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Introduction
This year will bring the approval of four new drugs
designed for the treatment of urinary incontinence by the
US Food and Drug Administration (FDA). Three of these
drugs, darifenacin, solifenacin, and trospium, will be
marketed for the treatment of the overactive bladder
(OAB) and urge incontinence. The fourth, duloxetine,
will be the first FDA-approved drug indicated for the
treatment of female stress urinary incontinence (SUI).
Such an onslaught of new agents developed for the treat-
ment of vesico-urethral dysfunction is unprecedented.
There are several compelling reasons why the pharmaceu-
tic industry is investing so much money, time, and effort
into producing, testing, and marketing these drugs at the
present date. First, currently available agents, although
effective, are by no means a panacea and their clinical
benefits are beset by limited bladder selectivity and
resultant peripheral side effects, hampering tolerability.
Second, the known overall prevalence of OAB and incon-
tinence is enormous, with OAB affecting upward of 17
million people in the United States and many millions
more in Europe, and with SUI affecting up to 35% of the

adult female population [1,2]. Third, this is a huge busi-
ness, with $1 billion being spent on drugs for OAB alone
in 2002. Because many people do not seek therapy sec-
ondary to ignorance of effective treatments or fear of
invasive surgery, these numbers can only be expected to
increase over time with the promotion of newly available
oral agents. Direct-to-consumer marketing already has
proven effective in bringing patients to the physician’s
office and requesting specific medication. The question
remains whether these new drugs will improve on the
currently available armamentarium of agents. It is hoped
that the data presented in this discourse will allow the
readers to draw their own conclusions in this regard.

Overactive Bladder: The Ideal Agent
Overactive bladder as defined by the International Conti-
nence Society is a symptom complex of urinary urgency
with or without urge incontinence, usually with frequency
and nocturia for which a pathologic or metabolic cause has
not been identified [3]. Although increased bladder sensa-
tion and other factors may contribute to this syndrome, the
most common cause of OAB is detrusor overactivity (invol-
untary detrusor contractions during bladder filling) [3].
Because detrusor contraction is mediated by the binding of
acetylcholine to muscarinic receptors at the neuromuscular
junction, antimuscarinic agents have become the mainstay
of therapy for OAB. Although there are five known muscar-
inic receptor subtypes, the M3 receptor appears to be of
singular importance in mediating detrusor contraction in
humans [4]. The M2 receptor also may be critical in medi-
ating detrusor contraction under certain pathologic condi-
tions. Notwithstanding the fact that the ideal agent for
treating OAB would treat increased bladder sensation and
overactive detrusor function, this article discusses what the
ideal antimuscarinic agent should look like because these
agents are, and will be for the foreseeable future, the foun-
dation of available therapy.

The primary aim of antimuscarinic therapy for the
treatment of OAB is to relieve symptoms by the suppres-
sion of involuntary bladder contractions. The ideal agent
would achieve this without inhibiting volitional bladder-
emptying function. In addition, this agent would be 100%
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bladder selective and ignorant of the muscarinic receptors
of other organ systems. High bladder selectivity would pre-
clude the common side effects of dry mouth, constipation,
and headache associated with currently available agents.
This agent should be easy to administer and be lacking in
significant drug-drug interactions. Whether this agent
should be highly selective for the bladder M3 receptor or
whether it interacts with M2 receptors and possibly M1
receptors (present in bladder prejunctional cholinergic
nerve terminals) remains to be definitively established.

New Drugs for Overactive Bladder
Darifenacin hydrobromide
Darifenacin’s novelty among the antimuscarinics is its
selectivity for the M3 muscarinic receptor [5,6]. It is the
first M3 selective agent ever to reach clinical trials and will
be the first approved for the treatment of OAB. At initial
glance, it seems obvious that a selective M3 antagonist may
be advantageous in treating OAB, maximizing therapeutic
efficacy while minimizing the potential adverse effects of
nonselective blockade. As previously mentioned, the M3
receptor has been shown to be of individual prime impor-
tance in mediating detrusor contractility in OAB [7,8].
However, the key factor for success of such an agent is
whether it will retain bladder selectivity, because M3 recep-
tors are densely present in the salivary glands and intesti-
nal tract [9,10]. Although laboratory evidence has
suggested that darifenacin is more highly selective for the
bladder over the salivary gland, the clinical significance of
this in terms of limiting xerostomia has not been proven
[11,12]. Another question is whether selective M3 blockade
will prove advantageous in terms of overall drug efficacy.
Although controversial, there is evidence to suggest that
the M2 receptor, more populous in the detrusor muscle
than M3, may play a major role in mediating detrusor con-
traction during pathologic states, such as diabetes and neu-
rologic injury [13–17]. A highly selective agent such as
darifenacin theoretically could be less effective under cer-
tain conditions [18].

Darifenacin is to be marketed in once-daily doses of
7.5 or 15 mg formulated in a controlled-release system. It
is extensively metabolized in the liver by the cytochrome
P450 system. The hydroxylated metabolite has a negligible
effect on salivary flow relative to the parent compound
[19]. Steady state is achieved in plasma by 6 days with
once-daily dosing. Pharmacokinetics are not affected by
the coadministration of food so it may be administered
without regard to meals.

Clinical Data
Initial clinical studies on darifenacin were carried out by
Rosario et al. [20,21] on a small group of patients with
symptoms of OAB and detrusor overactivity. In these short-
term, placebo-controlled studies, the authors were able to

demonstrate that darifenacin, in daily doses of 5 and 10 mg
is effective in reducing OAB symptoms. Observed symptom-
atic improvement correlated with a reduction in detrusor
overactivity on ambulatory urodynamic testing. In a small,
randomized, double-blind crossover study, Mundy et al.
[22] went on to demonstrate that darifenacin had equiva-
lent efficacy to immediate-release oxybutynin in reducing
detrusor overactivity with less effect on salivary flow.

Chapple et al. [23•] recently reported the results of
pooled data from three large, multicenter, double-blind,
placebo-controlled studies assessing efficacy, safety, and
tolerability of darifenacin. All of the enrolled patients (n =
1049) suffered from OAB for a minimum of 6 months.
After a 2-week washout phase followed by a 2-week pla-
cebo run-in, patients were randomized to receive once-
daily darifenacin 7.5 mg, 15 mg, or placebo for 12 weeks.
Results were expressed as median and percent change from
baseline to week 12. The primary efficacy variable was
incontinence episodes/week and darifenacin at the 7.5-
and 15-mg doses showed statistically significant decreases
in this variable relative to placebo (percent median reduc-
tion, 68.4%, 76.8%, 53.8%, and 58.3% for the 7.5-, 15-mg
doses of darifenacin and the two placebo arms, respec-
tively). When the authors looked at the number of patients
achieving a 50% or greater reduction in incontinence epi-
sodes per week, both doses of the drug demonstrated sta-
tistically significant efficacy (66% and 70% of patients
receiving the 7.5- and 15-mg dose, respectively [P <
0.001]). Either dose of darifenacin resulted in significant
improvement in all of the measured secondary outcome
parameters including frequency, voided volume, urgency,
urge severity, and the weekly number of severe inconti-
nence episodes requiring a pad or clothing change.
Darifenacin appeared to be more effective at 15 rather than
7.5 mg, but resulted in more side effects. Dry mouth
occurred in 20% and 35% of the patients taking 7.5 and 15
mg, respectively, versus 8% for placebo. Rates of constipa-
tion were significant and occurred in 15% and 21% of
patients taking the 7.5- and 15-mg doses, respectively, ver-
sus 6% for placebo. Despite this, most patients completed
the study. Central nervous system (CNS) and cardiovascu-
lar adverse events were similar to placebo.

