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Introduction
Pharmacologic therapy, a primary treatment
of urinary urge incontinence and detrusor
overactivity, is also important in the treat-
ment of other urinary disorders including
stress incontinence, nocturnal enuresis and
nocturia, and voiding dysfunction. The pur-
pose of this chapter is to highlight the role
that pharmacotherapy plays in the treatment
of patients with lower urinary tract dysfunc-
tion.

Pharmacologic agents often produce sta-
tistically significant changes in urodynamic
parameters; however, this may not always
translate into clinically significant improve-
ment.1 In most drug trials, a significant pla-
cebo effect is seen. Therefore, when evalu-
ating the efficacy of pharmacologic agents
for the treatment of incontinence and other
urogynecologic disorders, it is important to
rely most heavily on evidence from random-

ized placebo-controlled trials. Other short-
comings of some currently available data,
including small numbers of patients, short
follow-up, variable outcome measures, and
non-generalizable study populations, must
be kept in mind when evaluating the effec-
tiveness of pharmacologic treatment of uro-
gynecologic conditions.

Estrogen
Given that many women first notice urinary
incontinence in their 40s and 50s, there has
been considerable interest in exploring the
link between estrogen depletion related to
menopause and urinary symptoms. There is
ample biologic plausibility for such a link.
In the embryo, the female urinary and geni-
tal systems develop from a common uro-
genital sinus. The urethra, bladder, trigone,
and pubococcygeus muscle are richly sup-
plied with estradiol receptors. Clinical stud-
ies have found that estrogen positively influ-
ences surrogate outcomes that are thought
important in improving urinary symptoms.
For example, estrogen improves the matura-
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tion index in the vagina and urethra, and
raises the sensory threshold of the bladder
during urodynamic investigations. In addi-
tion, estrogen affects collagen synthesis and
degradation, and stimulates blood supply to
the urethra. Further, several early uncon-
trolled studies found that estrogen improved
bladder symptoms including leakage, noctu-
ria, urgency, and frequency.2

However, the early promise of estrogen’s
therapeutic impact on the lower urinary tract
has not been borne out by randomized, pla-
cebo-controlled trials. In a randomized
double-blind placebo-controlled study of 83
hypoestrogenic women with either stress or
urge incontinence, Fantl and colleagues
found no differences in either objective or
subjective treatment outcomes after cyclic
estrogen replacement (conjugated equine
estrogens and medroxyprogesterone in a cy-
clic fashion) versus placebo.3 After 3
months, there were no differences between
the groups with regard to the number of in-
continence episodes, volume of urine loss,
standardized quality of life outcomes, or the
patient’s perception of clinical improve-
ment. Similarly, Jackson and coworkers
found equal improvement in 57 women with
stress or mixed incontinence treated with es-
tradiol valerate versus placebo.4

A large randomized trial of estrogen re-
placement therapy versus placebo in women
with heart disease provided a look at the ef-
fect of estrogen plus progesterone on urinary
incontinence.5 Of 1525 women with incon-
tinence at baseline, the proportion of women
whose incontinence improved after 4 years
of estrogen (21%) was similar to that of
women receiving placebo (26%). However,
significantly more women receiving estro-
gen plus progesterone had worsened incon-
tinence than did women receiving placebo
(39% versus 27%, respectively).

Estrogen given locally, without proges-
terone, may have different effects. To date,
there are no methodologically sound studies
that carefully assess this question.

Of interest, there is emerging evidence
that selective estrogen receptor modulators

(SERMs) may impact pelvic floor dysfunc-
tion in varying ways. In 6,926 women ran-
domly assigned to either raloxifene or pla-
cebo, women receiving the SERM were less
likely to undergo surgery for prolapse dur-
ing the 3-year study period than women re-
ceiving placebo (0.7% versus 1.5%, respec-
tively).6 In contrast, enrollment in an inves-
tigational study of levomeloxifene, a
different type of SERM, was halted after 10
months. In the 2,924 women already en-
rolled, there was a marked increase in the
incidence of urinary incontinence (17% in
the study group, compared with 4% in the
placebo group) and pelvic organ prolapse
(7% versus 2%, respectively).7

Urge Incontinence
Motor innervation to the detrusor is via the
parasympathetic nervous system, whose fi-
bers travel in the pelvic nerve to the bladder
wall. The primary receptors in the bladder
are muscarinic type 2 and type 3 receptors.
Pharmacologic agents that block the para-
sympathetic input to the detrusor have long
been the mainstay of therapy for what is now
called neurogenic and non-neurogenic de-
trusor overactivity (formerly known as de-
trusor instability) and urge urinary inconti-
nence. Unfortunately, because muscarinic
type 2 and type 3 receptors are not located
exclusively in the bladder, antimuscarinic
agents frequently cause side effects, which
may preclude long-term use.

