized, double-
blind, parallel-group comparison of controlled- and immediate-
release oxybutynin chloride in urge urinary incontinence. Clin
Ther 2004,26:1026-1036.

107. Baigrie RJ, Kelleher JP, Fawcett DP, Pengelly AW. Oxybutynin:
Is it safe? Br J Urol 1988;62:319-322.

108. Davila GW, Daugherty CA, Sanders SW. A short-term, multi-
center, randomized double-blind dose titration study of the effi-
cacy and anticholinergic side effects of transdermal compared to
immediate release oral oxybutynin treatment of patients with
urge urinary incontinence. J Urol 2001;166:140-145.

109. Andersson KE, Chapple CR. Oxybutynin and the overactive
bladder. World ] Urol 2001;19:319-323.

110. Igawa Y. Discussion: Functional role of M1, M2, and M3 mus-
carinic receptors in overactive bladder. Urology 2000;55(Suppl
5a):47-49.

111. Lai H, Boone T, Appell R. Selecting a medical therapy for over-
active bladder. Rev Urol 2002;4 (Suppl 4):S28-S37.

112. Caldwell J, Marsh M. Metabolism of drugs by the gastrointesti-
nal tracts. In: George C, Shand D, eds. Clinical Pharmacology and
Therapeutics 1: Presystemic Drug Elimination. London: Butter-
worth Scientific; 1982:29-42.

113. Hebjorn S, Andersen JT, Walter S, Mouritzen DA. Detrusor
hyperreflexia: A survey on its etiology and treatment. Scand J Urol
Nephrol 1976;10:103-109.

114. Diokno A, Sand P, Labasky R, et al. Long-term safety of extended-
release oxybutynin chloride in a community-dwelling population
of participants with overactive bladder: A one-year study. Int Urol
Nephrol 2002;34:43-49.

115. Bang LM, Easthope SE, Perry CM. Transdermal oxybutynin for
overactive bladder. Drugs Aging 2003;20:857-864.

116. Saltzstein L. Management of overactive bladder in a difficult-to-
treat patient with a transdermal formulation of oxybutynin. Urol
Nurs 2005;25(4) :260-262.

117. Dmochowski RR, Sand PK, Zinner NR, et al., for the Transdermal
Oxybutynin Study Group. Comparative efficacy and safety of
transdermal oxybutynin and oral tolterodine versus placebo in
previously treated patients with urge and mixed urinary inconti-
nence. Urology 2003;62:237-242.

118. Nilvebrant L, Andersson KE, Gillberg PG, et al. Tolterodine: A
new bladder-selective antimuscarinic agent. Eur | Pharmacol
1997;327:195-207.

119. Nilvebrant L, Glas G, Jonsson A, et al. The iz vitro pharmacolog-
ical profile of tolterodine: A new drug for the treatment of urinary
incontinence. Neurourol Urodyn 1994;13:433-435.

120. Abrams P, Freeman R, Anderstrom C, et al. Tolterodine, a new
antimuscarinic agent: As effective but better tolerated than oxy-
butynin in patients with an overactive bladder. Br J Urol 1998;
81:801-810.

121. Appell RA. Clinical efficacy and safety of tolterodine in the treat-
ment of overactive bladder: A pooled analysis. Urology 1997,
50(Suppl 6A):90-96.

122. Millard R, Tuttle J, Moore K, et al. Clinical efficacy and safety of
tolterodine compared to placebo in detrusor overactivity. J Urol
1999;161:1551-1555.

123. Malone-Lee JG, Walsh JB, Maugourd ME. Tolterodine: A safe and
effective treatment for older patients with overactive bladder
(Abstract). ] Am Geriatr Soc 2001;49:700-705.

124. Rovner ES, Wein AJ. Modern pharmacotherapy of urge urinary
incontinence in the USA: Tolterodine and oxybutynin. BJU Intl
2000; 86(Suppl 2):44-54.

125. Drutz HP, Appell RA, Gleason D, et al. Clinical efficacy and safety
of tolterodine compared to oxybutynin and placebo in patients
with overactive bladder. Int Urogynecol J 1999;10:283-289.

126. Nilvebrant L. The mechanism of action of tolterodine. Rev
Contemp Pharmacother 2000;11:13-27.

Vol. 31 No.8 e August 2006 « P&To 473



CONTINUING EDUCATION CREDIT

127.
128.
129.

130.
131.

132.

133.

134.
135.

136.
137.

138.

139.

140.

141.

142.
143.
144.

145.

146.

147.
148.

149.

Appell RA, Sand P, Dmochowski R, et al. Prospective randomized
controlled trial of extended-release oxybutynin chloride and
tolterodine tartrate in the treatment of overactive bladder: Results
of the OBJECT Study. Mayo Clin Proc 2001;76:358-363.