Khullar [24] reported on the efficacy of darifenacin in
reducing nocturia, a component of OAB that often is diffi-
cult to treat. In this multicenter, double-blind, placebo-
controlled study, 439 patients were randomized to
darifenacin 7.5 mg, 15 mg, or placebo for a period of 12
weeks. Data from 317 patients were included in the final
analysis, which demonstrated a significant reduction in the
median number of nocturnal awakenings in patients on
either dose of darifenacin relative to placebo (median per-
cent change from baseline was -22.1%, -22.7%, and -3.6%
for darifenacin 7.5 mg, 15 mg, and placebo, respectively).
However, if one looks at the maximal median decrease in
nocturnal awakenings per week, this was only two at best;
therefore, the overall clinical value of this finding is debat-
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able. This study also confirmed the efficacy of darifenacin
in reducing weekly incontinence episodes (68.7% reduc-
tion at 7.5 mg and 76.5% reduction at 15 mg) compared
with placebo (46% reduction).

In another recently published 12-week, multicenter,
double-blind, placebo-controlled study of 561 patients,
darifenacin was shown to have a rapid onset of clinical
efficacy, apparent by 2 weeks after administration [25].
At 12 weeks, there was a statistically significant reduction
in weekly incontinence episodes by 67.7% and 72.8% of
patients on darifenacin 7.5 mg and 15 mg, respectively,
compared with 55.9% of patients taking placebo. Both
darifenacin doses resulted in significant improvements
in the secondary parameters of frequency, voided vol-
ume, frequency and severity of urgency, and number of
severe incontinence episodes relative to placebo. In con-
trast to the reported results of Khullar [24], there was no
significant improvement in nocturia observed in patients
taking darifenacin.

Solifenacin succinate
Solifenacin is a new, non-selective muscarinic antagonist,
demonstrated to bind to M1, M2, and M3 receptor sub-
types [26]. Similar to tolterodine and darifenacin, solifena-
cin has been shown to have higher in vitro affinity for the
bladder than the salivary gland [27]. Animal studies have
suggested that it has the highest degree of bladder selectiv-
ity in vitro and in vivo compared with tolterodine, oxybu-
tynin, and darifenacin [28,29]. Pharmacokinetic studies
have revealed it to have a long half-life (50 hours). Phase-1
trials demonstrated solifenacin to be safe and well toler-
ated at daily doses of 5 to 10 mg [30]. Phase-2 trials of
patients with OAB demonstrated maximal drug efficacy at
doses of 10 mg in reducing urinary frequency and urge
incontinence. Higher doses failed to improve efficacy, but
significantly limited tolerability [31].

In a 4-week multicenter, placebo-controlled trial of 225
patients, the 5- and 10-mg doses produced statistically sig-
nificant (P < 0.05) improvements in urinary frequency
(18% and 21% reduction, respectively) and mean voided
volume (28% and 35% increase, respectively). There also
was a trend toward reduction of daily urge incontinence
episodes in patients receiving solifenacin, but this did not
reach statistical significance. The medication demonstrated
a rapid onset of clinical action with patients gaining the
most benefit by 2 weeks. Dry mouth was the most com-
monly reported adverse event (14% for either dose) fol-
lowed by constipation.

Chapple [32•] reported the results of a phase-3a ran-
domized, double-blind, placebo- and tolterodine-con-
trolled trial of 1033 patients with OAB. This study was
unique in that it was the first phase-3 study to evaluate
urgency as a primary efficacy variable in patients with
OAB. Patients were randomized to receive 12 weeks of
solifenacin at 5 or 10 mg, immediate-release tolterodine,
or placebo. Outcomes were assessed by measuring the

change from baseline in mean number of urgency epi-
sodes, urge incontinence and total incontinence episodes,
voids per 24 hours, and voided volume. Patients who
received 5 or 10 mg of solifenacin experienced equivalent
statistically significant reductions in daily urgency epi-
sodes relative to placebo (5 mg, -2.85[-52%]; 10mg, -3.07
[-55%]). They also saw significant reductions in daily
urge incontinence episodes (5 mg, -1.41[-65%]; 10 mg,
-1.36 [-63%]) and total incontinence episodes. Solifena-
cin at 10 mg resulted in the greatest significant reduction
in mean daily voids (-2.61 [-20%]) followed by the 5-mg
dose (-2.19 [17%]) and tolterodine (-1.88 [-15%]). Mean
volume voided also significantly increased with either
dose of solifenacin relative to placebo (5 mg, +32.9 mL
[+25%]; 10 mg, +39.2 mL [+29%]). Solifenacin was well
tolerated in this study with equivalent drug discontinua-
tion rates to placebo. The major adverse event with the
use of solifenacin was dry mouth, which occurred in 14%
of the patients taking 5 mg and 21.3% of patients taking
10 mg. This was comparable with the 18.6% incidence in
patients taking immediate-release tolterodine. The
authors reported that most of the patients (80%) taking
the 5-mg dose who experienced dry mouth described it as
mild. Constipation occurred in 7.2% and 7.8% of
patients treated with solifenacin 5 and 10 mg, respec-
tively, compared with only 2.6% of patients on immedi-
ate- re lease  tol terodine.  Blurred v is ion occurred
in 3.6% and 5.6% of  patients on 5 and 10 mg of
solifenacin, respectively, compared with 2.6% of patients
receiving placebo.

Gittelman et al. [33] reported on the results of two
phase-3, randomized, double-blind, placebo-controlled
studies of solifenacin 10 mg daily in 1208 patients with
OAB. The results paralleled the previously mentioned data
and demonstrated the 10-mg dose to be statistically signifi-
cantly superior to placebo in improving urinary frequency,
urgency, and urge incontinence while increasing voided
volume. In this study, solifenacin was twice as effective as
placebo in reducing daily micturitions (-2.7 vs -1.4; P <
0.001) while increasing mean voided volume by 46.8 mL
(relative to 7.7 mL for placebo; P < 0.001).

Kaufman et al. [34] evaluated the data from this same
cohort of patients to determine the ability of solifenacin to
result in total continence. Of the initial cohort, 475 of the
patients assigned to placebo and 455 assigned to active drug
had incontinence at baseline. Fifty-three percent of the
patients taking 10 mg of solifenacin became continent by the
end of the study versus 31% of patients receiving placebo (P
< 0.001). Eighty-two percent of the patients on active drug
experienced at least a 50% reduction in incontinence epi-
sodes relative to 57% of those receiving placebo (P < 0.001).