In a comprehensive review of the diagno-
sis and management of detrusor instability,
Wall noted that belladonna was first pro-
posed in 1936 as an agent to control urgency
and frequency.8 Atropine was the first anti-
cholinergic medication introduced, but be-
cause of its potency, severe side effects oc-
curred, which led to the development of syn-
thetic quaternary ammonium analogs.

Oxybutynin chloride is a tertiary amine
that has multiple effects, including antispas-
modic, local anesthetic, anticholinergic, and
antihistaminic characteristics.8 When taken
by mouth, oxybutynin is rapidly absorbed
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and metabolized. In several randomized
controlled trials of middle-aged patients,
immediate-release oxybutynin was superior
to placebo, reducing incontinence frequency
by 15% to 56% over placebo rates.9 Im-
mediate-release oxybutynin continues to be
one of the most widely prescribed anticho-
linergic medications for the treatment of
urge incontinence in the United States.
While side effects with this medication
are common, dangerous or irreversible side
effects are not. In a review of 192 patients
prescribed oxybutynin, 76% of patients
noted side effects.10 The most common side
effect was dry mouth, but dysphagia (diffi-
culty in swallowing), stomach ulcers,
blurred vision, diarrhea, constipation, ab-
dominal distension, nausea, headache, diz-
ziness, and drowsiness were also reported.
Twenty-three percent of patients had side ef-
fects so unpleasant that they stopped taking
the drug.

Some evidence suggests that oxybutynin
may be less effective in elderly patients. In
a short-term study, 24 incontinent, elderly,
institutionalized patients with detrusor in-
stability were randomly assigned in a
double-blind fashion to placebo or oxybu-
tynin, 5 mg per day.11 This study found no
clinically significant difference between ei-
ther group. Side effects were also approxi-
mately equal between the two groups. A
study that examined the efficacy of immedi-
ate-release oxybutynin in conjunction with
bladder retraining for incontinent nursing
home patients found that bladder retraining
alone reduced the mean percentage of
2-hour checks that were wet from 43% to
32%; however, the addition of either pla-
cebo or oxybutynin did not result in any fur-
ther reduction.12

In an attempt to decrease systemic side
effects of the immediate-release form, oxy-
butynin has been administered as an intra-
vesical agent. However, Kasabian et al
found that half of the patients did not com-
plete the study because of side effects (eg,
dry mouth, flushing, recurring infections),
or because of the inconvenience of catheter-

ization that was required for instillation of
the agent.13 Conversely, in another study
that randomized 52 women with frequency,
nocturia, and urgency to either intravesical
oxybutynin or placebo once daily for 12
days, the bladder was stable on cystometro-
gram in 82% of women that received oxy-
butynin, compared with no women in the
placebo group.14 The women that received
intravesical oxybutynin also had signifi-
cantly fewer episodes of urinary frequency,
both during the day and at night. In this
study, the incidence and severity of side ef-
fects was minimal in patients treated with
oxybutynin.

It is clear that side effects are a limiting
factor in the effectiveness of anticholinergic
medications. Tolterodine, introduced in
1998, is a “bladder selective” agent that
shows a propensity for binding to muscarin-
ic receptors in the bladder over those in the
salivary gland. In women with overactive
bladder, tolterodine was as effective as oxy-
butynin but was better tolerated.15 Toltero-
dine is available in immediate-release and
extended-release formulations. The ex-
tended-release formulation is a once-daily
capsule using a drug delivery system of
soluble microspheres. As the outer layer of
the microsphere dissolves, the drug is
slowly released, resulting in a stable serum
concentration over 24 hours. In a multi-
center, double-blind, randomized, placebo-
controlled trial in which extended-release
tolterodine was compared with immediate-
release tolterodine and placebo, there was
71% median reduction in urge incontinent
episodes with the extended-release formula-
tion, compared with 60% reduction with
tolterodine immediate-release and 33% re-
duction with placebo.16 The incidence of dry
mouth in this study was 23% for the ex-
tended-release formulation and 30% for the
immediate-release.

An extended-release formulation of oxy-
butynin has been developed utilizing a
unique osmotic delivery system. The
OROS™ System (ALZA Corp., Mountain
View, CA) consists of a semi-permeable
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membrane enclosing a two-layer core. One
layer contains oxybutynin chloride and the
other, an osmotically active agent. As water
from the gastrointestinal tract enters the cap-
sule, the oxybutynin is hydrated to form a
suspension. At the same time, the osmotic
agent is also hydrated, and as it expands, it
pushes the oxybutynin out of the capsule at a
controlled rate through a tiny, laser-drilled
orifice in the capsule membrane.17 This
time-release formulation results in more of
the oxybutynin released in the distal small
intestine and colon. In a multicenter ran-
domized study,18 378 patients were ran-
domly assigned to receive either extended-
release oxybutynin 10 mg per day or imme-
diate-release tolterodine 4 mg per day in 2
doses. In the patients on extended-release
oxybutynin, the weekly number of urge in-
continent episodes decreased from 25.6 to
6.1 episodes, whereas on immediate-release
tolterodine, the number decreased from 24.1
to 7.8 episodes. There were no significant
differences in dry mouth or other side ef-
fects.