Van Kerrebroeck P, Kreder K, Jonas U, et al. Tolterodine Study
Group. Tolterodine once daily: Superior efficacy and tolerability
in the treatment of the overactive bladder. Urology 2001;57:
414-421.

Brynne N, Dalén P, Alvan G, Bertilsson L, Gabrielsson J. Influence
of CYP 2D6 polymorphism on the pharmacokinetics and
pharmacodynamics of tolterodine. Clin Pharmacol Ther 1998;
63:529-539.

Rovner ES, Wein AJ. Update on overactive bladder: Pharmaco-
logic approaches on the horizon. Curr Urol Rep 2003;4:385-390.
Chui M, Williamson T, Arciniega ], et al. Patient persistency with
medications for overactive bladder. Value Health 2004;7:366.
Hashim H, Abrams P. Drug treatment of overactive bladder:
Efficacy, cost and quality-of-life considerations. Drugs 2004;64:
1643-1656.

Chapple C, Rechberger T, Al-Shukri S, 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):303-310.

Pak RW, Petrou SP, Staskin DR. Trospium chloride: A quaternary
amine with unique pharmacologic properties. Curr Urol Rep
2003;4:436-440.

Haab F, Stewart L, Dwyer P. Darifenacin, an M, selective recep-
tor antagonist, is an effective and well-tolerated once-daily treat-
ment for overactive bladder. Eur Urol 2004;45:420-429.

Eglen RM, Watson N. Selective muscarinic receptor agonists and
antagonists. Pharmacol Toxicol 1996;78:59-68.

Walls RM, Napier CM. Muscarinic antagonists in development for
disorders of smooth muscle function. Life Sci 1999;64:395-401.
Madersbacher H, Stohrer, Richter R, et al. Trospium chloride ver-
sus oxybutynin: A randomized, double-blind, multicentre trial in the
treatment of detrusor hyper-reflexia. Br | Urol 1995;75:452-456.
Halaska M, Ralph G, Wiedemann A, et al. Controlled, double-
blind, multicentre clinical trial to investigate long-term tolerabil-
ity and efficacy of trospium chloride in patients with detrusor
instability. World J Urol 2003;20:392-399.

Zinner N, Gittelman M, Harris R, et al. Trospium chloride
improves overactive bladder symptoms: A multicenter phase III
trial. J Urol 2004;171:2311-2315.

Cardozo L, Chapple CR, Toozs-Hobson M, et al. Efficacy of
trospium chloride in patients with detrusor instability: A placebo-
controlled, randomized, double blind multicentre clinical trial.
BJU Int 2000;85:659-664.

Pietzko A, Dimpfel W, Schwantes U, Topfmeier P. Influences of
trospium chloride and oxybutynin on quantitative EEG in healthy
volunteers. Eur J Clin Pharmacol 1994;47:337-343.

Breuel HP, Miirtz G, Bondy S, et al. Safety and tolerance of tro-
spium chloride in the high dose range. Arzneimittelforschung
1993;43(4):461-464.

Beckmann-Knopp S, Rietbrock S, Weyenmeyer R, et al. Inhibitory
effects of trospium chloride on cytochrome P540 enzymes in
human liver microsomes. Pharmacol Toxicol 1999;85(6):299-304.
Rovner ES. Trospium chloride in the management of overactive
bladder. Drugs 2004;64(21):2433-2446.

Fusgen |, liauri D. Trospium chloride: An effective option for med-
ical treatment of bladder overactivity. Int J Clin Pharmacol Ther
2000;38:223-234.

Ikeda K, Kobayashi S, Suzuki M, et al. M (3) receptor antagonist
by the novel antimuscarin[ic] agent solifenacin in the urinary
bladder and salivary gland. Naunyn Schmiedebergs Arch Pharma-
col 2002;366:97-103.

Brunton S, Kuritzky L. Recent developments in the management
of overactive bladder: Focus on the efficacy and tolerability of
once-daily solifenacin succinate 5 mg. Curr Med Res Opin 2005;
21:71-80.

Chapple C, Wyndaele JJ, Gronen S, for the Solifenacin Study
Group. Solifenacin provided statistically significant and clinically
relevant reductions in urgency, a defining symptom of overactive
bladder. Neurourol Urodyn 2004;23:316.

474 P&Ts « August 2006 * Vol. 31 No.8

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Cardozo L, Castro-Diaz D, Gittelman M, et al. Reductions in over-
active bladder-related incontinence from pooled analysis of phase
III trials evaluating treatment with solifenacin. Int Urogynecol
J Pelvic Floor Dysfunct (electronic publication, April 20, 2006).
Haab F, Cardozo L, Chapple C, Ridder AM, for the Solifenacin
Study Group. Long-term open-label solifenacin treatment associ-
ated with persistence with therapy in patients with overactive
bladder syndrome. Eur Urol 2005;47:376-384.