Trospium chloride
Trospium chloride (TCl) was approved by the FDA for the
treatment of OAB in June 2004. It is unique among the
new antimuscarinic agents in several ways. It has been
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available in Europe for more than 20 years and during this
time, it has been demonstrated to be safe and effective for
the treatment of OAB and detrusor overactivity. More than
10,000 patients have participated in postmarketing surveil-
lance studies, demonstrating improvement in micturition
patterns, urinary incontinence, and quality of life [35]. Tro-
spium has the least selectivity and the highest overall affin-
ity to all of the muscarinic receptor subtypes relative to
other agents used for OAB. Its chemical structure as a posi-
tively charged quaternary amine is distinct from the avail-
able and upcoming agents, which are negatively charged
tertiary amines. The positive charge and hydrophilic chem-
istry of trospium prevent it from crossing the blood-brain
barrier and slow its absorption from the gastrointestinal
tract. Trospium is dosed at 20 mg twice daily. Maximal
plasma levels occur 5 hours after oral administration. The
half-life of TCl is longer than the currently available agents
at 12 to 18 hours (compared with 13.2 hours for extended-
release oxybutynin and 8.4 hours for tolterodine)
[36•,37]. The drug is minimally metabolized by the cyto-
chrome P450 system and more than 80% of the active
compound is excreted unchanged in the urine as TCl
[1,35]. Trospium has been shown to be rapidly effective,
reducing urinary frequency and urge incontinence within 3
to 7 days after administration [38].

European Data
Since its introduction in the 1980s, a number of clinical
trials and postmarketing surveillance studies have exam-
ined the role of TCl in the treatment of detrusor overac-
tivity. In one European placebo-controlled, randomized,
double-blind trial, 208 patients (between the ages of 18
and 70 years) with detrusor overactivity were random-
ized to receive placebo or TCl (20 mg twice daily) for 3
weeks. Trospium resulted in significant improvements
in maximum cystometric bladder capacity (+22 mL vs
+10 mL for placebo) and volume at first unstable con-
traction (+45 mL vs +2 mL for placebo). Patients’ assess-
ment of efficacy showed greater clinical improvement in
the TCl group than the placebo group. Similar rates of
adverse events were seen in both groups (68% for TCl
and 62% for placebo), with dry mouth being the most
frequently reported event (41% for TCl and 17% for pla-
cebo). No CNS side effects occurred in patients in the
TCl group [39]. These findings were consistent with an
earlier randomized, placebo-controlled, double-blind
urodynamic study on the efficacy of TCl (20 mg twice
daily for 3 weeks) in the treatment of detrusor overactiv-
ity. Patients receiving TCl demonstrated an increase in
maximum bladder capacity by 79 mL (no difference for
placebo). Volume of the first unstable contraction
increased by nearly 100 mL for the TCl group versus 40
mL for the placebo group. Again, similar rates of adverse
events and discontinuation were observed in both
groups [40].

Trospium chloride also has been tested in the treat-
ment of neurogenic detrusor overactivity. In a multicenter,
placebo-controlled trial of 61 patients with spinal cord
injuries and detrusor overactivity, patients who received 20
mg of TCl twice daily for 3 weeks saw significant improve-
ments in mean maximum cystometric capacity (+138 mL),
maximum detrusor pressure (-38 cm H20), and compli-
ance (+12 mL/cm H20) relative to placebo [41]. Maders-
bacher et al. [42] compared the effects of TCl versus
immediate-release oxybutynin in 95 patients with spinal
cord injuries and neurogenic detrusor overactivity. After 2
weeks of therapy (TCl 20 mg twice daily or oxybutynin 5
mg three times daily), although both drugs resulted in sta-
tistically significant improvement in maximum bladder
capacity, maximum voiding detrusor pressure, and compli-
ance, the TCl group reported fewer adverse events, espe-
cially severe dry mouth (4% vs 23%) compared with the
immediate-release oxybutynin group [42].

Long-term efficacy and tolerability of TCl has been
demonstrated in several studies. Halaska et al. [43]
reported the results of a trial of 358 patients with OAB ran-
domized to 20 mg of TCl twice daily versus immediate-
release oxybutynin 5 mg twice daily over 52 weeks. The
two drugs, proven to be equally effective, showing no sta-
tistically significant differences in the resulting increases in
maximum cystometric bladder capacity (+115 mL in TCl
and +119 mL in IR oxybutynin), volume at first uninhib-
ited contraction (+46 mL in TCL and +37 in immediate-
release oxybutynin), or volume at first sensation to void
(+79 mL in TCl and +70 mL in immediate-release oxybuty-
nin). Both groups also experienced similar reductions in
micturition frequency, frequency of incontinence episodes,
and episodes of urgency. However, drug-related adverse
event rates were higher in the immediate-release oxybuty-
nin group (59% vs 48%), with dry mouth predominating
(50% vs 33%). The authors found that immediate-release
oxybutynin increased the risk of dry mouth by a factor of
2.3 relative to TCl. In this study, constipation was more
common in the TCl group relative to the immediate-
release oxybutynin group (7% vs 4%). After 1 year of treat-
ment, TCl was considered to have very good tolerability by
63% of patients (compared with 42% of patients taking
immediate-release oxybutynin). These results are compara-
ble with a similar study by Hofner et al. [44] who also
demonstrated a lower percentage of adverse events at 1
year in patients taking TCl versus immediate-release oxy-
butynin (47.9% vs 58.9%).

United States Data
Zinner et al. [45] recently reported the results of a US
phase-3 FDA trial of TCl for the treatment of OAB. This
multicenter, randomized, double-blind, placebo-con-
trolled trial enrolled a total of 521 patients. Patients who
received TCl (20 mg twice daily) saw clinical benefit as
early as 1 week after initiation of treatment. Statistically
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significant improvements in urinary frequency, patient
perception of urge severity, and urge incontinence epi-
sodes were seen in the TCl group relative to placebo,
which continued through the duration of the study (12
weeks). By the end of the study, patients receiving TCl
saw a 60% improvement in daily incontinence episodes
relative to a 44% improvement with placebo. Seventy-
one percent of the patients taking TCl had at least a 50%
reduction in daily incontinence episodes compared with
54% of patients taking placebo, with twice as many
becoming completely dry relative to placebo (21% vs
11%). TCl demonstrated statistically significant superi-
ority to placebo in improving average volume voided,
the frequency and severity of urgency, and the frequency
of diurnal and nocturnal voids. Although total Inconti-
nence Impact Questionnaire scores were significantly
improved in the female patients only, a subgroup analy-
sis revealed that there was no significant difference in
drug effectiveness with respect to gender.

In terms of adverse events, TCl demonstrated a 22%
incidence of dry mouth (vs 6.5% with placebo) and a 10%
incidence of constipation (vs 4% with placebo). These
tended to occur early and resolved with continued treat-
ment. CNS-related side effects were equivalent to placebo.
The overall drug discontinuation rate was equivalent to
placebo (16.4%).

Objective urodynamic data and subjective quality-of-life
reports have confirmed the efficacy of TCl in treating OAB. In
addition, comparative studies have shown TCl to be equally
efficacious in the treatment of OAB as other antimuscarinic
agents. TCl appears to have some minor advantages with
regard to its rapid onset of action (1 week; which may allow
nonresponders to move onto other treatment modalities
more rapidly) and low incidence of CNS adverse events rela-
tive to other agents. CNS effects are thought to be averted by
TCl through its quaternary amine structure, which prevents it
from crossing the blood-brain barrier. This may make TCl bet-
ter tolerated by elderly patients who are more susceptible to
CNS side effects. Todorova et al. [46] compared the effects of
tolterodine, TCl, and oxybutynin versus placebo on electroen-
cephalogram parameters and found TCl to have an effect
comparable with placebo (Detrol [Pfizer, New York, NY], a
tertiary amine, had equivalently minor CNS effects). TCl’s
quaternary structure also avoids metabolism by the cyto-
chrome P-450 system, limiting drug-drug interactions. TCl
does not appear to provide any particular advantage over
available agents in terms of gastrointestinal side effects
including xerostomia [46]. A potential disadvantage of TCL is
its twice-daily dosing schedule. Patient compliance with drug
treatment often correlates with ease of use and once-daily
agents will have a selective advantage in certain patients to
whom this appeals.