Anticholinergic and antimuscarinic
agents are relatively contraindicated in pa-
tients with narrow-angle glaucoma, as these
agents may cause an increase in intraocular
pressure, or in patients with significant car-
diac arrhythmias.8

There has been some interest in using cal-
cium channel blockers to treat detrusor in-
stability. Calcium channel blockers have
had extensive experimental use, but with the
exception of terodiline hydrochloride, not
wide clinical use. Terodiline is a secondary
amine with both anticholinergic and cal-
cium-antagonist properties. It initially
looked like a promising agent for the treat-
ment of detrusor instability and it was ap-
proved for sale in Europe.19 However, be-
fore its release in the United States, it was
found to have a significant incidence of car-
diac side effects, some of which resulted in
death. Terodiline has been withdrawn from
the market.

Other drugs infrequently used for detru-
sor instability include emepronium bromide

and flavoxate chloride. In scant studies, nei-
ther had substantial benefit over placebo.9

Ouslander and Sier conducted a review of
drug trials for the treatment of geriatric in-
continence over a 20-year period between
1965 and 1985.20 These authors found that
most of the studies used emepronium bro-
mide and randomized double-blind placebo-
controlled studies were few. Overall, the
data were decidedly mixed. Three studies
showed no improvement in symptoms when
active drug was used, while in three other
studies, some improvement was seen, albeit
small.

Tricyclic antidepressants, such as imipra-
mine, have multiple effects on the bladder,
which may be beneficial in some patients.
These agents possess variable antimuscarin-
ic and anticholinergic properties, and block
reuptake of amines at central nerve termi-
nals. Imipramine does not have significant
anticholinergic activity on bladder muscle.8

Thus, it appears that imipramine may exert
its effect on the bladder primarily by direct
antispasmodic and local anesthetic activity.
In addition to the previously discussed anti-
cholinergic side effects, tricyclic agents may
also cause sedation, confusion, and drowsi-
ness; therefore, use in older patients may be
limited.

Lepor and Theune conducted a ran-
domized double-blind study to determine
whether terazosin (an alpha-blocker) was
more effective than placebo in treating
women with urinary urgency and fre-
quency.21 There was no difference in the pri-
mary outcome measure, the American Uro-
logic Association symptom score, between
the 2 groups.

Giggle incontinence is most commonly
seen in children and teenagers, although oc-
casionally it may occur in adults. Classi-
cally, it has been thought to be a type of urge
incontinence and therefore has been treated
primarily with anticholinergic medications.
However, Sher and Reinberg observed that
laughter precipitated an alteration of muscle
tone and suggested that giggle incontinence
has a functional relationship to cataplexy
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(abrupt attacks of muscular weakness and
hypotonia triggered by an emotional stimu-
lus such as mirth, anger, fear, or surprise).22

Cataplexy is a component of the narcoleptic
syndrome complex, which sometimes re-
sponds to stimulant medication. These au-
thors found that seven children (mean age
10.9 years) who were treated with methyl-
phenidate reported complete resolution of
their giggle incontinence.

Surprisingly few studies have addressed
how well pharmacologic therapy for urge in-
continence works long-term, outside of
clinical trial settings. In a 5-year follow-up
study of 50 women with detrusor instability,
12% were reported as cured at the time of
follow-up; however, 129 changes in drug
therapy had been made.23 In another study
that used symptom questionnaires, the me-
dium-term efficacy of anticholinergic
therapy (mostly oxybutynin) was evaluated
in 256 women 6 months after initiation.24

Only 18.2% continued drug treatment more

than 6 months, while 5.5% were “cured of
symptoms.”

It is not clear whether this poor treatment
effectiveness is a result of side effects, diffi-
culty adhering to dosing schedules, lack of
follow-up, cost, limited efficacy of the drugs
themselves, or a combination of factors. It is
thought that the newer, longer-acting medi-
cations discussed above may overcome
some of these limitations, given that they are
administered once daily and may be associ-
ated with fewer side effects. Indeed, in a
small prospective cohort of women pre-
scribed tolterodine, 20 of 28 women contin-
ued to take the medication 9 months after
initiating therapy.18 However, a retrospec-
tive analysis of a pharmacy claims database
found less adherence: only 32% of patients
were still obtaining tolterodine refills 6
months after the first prescription.25

Table 1 summarizes commonly used
drugs and dosages used to treat urge incon-
tinence.