Cardozo L, Lisec M, Millard R, et al. Randomized, double-blind
placebo-controlled trial of the once-daily antimuscarinic agent
solifenacin succinate in patients with overactive bladder. J Urol
2004; 172:1919-1924.

Kelleher C, Cardozo L, Chapple C, et al. Improved quality of life
in patients with overactive bladder symptoms treated with soli-
fenacin. BJU Intl 2005;95:81-85.

Cardozo L, Chapple CR, Swift S, et al, for the Solifenacin Study
Group. Solifenacin was effective and well tolerated in patients of
all ages. Third International Consultation on Incontinence,
June 26-29, 2004, Monte Carlo.

Chapple CR, Martinez-Garcia R, Selvaggi L, et al. A comparison
of the efficacy and tolerability of solifenacin succinate and
extended release tolterodine at treating overactive bladder syn-
drome: Results of the STAR trial. Eur Urol 2005;48:464-470.
Chapple CR. Darifenacin: a novel M3 muscarinic selective recep-
tor antagonist for the treatment of overactive bladder. Expert
Opin Invest Drugs 2004;13(11):1493-1500.

Foote JE. Darifenacin, a highly M3 selective muscarinic receptor
antagonist, is effective and well tolerated by elderly patients with
overactive bladder. ] Am Geriatr Soc 2004;52:5126.

Zinner N, Tuttle JB, Marks L. Efficacy and tolerability of dari-
fenacin, a muscarinic M3 selective receptor antagonist, compared
with oxybutynin in the treatment of patients with overactive
bladder. International Continence Society Meeting, Paris, France,
2004.

Khullar V. Darifenacin, an M3 selective receptor antagonist,
reduces the frequency of nocturnal awakening, and important
symptom of overactive bladder (Abstract 491). J Urol 2004;171
(4 Suppl):131.

Robinson D, Khullar V, Cardozo L. Pharmacological manage-
ment of detrusor instability. Int Urogynecol ] 2001;12:271-278.
Braverman AS, Ruggieri MR, Pontari MA. The M2 muscarinic
receptor subtype medicates cholinergic bladder contractions in
patients with neurogenic bladder dysfunction. J Urol 2001;165:36.
Braverman AS, Tallarida R, Ruggieri MR. Interaction between
muscarinic receptors subtype signal transduction pathways
mediating bladder contraction. Am J Physiol Regul Integr Comp
Physiol 2002;283:1-6.

Ouslander J, Maloney C, Graselat Rogers L, et al. Implementation
of a nursing home urinary incontinence management program
with and without tolterodine. J Am Med Director Assoc 2001;2:
207-214.

Burgio KL, Locker J, Goode PS. Combined behavioral and drug
therapy for urge incontinence in older women. | Am Geriatric Soc
2000;48:370-374.

Kelleher CJ, Cardozo LD, Khullar V, Salvatore S. A medium-term
analysis of the subjective efficacy of treatment for women with
detrusor instability and low bladder compliance. Br J Obstet
Gynaecol 1997;104:988-993.

Hofer K, Oelke M, Machtens S, et al. Trospium chloride: An
effective drug in the treatment of overactive bladder and detru-
sor hyper-reflexia. World | Urol 2001;19:336-343. W

Bureau for Forest Pharmaceuticals. Dr. Geibig has no
relationships to disclose.The content of this article has
been reviewed under Jefferson’s Continuing Medical
Education COl policy.

Conflict-of-Interest (COI) Statement
Dr. DeMaagd has disclosed that he is on the Speaker’s




CONTINUING EDUCATION CREDIT

Continuing Education Questions for Physicians and Pharmacists
P&T® 2006;31(8):462-474

ACPE Program #079-999-06-018-HO1

Expiration Date: August 31, 2007

Toric: An Overview of Overactive Bladder and Its Pharmacological Management with a
Focus on Anticholinergic Drugs

CME Accreditation

This activity has been planned and implemented in accordance with the Essential Areas
and Policies of the Accreditation Council for Continuing Medical Education (ACCME)
through the joint sponsorship of Jefferson Medical College and MediMedia USA, Inc.

Thomas Jefferson
Jefferson Medical
University | College

Jefferson Medical College of Thomas Jefferson University, as a member of the Consortium for Academic Continuing Medical
Education, is accredited by the Accreditation Council for Continuing Medical Education to sponsor continuing medical educa-
tion for physicians. All faculty/authors participating in continuing medical education activities sponsored by Jefferson Med-
ical College are expected to disclose to the activity audience any real or apparent conflict(s) of interest related to the content
of their article(s). Full disclosure of these relationships appears on the last page of the article.

Continuing Medical Education Credit
This CME activity is designed to assist physicians and other health care professionals who are P&T committee members in
making formulary decisions. Its goal is to increase participants’ ability to recognize and treat important medical problems.