Duloxetine
Upon its final FDA approval, duloxetine is set to become
the first drug indicated for the treatment of female SUI in

the United States. Short of sporadically effective behavioral
therapy, patients with pelvic floor muscle training and bio-
feedback have had to rely on effective surgical therapy for
SUI cure. This has hampered some patients from seeking
therapy because of fear of undergoing invasive surgery or
ineligibility as a result of medical comorbidities. Although
oral agents such as tricyclic antidepressants, estrogens, and
adrenergic agonists have been used off-label for the treat-
ment of SUI, such agents have had limited efficacy and
substantial side effects, precluding their widespread use
and acceptance. If effective, duloxetine potentially could
revolutionize the way women are treated for SUI, much
like the way Viagra (Pfizer, New York, NY) revolutionized
the treatment of male erectile dysfunction.

Duloxetine functions as a balanced dual reuptake
inhibitor of the neurotransmitters serotonin (5-HT) and
norepinephrine. Both of these neurotransmitters have
been shown to be involved in the neural control of vesico-
urethral function in animal models [47,48]. Onuf’s
nucleus, located in the lateral border of the ventral horn of
the sacral spinal cord, is centrally involved in the somatic
regulation of muscular tone at the striated urethral sphinc-
ter (rhabdosphincter) through the pudendal nerve. It is
densely innervated with noradrenergic and serotonergic
nerve terminals [49]. α-1 adrenoceptors and 5-HT recep-
tors in these terminals play a role in activating the urine
storage reflex by facilitating rhabdosphincter contraction,
thereby increasing urethral closure pressure. Duloxetine, by
preventing reuptake of 5-HT and norepinephrine, results in
increased pudendal nerve stimulation and increased tone
at the striated rhabdosphincter [50]. In effect, this should
help increase urethral resistance to leakage during periods
of urine storage, reducing SUI.

Phase-I studies have demonstrated that duloxetine is
safe and tolerable in healthy subjects [51,52]. Norton et al.
[53•] conducted the first placebo-controlled, randomized
efficacy trial in the United States involving 553 women
(between the ages of 18 and 65 years) with SUI. To be
included, patients needed to have had SUI for at least 3
months (≥ four weekly stress incontinent episodes), nor-
mal bladder capacity (tolerating 400-mL saline infusion),
objective evidence of SUI on a cough stress test and stress
pad test, and no previous anti-incontinence surgery. Of the
553 women enrolled, 86 underwent urodynamic testing
and of these, 92% were found to have urodynamic evi-
dence of SUI, which indicated accurate patient enrollment.
Because this phase-2 study was interested in determining
the optimal dosage of duloxetine, subjects were random-
ized to 12 weeks of treatment with placebo or duloxetine
at twice-daily divided doses of 20, 40, or 80 mg. Treatment
efficacy was assessed by measurement of patient-recorded
incontinence episode frequency (IEF), Patient Global
Impression of Improvement scale (PGI-I), and Inconti-
nence Quality-of-Life (I-QOL) questionnaires. The authors
found that duloxetine resulted in significant dose-depen-
dent decreases in IEF with corresponding improvements
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observed in PGI-I and I-QOL scores. The median decrease
of IEF with placebo was 41% compared with 54%, 59%,
and 64% for duloxetine 20, 40, and 80 mg, respectively,
daily. Dose-dependent adverse events and discontinuation
rates also were observed. Nausea was the most common
adverse event, occurring in 13% of the patients taking
duloxetine at 80 mg daily. However, it led to drug discon-
tinuation in only one third of the patients who suffered
from it. Overall discontinuation rates caused by adverse
events were 5% for the placebo group and 9% to 15% for
the duloxetine groups corresponding to dose.

Confirmatory results were seen in a phase-3, double-
blind, randomized, placebo-controlled study of 683 North
American women (between the ages of 22 and 84 years)
with SUI [54]. This study had similar inclusion criteria to
that of the study by Norton et al. [53•], except that patients
were required to have seven or more SUI episodes weekly,
could be older than 65 years of age, and may have under-
gone prior anti-incontinence surgery. Women were random-
ized to receive placebo or duloxetine 40 mg twice daily (80
mg/d) for 12 weeks. At the completion of the study, patients
on duloxetine had a median absolute decrease in IEF of
seven episodes per week, compared with a decrease of three
episodes per week for patients taking placebo (P < 0.001).
Fifty-one percent of the patients taking duloxetine experi-
enced at least a 50% decrease in IEF compared with 34% of
those on placebo. Duloxetine also was associated with sig-
nificant improvements in I-QOL scores (+11 vs +6.8 with
placebo), PGI-I scores, and prolongation of the voiding
interval compared with placebo (+20 vs +2 minutes).
Patients with more severe incontinence (≥ 14 incontinent
episodes/week) were equally responsive to treatment. Signif-
icant treatment effect was seen by 4 weeks after randomiza-
tion (the first assessment visit). Nausea again was the most
common side effect, occurring in 22.7% of patients receiv-
ing duloxetine (compared with 2.1% of those receiving pla-
cebo) and accounted for 6.4% of drug discontinuation.
Overall drug discontinuation rate was significantly higher
for the duloxetine group than the placebo group (24.1% vs
4.1%). Only 69% of the patients who received duloxetine
completed the trial compared with 87% of patients on pla-
cebo, likely because of adverse events. Only 10.5% of the
patients receiving duloxetine reported complete cure (no
incontinence episodes).

Two other concurrent phase-3 trials outside of the
United States have revealed similar results to the US trial.
In a study of 494 European and Canadian women, 52% of
women taking 40 mg of duloxetine twice daily demon-
strated at least a 50% reduction in IEF compared with 34%
of those taking placebo. Discontinuation rates again were
higher in the duloxetine group (22% vs 5%), with nausea
being the major reason for discontinuation [55]. In a
phase-3, randomized study of 458 women on four conti-
nents, duloxetine resulted in significant decreases in IEF
(59% of those in the duloxetine group had at least a 50%
decrease), improvements in quality-of-life scores, and a

17% discontinuation rate, with nausea again being the
most common cause (3.1%) [56].

A more recent study compared the effects of duloxetine
alone, pelvic floor exercise, or combined therapy in 201
women (between the ages of 18 and 75 years) with symp-
toms of SUI. After 12 weeks, duloxetine appeared superior
to pelvic floor exercise alone in reducing IEF (57 vs 35
median percent decrease). Although combined therapy
appeared to be no more effective than duloxetine alone in
reducing IEF, patients who received combined therapy
used fewer pads and were more satisfied, demonstrating a
greater improvement in I-QOL scores [57].

Review of the above data suggests that duloxetine
results in improvement of objective symptoms and quality
of life in approximately 50% of the SUI patients who take
it. Lacking from any of the aforementioned clinical trials
was categorization of the type of SUI (intrinsic sphincter
deficiency, urethral hypermobility, mixed) in the patients
who were observed. It has been suggested that duloxetine
efficacy may depend on adequate intact peripheral nervous
innervation to a functional rhabdosphincter. Both of these
components are known to be predisposed to damage, with
prolonged vaginal labor and age-dependent atrophy. Addi-
tional clinical studies with more rigorous inclusion crite-
ria, such as video urodynamic testing and previous birth
history, perhaps can explain the 50% success rate and fur-
ther pin-point the optimal target patient population.

Duloxetine-associated nausea commonly was observed
and responsible for most of the discontinuation from these
short-term clinical studies. If nausea is to occur, it occurs in
91% of patients by 4 weeks and in most patients within the
first 2 days [54]. Although nausea is mostly transient
(resolves by 1 month in 81% of patients) and tolerable
(mild to moderate in 87% of patients), long-term safety
data are not available. Other side effects included dry
mouth (12%), fatigue (15%), insomnia (14%), constipa-
tion (10%), and somnolence (9%). Duloxetine appears to
have negligible effects on the cardiovascular system. A 1-
year safety study of duloxetine (40 mg twice daily) did not
demonstrate any changes in blood pressure, heart rate, or
electrocardiogram intervals [58].

As a dual reuptake inhibitor of 5-HT and norepineph-
rine, duloxetine is efficacious for the treatment of major
depressive disorder [59]. FDA approval is pending for this
indication and will be marketed by Eli Lilly (Indianapolis,
IN) under the name Cymbalta at doses of 60 to 120 mg
daily. The psychologic effect of duloxetine in non-depressed
SUI patients is poorly understood. Recently, the suicide
death of a 19-year-old woman led to the termination of a
four-continent safety trial of duloxetine. She was identified
as a healthy subject without depression at the pretrial
screening. At the time of her death, the patient was taking
placebo rather than duloxetine during a washout period.
Although there is no reported antidepressant effect of dulox-
etine at the recommended dosage for SUI, this suicide
should raise awareness about the dual indications for this
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drug. Patients who are deemed good candidates for a trial of
duloxetine for treatment of SUI should be screened carefully
for the coexistence of depression. There is some debate as to
whether the abrupt cessation of similar medications such as
selective serotonin reuptake inhibitors may lead to with-
drawal symptoms including anxiety and mood changes.
Patients with SUI identified with depression should be
counseled appropriately when started on this agent.

Conclusions
For the foreseeable future, antimuscarinics will remain the
standard in pharmacotherapy for OAB. To maximize clini-
cal effectiveness, new agents should provide excellent
symptomatic relief of frequency, urgency, urge inconti-
nence, and nocturia while minimizing adverse events that
limit tolerability. The addition of darifenacin, solifenacin,

and trospium to the current armamentarium of drugs will
greatly enhance the choices available to patients and their
physicians. A comparison of the properties, efficacy, and
side-effect profiles of these new agents compared with cur-
rently existing agents can be found in Tables 1 through 3. It
appears that all three of the new agents demonstrate equiv-
alent efficacy in reducing the symptoms of OAB as
extended-release oxybutynin and long-acting tolterodine.
In general, side-effect profiles also are similar to existing
agents. Darifenacin appears to have an increased risk of
constipation. Trospium chloride, with its quaternary struc-
ture, may have a potential advantage in terms of the mini-
mization of CNS effects and reduction of drug-drug
interactions. However, its twice-daily dosing schedule may
counteract these potential advantages by limiting patient
compliance. Unfortunately, none of the new agents have
been able to eliminate the troublesome side effect of

Table 1. Properties of available and upcoming antimuscarinic agents

Oxybutynin Tolterodine Darifenacin Solifenacin Trospium

Muscarinic receptor 
selective? [36•]

M3 > M2 M3 > M2 M3 >> M2 M3 > M2 M3 = M2

Structure Tertiary amine Tertiary amine Tertiary amine Tertiary amine Quaternary amine
Dosing interval (hours) 8(IR), 24(ER), 

72–96(TDS)
12(IR), 24(LA) 24 24 12

Hapatic metabolism? Yes Yes Yes Yes Minimal
Active metabolite Yes Yes No Unknown No

Table 2. Efficacy of available and upcoming antimuscarinic agents

ER Oxybutynin Tolterodine LA
Darifenacin 
(15 mg qd)

Solifenacin 
(10 mg qd)

Trospium 
(20 mg bid)

% Mean reduction in frequency -30% [61] -22% to -25% 
[61,63]

-17% [32•] -20% [23•] -18% [45]

% Mean reduction in IEF/week -75%, 82% [61,62] -46% to -65% 
[61,63]

-77% [32•] -63% [23•] -60% (IEF/24 h) [45]

% Mean increases in voided 
volume, mL

31% [62] 24% [63] 18% [32•] 29% [23•] 21% [45]

% Mean reduction in 
nocturia/week

N/A N/A -23% [24] N/A -22% [45]

Dry 23% to 41% [62,60] 17% [60] N/A 53% [34] 21% [45]

bid—twice daily; IEF—incontinence episode frequency; N/A—not available; qd—every day.

Table 3. Side effects associated with available and upcoming antimuscarinic agents

Oxybutynin [61,62,64] Tolterodine [63]
Darifenacin 

(15 mg) [32•]
Solifenacin 

(10 mg) [23•]
Trospium 

(20 mg bid) [45]

Dry mouth 87% (IR), 28% (10 mg ER), 
10% (TDS)

30% (IR), 23% (LA) 35% 21% 22%

Constipation 31% (IR), 7% (10 mg ER), 
1% (TDS)

7% (IR), 6% (LA) 21% 8% 10%

Headache 4% (ER), 2% (TDS) 4% (IR), 6% (LA) Placebo 6% 7%
Blurred vision 2% (10 mg ER), 0% (TDS) 1% (IR), 1% (LA) Placebo 6% Placebo
Somnolence 40% (IR), 4% (ER), 2% (TDS) Yes Placebo N/A Placebo

bid—twice daily; ER—extended release; IR—immediate release; N/A—not available; LA—long-acting; TDS—transdermal system.
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xerostomia, often a hindrance to patient compliance. Pur-
suit of the ideal antimuscarinic agent hopefully will con-
tinue. In the meantime, head-to-head comparison studies
of these new and currently available agents will help deter-
mine which comes closest to the ideal.

Approval by the FDA will make duloxetine the first
pharmaceutic agent indicated for the treatment of female
SUI. Short-term, phase-3 studies have demonstrated clini-
cal efficacy over placebo; however, success with this agent
falls short of currently available surgical therapy. It is likely
that direct-to-consumer marketing will drive patients to
their physicians asking for “the incontinence pill.”
Whether duloxetine will prove to have sufficient long-term
clinical efficacy to warrant its prolonged use will be deter-
mined by follow-up, placebo-controlled clinical trials.

References and Recommended Reading
Papers of particular interest, published recently, have been 
highlighted as:
• Of importance
•• Of major importance

1. Rovner ES, Wein AJ: Incidence and prevalence of overactive 
bladder. Curr Urol Rep 2002, 3:434–438.

2. Luber KM: The definition, prevalence, and risk factors for 
stress urinary incontinence. Rev Urol 2004, 6(suppl 3):S3–S9.

3. Abrams P, Cardozo L, Fall M, et al.: The standardization of ter-
minology of lower urinary tract function: report from the 
Standardization Sub-committee of the International Conti-
nence Society. Neurourol Urodyn 2002, 21:167–178.

4. Igawa Y: Discussion: functional role of M1,M2, and M3 
muscarinic receptors in overactive bladder. Urology 
2000, 55(suppl 5A):47–49.