Jefferson Medical College designates this continuing medical education activity for a maximum of one Category 1 credit
toward the Physician’s Recognition Award (PRA) of the American Medical Association. Each physician should claim only
those credits that he/she actually spent in the educational activity.

This credit is available for the period of one year from the date of publication.

Although forms will be processed when received, certificates for CME credits will be issued every six months, in February
and August. Interim requests for certificates can be made by contacting the Jefferson Office of Continuing Medical Education
at (215) 955-6992 or by going online to http://jeffline.tju.edu/jeffcme/.

Continuing Pharmacy Education Credit

The Department of Health Policy, Thomas Jefferson University Hospital, is approved by the Accreditation Council for
% Pharmacy Education (ACPE) as a provider of continuing pharmaceutical education and complies with the

Criteria for Quality for continuing pharmaceutical education programming. This program (079-999-06-018-H01) is
acceptable for 1.0 hour of continuing education credit (0.1 CEUs) in states that recognize ACPE-approved providers. State-
ments of Credit indicating hours/CEUs will be mailed within six to eight weeks to participants who completed this activity
and submitted a completed evaluation with payment.

How to Apply for CE Credit

1. Each CE article is prefaced by learning objectives for participants to use to determine whether the article relates to their
individual learning needs.
2. Read the article carefully, paying particular attention to the tables and other illustrative materials.
3. Complete the questions and fill in the answers on the evaluation form on the next page.
4. Complete the CE Registration and Evaluation Form. Type or print your full name and address in the space provided, and
evaluate the activity as requested. In order for the form to be processed, all information must be complete and legible.
5. Payment of $10 per exam is required for processing and maintenance of records. Make checks payable to P&T®. This
processing fee is non-refundable.
6. Send the completed form, answer sheet, and $10 payment to:
Department of Health Policy
Thomas Jefferson University
Attn: Continuing Education Credit
1015 Walnut Street, Suite 115
Philadelphia, PA 19107
7. Be sure to mail the Registration, Evaluation Form, and $10 payment within one year of the date of publication. After that
date, this article will no longer be designated for credit and forms cannot be processed.

Vol. 31 No.8 ¢ August 2006 « P&Te 475



CONTINUING EDUCATION CREDIT

Continuing Education Questions for Physicians and Pharmacists

Toric: An Overview of Overactive Bladder and Its Pharmacological Management with a
Focus on Anticholinergic Drugs
APCE Program #079-999-06-018-HO1

CE Evaluation: Select the one best answer to each of the following questions, and record your response on the
examination answer sheet. Complete the additional requested information. Forward the answer sheet, with appro-
priate payment, to the Department of Health Policy, Thomas Jefferson University Hospital, at the address indicated.
A certificate of completion will be mailed within six to eight weeks of receipt of your exam/payment. (A minimum
test score of 70% is required.)

Multiple Choice 6. Which of the following drugs, when used orally,
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c. solifenacin d. performing tasks that require mental alertness.
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Certification: I attest to having completed this CE activity.

Signature (required) Date

Answer Sheet
Please fill in the box next to the letter corresponding to the correct answer

1.ad bO c¢cO d0O 6.ald b cO dO
2.a0 bO c¢cO dO 7.0 bO c¢cO d0O
3.all b ¢ dO & all bO c¢cO d@O
4. a0 bO c¢cOb d0O 99a0 bO c¢cO d0O
55a0 bO c¢cO dO 10.a 0 bDO c¢cO dO
Evaluation
Rate the extent to which: Very High High Moderate Low Very Low
1. Objectives of this activity were met O O O O O
2. You were satisfied with the overall quality of this activity O O O O O
3. Content was relevant to your practice needs U U U U U
4. Participation in this activity changed your O O O ] ]
knowledge/attitudes O O O O O
5. You will make a change in your practice as a result O O O O O
of participation in this activity
6. This activity presented scientifically rigorous, O O O O O
unbiased, and balanced information
7. Individual presentations were free of commercial bias O O O O O
8. Adequate time was available for Q&A O O O O O
9. Which ONE of the following best describes the impact of this activity on your performance:
[J This program will not change my behavior because my current practice is consistent with what was taught.
[J This activity will not change my behavior because I do not agree with the information presented.
[J I need more information before I can change my practice behavior.
[0 I'will immediately implement the information into my practice.
10. Will you take any of the following actions as a result of participating in this educational activity (check all that apply)
[J Discuss new information with other professionals [0 Consult the literature
[J Discuss with industry representative (s) [J Participate in another educational activity
(1 Other (1 None

Send the completed form and $10 payment (make checks payable to P&T) to: Department of Health Policy, Thomas Jefferson
University, Attn: Continuing Education Credit, 1015 Walnut Street, Suite 115, Philadelphia, PA 19107.
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