5. Napier C, Gupta P: Darifenacin Is Selective for the Human Recom-
binant M3 Receptor Subtype. Heidelberg, Germany: ICS; 2002. 
http://contnet.org. Accessed May 4, 2004.

6. Miyamae K, Masaki Y, Murakami S, et al.: Pharmacological 
effects of darifenacin on human isolated urinary bladder. 
Pharmacology 2003, 69:205–211

7. Chapple CR, Yamanishi T, Chess-Williams R: Muscarinic 
receptor subtypes and management of the overactive bladder. 
Urology 2002, 60:82–88.

8. Stevens L, Chess-Williams R, Chapple CR: Muscarinic receptor 
function in the idiopathic overactive bladder. J Urol 
2004, 171(suppl 4):527a.

9. Eglen RM: Muscarinic receptors and gastrointestinal tract 
smooth muscle function. Life Sci 2001, 68:2573–2578.

10. Watson GE, Culp DJ: Muscarinic cholinergic receptor 
subtypes in rat sublingual glands. Am J Physiol 
1994, 266:C335–C342.

11. Newgreen DT, Anderson DW, Carter AJ, et al.: Darifenacin: a 
novel bladder-selective agent for the treatment of urge incon-
tinence. Neurourol Urodyn 1995, 14:555–557.

12. Moriya H, Takagi Y, Nakanishi T, et al.: Affinity profiles of vari-
ous muscarinic antagonists for cloned human muscarinic 
acetylcholine receptor (mAChR) subtypes and mAChRs in rat 
heart and submandibular gland. Life Sci 1999, 64:2351–2358.

13. Hedge SS, Choppin A, Bonhaus D, et al.: Functional role of M2 
and M3 muscarinic receptors in the urinary bladder of rats in 
vitro and in vivo. Br J Pharmacol 1997, 120:1409–1418.

14. Scarpero HM, Dmochowski RR: Muscarinic receptors: what 
we know. Curr Urol Rep 2003, 4:421–428.

15. Braverman AS, Ruggieri MR, Pontari MA: The M2 muscarinic 
receptor subtype mediates cholinergic bladder contractions 
in patients with neurogenic bladder dysfunction. J Urol 
2001, 165:36.

16. Tong YC, Chin WT, Cheng JT: Alterations in urinary bladder M2-
muscarinic receptor protein and mRNA in 2-week 
streptozotocin-induced diabetic rats. Neurosci Lett 1997, 
277:173–176.

17. Pontari MA, Braverman AS, Ruggieri MR: The M2 muscarinic 
receptor mediates in vitro bladder contractions from patients 
with neurogenic bladder dysfunction. Am J Physiol Regul Integr 
Comp Physiol 2004, 286:R874–R880.

18. Rovner ES, Wein AJ: Update on overactive bladder: pharmaco-
logic approaches on the horizon. Curr Urol Rep 2002, 4:385–390.

19. Kerbusch T, Milligan PA, Karlsson MO: Assessment of the rela-
tive in vivo potency of the hydroxylated metabolite of 
darifenacin in its ability to decrease salivary flow using 
pooled population pharmacokinetic-pharmacodynamic 
data. Br J Clin Pharmacol 2004, 57:170–180.

20. Rosario DJ, Cutinha PE, Chapple CR: The effects of single-dose 
darafenacin on cystometric parameters and salivary flow in 
patients with urge incontinence secondary to detrusor insta-
bility. Eur Urol 1996, 30:240.

21. Rosario DJ, Smith DJ, Radley SC, et al.: Pharmacodynamics of 
anticholinergic agents measured by ambulatory urodynamic 
monitoring: a study of methodology. Neurourol Urodyn 
1999, 18:223–233.

22. Mundy AR, Abrams P, Chapple CR, Neal DE: Darifenacin, the First 
Selective M3 Antagonist for Overactive Bladder: Comparison with Oxy-
butynin on Ambulatory Urodynamic Monitoring and Salivary Flow. 
Seoul, Korea: ICS; 2001. http://contnet.org. Accessed May 4, 2004.

23.• Chapple CR, Rechberger T, Al-Shukri S, et al.: Randomized, 
double-blind, placebo- and tolterodine-controlled trial of the 
once-daily anti-muscarinic agent solifenacin in patients with 
symptomatic overactive bladder. BJU Int 2004, 93:303–310.

The first phase-3 study of an antimuscarinic agent to evaluate urgency 
as a primary efficacy variable in patients with OAB. Patients who 
received solifenacin experienced statistically significant reductions in 
daily urgency episodes relative to placebo.
24. Khullar V: Darafenacin, an M3 selective receptor antagonist, 

reduces the frequency of nocturnal awakening, an important 
symptom of overactive bladder [Abstract 491]. J Urol 2004, 
171(suppl):131.

25. Haab F, Stewart L, Dwyer P: Darafenacin, an M3 selective recep-
tor antagonist, is an effective and well-tolerated once-daily 
treatment for overactive bladder. Eur Urol 2004, 45:420–429.

26. Ikeda K, Kobyashi S, Miyata K, et al.: M3 receptor antagonism 
by the novel antimuscarinic agent solifenacin in the urinary 
bladder and salivary gland. Naunyn Schmiedebergs Arch 
Pharmacol 2002, 366:97–103.

27. Kobayashi S, Ikeda K, Miyata K: Comparison of in vitro selectiv-
ity profiles of solifenacin succinate (YM905) and current anti-
muscarinic drugs in bladder and salivary glands: a Ca2+ 
mobilization study in monkey cells. Life Sci 2004, 74:843–853.

28. Hatanaka T, Ukai M, Ohtake A, et al.: In vitro tissue selectivity 
profile of solifenacin succinate (YM905) for urinary bladder 
over salivary gland in rats and monkeys [Abstract 312]. 
Presented at the International Continence Society Meeting. 
Florence: October 5–9, 2003.

29. Ohtake A, Hatanaka T, Ikeda K, et al.: In vivo bladder selective 
profile of solifenacin succinate (YM905) over salivary gland 
in mice and rats [Abstract 297]. Presented at the International 
Continence Society Meeting. Florence: October 5–9, 2003.

30. Smulders RA, van Alphen W, Visser J, et al.: Multiple dosing 
with YM905, a novel, bladder-selective antimuscarinic, in 
healthy men: safety, tolerability, and pharmacokinetics 
[Abstract 439]. Presented at the International Continence Society 
Meeting. Heidelberg, Germany: August 28–30, 2002.

31. Chapple CR, Arano P, Bosch JH, et al.: Solifenacin appears 
effective and well tolerated in patients with symptomatic 
idiopathic detrusor overactivity in a placebo- and 
tolterodine-controlled phase-2 dose-finding study. BJU Int 
2004, 93:71–77.



Preview of New Drugs for Overactive Bladder and Incontinence  •  Kershen and Hsieh 367
32.• Chapple CR: Darifenacin is well tolerated and provides sig-
nificant improvement in the symptoms of overactive bladder: 
a pooled analysis of phase-3 studies [Abstract 487]. J Urol 
2004, 171(suppl):130.

Results of pooled data are presented from three large multicenter, 
double-blind, placebo-controlled studies assessing the efficacy, safety, 
and tolerability of darifenacin.
33. Gittelman M, Klimberg I, Fincer R, et al.: Two randomized, 

double-blind, placebo-controlled, parallel-group, fixed-dose, 
multicenter studies assess the efficacy and safety of daily oral 
administration of 10mg YM905 versus placebo in male and 
female subjects with overactive bladder [Abstract DP43]. 
J Urol 2003, 169(suppl):349.

34. Kaufman J, Aurora CO, Knapp P: YM905 10mg increases the 
proportion of male and female patients with overactive 
bladder who become continent [Abstract DP49]. J Urol 
2003, 169(suppl):351.

35. Hofner K, Oelke M, Machtens S, Grunewald V: Trospium chlo-
ride: an effective drug in the treatment of overactive bladder 
and detrusor hyper-reflexia. World J Urol, 2001, 19:336–343.

36.• Pak RW, Petrou SP, Staskin DR: Trospium chloride: A quater-
nary amine with unique pharmacologic properties. Curr Urol 
Rep 2003, 4:436–440.

A comprehensive review on the unique properties of 
trospium chloride.
37. Fusgen I, Hauri D: Trospium chloride: an effective option for 

medical treatment of bladder overactivity. Int J Clin Pharmacol 
Ther 2000, 38:223–234.

38. Sand P, Dmochowski R: Trospium chloride improves symp-
toms of overactive bladder within one week [Abstract 370]. 
Presented at the 33rd Annual Congress of the International Conti-
nence Society. Florence, Italy: October 5–9, 2003.

39. Cardozo L, Prescott K, Serdarevic D, Skillem L: Can medication 
prolong warning time? Presented at the 33rd Annual Congress of 
the International Continence Society. Florence, Italy: October 5–9, 
2003. http://contnet.org

40. Alloussi S, Laval KU, Eckert R, et al.: Trospium chloride in 
patients with motor urge syndrome: a double-blind, ran-
domized, multicenter, placebo-controlled study. J Clin Res 
1998, 1:439–451.

41. Stohrer M, Bauer P, Giannetti BM, et al.: Effect of trospium chlo-
ride on urodynamic parameters in patients with detrusor hyper-
reflexia due to spinal cord injuries: a multicenter, placebo-
controlled, double-blind trial. Urol Int 1991, 47:138–143.

42. Madersbacher H, Stohrer M, Richter R, et al.: Trospium chlo-
ride versus oxybutynin: a randomized, double-blind, multi-
center trial in the treatment of detrusor hyper-reflexia. Br J 
Urol 1995, 75:452–456.

43. Halaska M, Ralph G, Wiedemann A, et al.: Controlled, double-
blind, multicenter clinical trial to investigate long-term toler-
ability and efficacy of trospium chloride in patients with 
detrusor instability. World J Urol 2003, 20:392–399.

44. Hofner K, Halaska M, Primus GL, et al.: Tolerability and effi-
cacy of trospium chloride in a long-term treatment (52 
weeks) in patients with urge syndrome: a double-blind, 
controlled, multicenter clinical trial. Neurourol Urodyn 
2000, 19:487–488.

45. 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.

46. Todorova A, Vonderheid-Guth B, Dimpfel W: Effects of toltero-
dine, trospium chloride, and oxybutynin on the central ner-
vous system. J Clin Pharmacol 2001, 41:636–644.

47. Espey MJ, Downie JW, Fine A: Effect of 5-HT receptor and 
adrenoceptor antagonists on micturition in conscious cats. 
Eur J Pharmacol 1992, 221:167–170.

48. Gajewski J, Downie JW, Awad SA: Experimental evidence for a 
central nervous system site of action in the effect of alpha-
adrenergic blockers on the external urinary sphincter. J Urol 
1984, 132:403–409.

49. Rajaofetra N, Passagia JG, Marlier L, et al.: Serotoninergic, 
noradrenergic, and peptidergic innervation of Onuf’s 
nucleus of normal and transected spinal cords of baboons 
(Papio). J Comp Neurol 1992, 318:1–17.

50. Thor KB, Katofiase M: Effects of duloxetine, a combined 
serotonin and norepinephrine reuptake inhibitor, on central 
neuronal control of lower urinary tract function in the 
chlorolose-anesthetized female cat. J Pharmacol Exp Ther 
1995, 274:1014–1024.

51. Sharma A, Goldberg MJ, Cerimele BJ: Pharmacokinetics and 
safety of duloxetine, a dual-serotonin and norepinephrine 
reuptake inhibitor. J Clin Pharmacol 2000, 40:161–167.

52. Lantz RJ, Gillespie TA, Rash TJ, et al.: Metabolism, excretion, 
and pharmacokinetics of duloxetine in healthy human sub-
jects. Drug Metab Dispos 2003, 31:1142–1150.

53.• Norton PA, Zinner NR, Yalcin I, et al.: Duloxetine versus pla-
cebo in the treatment of stress urinary incontinence. Am J 
Obstet Gynecol 2002, 187:40–48.

The first placebo-controlled efficacy trial of duloxetine. Duloxetine 
resulted in statistically significant dose-dependent decreases in 
IEF with corresponding improvements observed in PGI-I and 
I-QOL scores.
54. Dmochowski RR, Miklos JR, Norton PA, et al.: Duloxetine ver-

sus placebo for the treatment of North American women 
with stress urinary incontinence. J Urol 2003, 170:1259–1263.

55. Van Kerrebroeck P, Abrams P, Lange R, et al.: Duloxetine versus 
placebo in the treatment of European and Canadian women 
with stress urinary incontinence. BJOG 2004, 111:249–257.

56. Millard RJ, Moore K, Renchen R, et al.: Duloxetine vs placebo 
in the treatment of stress urinary incontinence: a four-conti-
nent randomized clinical trial. BJU Int 2004, 93:311–318.

57. Weston FL, Elser DM, Lawn O, et al.: Controlled trial of dulox-
etine alone, pelvic floor muscle training alone, combined 
treatment, and no treatment in women with stress urinary 
incontinence [Abstract]. AUA 2004, 1239.

58. Raskin J, Goldstein DJ, Mallinckrodt CH, et al.: Duloxetine in 
the long-term treatment of major depressive disorder. J Clin 
Psychiatry 2004, 64:1237–1244.

59. Schatzberg AF: Efficacy and tolerability of duloxetine, a novel 
dual reuptake inhibitor, in the treatment of major depressive 
disorder. J Clin Psychiatry 2003, 64:30–37.

60. Diokno AC, Appell RA, Sand PK, et al.: Prospective, random-
ized, double-blind study of the efficacy and tolerability of 
the extended-release formulations of oxybutynin and toltero-
dine for overactive bladder: results of the OPERA trial. Mayo 
Clin Proc 2003, 78:687–695.

61. Appell RA, Sand P, Dmochowski R, et al.: Prospective, random-
ized, 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, 76:359–363.

62. Anderson RU, Mobley D, Blank B, et al.: Once daily controlled 
versus immediate-release oxybutynin chloride for urge uri-
nary incontinence. J Urol 1999, 161:1809–1812.

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

64. Dmochowski RR, Davila GW, Zinner NR, et al.: Efficacy and 
safety of transdermal oxybutynin in patients with urge and 
mixed urinary incontinence. J Urol 2002, 168:580–586.


	Preview of New Drugs for Overactive Bladder and Incontinence: Darifenacin, Solifenacin, Trospium,...
	Preview of New Drugs for Overactive Bladder and Incontinence: Darifenacin, Solifenacin, Trospium,...
	Richard
	Richard
	T.
	Kershen,
	MD and
	Mike
	Hsieh,
	BS

	Address
	Address
	Division of Urology,
	Division of Urology,
	University of Vermont School of Medicine,
	1775 Williston Road,
	South Burlington,
	VT
	05403,
	USA.
	E-mail: richard.kershen@vtmednet.org

	Current Urology Reports
	Current Urology Reports
	2004,

	Current Science Inc. ISSN
	Copyright © 2004 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	This year, the US Food and Drug Administration will approve four new drugs indicated for the trea...



	Introduction
	Introduction
	This year will bring the approval of four new drugs designed for the treatment of urinary inconti...

	Overactive Bladder: The Ideal Agent
	Overactive Bladder: The Ideal Agent
	Overactive bladder as defined by the International Continence Society is a symptom complex of uri...
	The primary aim of antimuscarinic therapy for the treatment of OAB is to relieve symptoms by the ...

	New Drugs for Overactive Bladder
	New Drugs for Overactive Bladder
	Darifenacin hydrobromide
	Darifenacin hydrobromide
	Darifenacin’s novelty among the antimuscarinics is its selectivity for the M3 muscarinic receptor [
	Darifenacin is to be marketed in once-daily doses of 7.5 or 15 mg formulated in a controlled-rele...


	Clinical Data
	Clinical Data
	Initial clinical studies on darifenacin were carried out by Rosario
	Chapple
	Khullar [
	In another recently published 12-week, multicenter, double-blind, placebo-controlled study of 561...
	Solifenacin succinate
	Solifenacin succinate
	Solifenacin is a new, non-selective muscarinic antagonist, demonstrated to bind to M1, M2, and M3...
	In a 4-week multicenter, placebo-controlled trial of 225 patients, the 5- and 10-mg doses produce...
	Chapple [
	Gittelman
	Kaufman

	Trospium chloride
	Trospium chloride
	Trospium chloride (TCl) was approved by the FDA for the treatment of OAB in June 2004. It is uniq...


	European Data
	European Data
	Since its introduction in the 1980s, a number of clinical trials and postmarketing surveillance s...
	Trospium chloride also has been tested in the treatment of neurogenic detrusor overactivity. In a...
	Long-term efficacy and tolerability of TCl has been demonstrated in several studies. Halaska

	United States Data
	United States Data
	Zinner
	In terms of adverse events, TCl demonstrated a 22% incidence of dry mouth (vs 6.5% with placebo) ...
	Objective urodynamic data and subjective quality-of-life reports have confirmed the efficacy of T...
	Duloxetine
	Duloxetine
	Upon its final FDA approval, duloxetine is set to become the first drug indicated for the treatme...
	Duloxetine functions as a balanced dual reuptake inhibitor of the neurotransmitters serotonin (5-...
	Phase-I studies have demonstrated that duloxetine is safe and tolerable in healthy subjects [
	Confirmatory results were seen in a phase-3, double- blind, randomized, placebo-controlled study ...
	Two other concurrent phase-3 trials outside of the United States have revealed similar results to...
	A more recent study compared the effects of duloxetine alone, pelvic floor exercise, or combined ...
	Review of the above data suggests that duloxetine results in improvement of objective symptoms an...
	Duloxetine-associated nausea commonly was observed and responsible for most of the discontinuatio...
	<TABLE>
	Table 1.� Properties of available and upcoming antimuscarinic agents
	<TABLE HEADING>
	<TABLE ROW>
	Oxybutynin
	Tolterodine
	Darifenacin
	Solifenacin
	Trospium


	<TABLE BODY>
	<TABLE ROW>
	Muscarinic receptor selective? [36•]
	M3 > M2
	M3 > M2
	M3 >> M2
	M3 > M2
	M3 = M2

	<TABLE ROW>
	Structure
	Tertiary amine
	Tertiary amine
	Tertiary amine
	Tertiary amine
	Quaternary amine

	<TABLE ROW>
	Dosing interval (hours)
	8(IR), 24(ER), 72–96(TDS)
	12(IR), 24(LA)
	24
	24
	12

	<TABLE ROW>
	Hapatic metabolism?
	Yes
	Yes
	Yes
	Yes
	Minimal

	<TABLE ROW>
	Active metabolite
	Yes
	Yes
	No
	Unknown
	No



	<TABLE>
	Table 2.� Efficacy of available and upcoming antimuscarinic agents
	<TABLE HEADING>
	<TABLE ROW>
	ER Oxybutynin
	Tolterodine LA
	Darifenacin (15 mg qd)
	Solifenacin (10 mg qd)
	Trospium (20 mg bid)


	<TABLE BODY>
	<TABLE ROW>
	% Mean reduction in frequency
	-30% [61]
	-22% to -25% [61,63]
	-17% [32•]
	-20% [23•]
	-18% [45]

	<TABLE ROW>
	% Mean reduction in IEF/week
	-75%, 82% [61,62]
	-46% to -65% [61,63]
	-77% [32•]
	-63% [23•]
	-60% (IEF/24 h) [45]

	<TABLE ROW>
	% Mean increases in voided volume, mL
	31% [62]
	24% [63]
	18% [32•]
	29% [23•]
	21% [45]

	<TABLE ROW>
	% Mean reduction in nocturia/week
	N/A
	N/A
	-23% [24]
	N/A
	-22% [45]

	<TABLE ROW>
	Dry
	23% to 41% [62,60]
	17% [60]
	N/A
	53% [34]
	21% [45]


	<TABLE FOOTING>
	<TABLE ROW>
	bid—twice daily; IEF—incontinence episode frequency; N/A—not available; qd—every day.



	<TABLE>
	Table 3.� Side effects associated with available and upcoming antimuscarinic agents
	<TABLE HEADING>
	<TABLE ROW>
	Oxybutynin [61,62,64]
	Tolterodine [63]
	Darifenacin (15 mg) [32•]
	Solifenacin (10 mg) [23•]
	Trospium (20 mg bid) [45]


	<TABLE BODY>
	<TABLE ROW>
	Dry mouth
	87% (IR), 28% (10 mg ER), 10% (TDS)
	30% (IR), 23% (LA)
	35%
	21%
	22%

	<TABLE ROW>
	Constipation
	31% (IR), 7% (10 mg ER), 1% (TDS)
	7% (IR), 6% (LA)
	21%
	8%
	10%

	<TABLE ROW>
	Headache
	4% (ER), 2% (TDS)
	4% (IR), 6% (LA)
	Placebo
	6%
	7%

	<TABLE ROW>
	Blurred vision
	2% (10 mg ER), 0% (TDS)
	1% (IR), 1% (LA)
	Placebo
	6%
	Placebo

	<TABLE ROW>
	Somnolence
	40% (IR), 4% (ER), 2% (TDS)
	Yes
	Placebo
	N/A
	Placebo


	<TABLE FOOTING>
	<TABLE ROW>
	bid—twice daily; ER—extended release; IR—immediate release; N/A—not available; LA—long-acting; TD...



	As a dual reuptake inhibitor of 5-HT and norepinephrine, duloxetine is efficacious for the treatm...


	Conclusions
	Conclusions
	For the foreseeable future, antimuscarinics will remain the standard in pharmacotherapy for OAB. ...
	Approval by the FDA will make duloxetine the first pharmaceutic agent indicated for the treatment...
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