TABLE 1. Commonly Used Medications for Urge Incontinence

Drug Generic and Brand Names Oral Dose Range

Oxybutynin
Ditropan1 2.5–5 mg three or four times a day (immediate release)
Ditropan syrup 1 tsp = 5 mg
Ditropan XL2 5, 10 or 15 mg each day (extended release)

Hyoscyamine
Levsin3 0.125–0.25 mg 4 times a day
Levbid, Levsinex 1–2 twice a day
Levsin elixir 1 tsp = 0.125 mg
Levsin/SL sublingual pill
Cystospaz4 0.15–0.3 mg 4 times a day
Cystospaz-M 1 twice a day

Dicyclomine
Bentyl1 20 mg 4 times a day

Propantheline
Pro-Banthine5 15–30 mg 4 times a day

Tolterodine
Detrol 1–2 mg twice a day (immediate-release)
Detrol LA6 4 mg each day (extended-release)

1 Hoeschst Marion Rouseel, Kansas City, MO
2 Alza Corporation, Mountain View, CA
3 Schwartz Pharma, Inc., Milwaukee, WI
4 PolyMedica Pharmaceuticals, Woburn, MA
5 Roberts Pharmaceutical Corp., Eatontown, NJ
6 Pharmacia & Upjohn, Kalamazoo, MI
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Stress Incontinence
Most attempts at the pharmacologic treat-
ment of stress incontinence have aimed to
increase the alpha-adrenergic input to the
urethra. As with other studies of pharmaco-
logic therapy, results tend to be better in
nonrandomized studies than in controlled
trials. To date, pharmacologic therapy for
stress incontinence appears more effective
in women with milder degrees of stress in-
continence. In a double-blind, placebo-
controlled trial, women with mild to moder-
ate stress incontinence treated with phenyl-
propanolamine (50 mg twice a day) had an
increase in maximal urethral closure pres-
sure and a decrease in the number of leaking
episodes, compared with placebo.26 Al-
though the frequency of incontinence epi-
sodes in the treatment group decreased by
50%, no patients became completely conti-
nent. Adverse reactions in this group were
few. However, because of recent reports of
severe side effects including cardiac events,
phenylpropanolamine is no longer marketed
in the United States. While seemingly effec-
tive for mild degrees of stress incontinence,
it is no longer part of our treatment recom-
mendations.

In a small, double-blind, placebo-
controlled crossover trial of norephedrine,
Ek and colleagues found that symptoms of
stress incontinence improved and the maxi-
mal urethral pressure and closure pressure
increased.27 Objective and subjective mea-
sures of improvement correlated well.
While on norephedrine, 2 patients became
completely continent while 12 patients re-
ported reduced leakage. Nine women in the
study reported no difference between medi-
cation and placebo.

Imipramine, discussed above for the
treatment of urge incontinence, has also
been used to treat stress incontinence. Un-
fortunately, prospective randomized con-
trolled trials validating the apparent success
rates of several small uncontrolled series are
not available, and anecdotal clinical experi-

ence suggests that the success rate is signifi-
cantly lower than reported.

Given that estrogen may enhance the sen-
sitivity of alpha-adrenergic receptors in the
bladder neck and urethra, several investiga-
tors have examined the clinical utility of
combined estrogen and alpha-adrenergic
therapy for the treatment of stress inconti-
nence. Most studies of combination therapy
show an improvement in symptoms; how-
ever, objective findings such as increases in
urethral pressure are less consistent. Ahl-
ström and coworkers treated 29 postmeno-
pausal women with stress incontinence in a
prospective trial with either estriol alone or
combination therapy with estriol and phen-
ylpropanolamine.28 Overall, patients on
combination therapy reported an improved
clinical response compared with those on es-
triol alone. The group that received combi-
nation therapy had objective findings of
higher maximum urethral closure pressure
and increased vaginal cellular maturation.
Similarly, Ek et al noted that patients treated
with a combination of norephedrine and es-
tradiol improved significantly more than pa-
tients on single-agent therapy.29 Although in
this trial the urethral closure pressure in-
creased with combination therapy, it did not
increase more than with norephedrine alone,
nor did it increase significantly with estra-
diol alone. Conversely, Beisland and col-
leagues found that in an open, randomized
crossover trial, estriol and phenylpropanol-
amine both acted individually to increase
maximum urethral closure pressure.30 How-
ever, the observed pressure transmission ra-
tio did not change significantly. The find-
ings reported in the previously mentioned
studies generally note that combination
therapy with estrogen and alpha-adrenergic
agents provide symptomatic improvement,
although the physiologic mechanism for this
improvement is less well defined.

While the medications described previ-
ously have not had a major role in the treat-
ment of stress incontinence both because of
limited effect and unacceptable side effects,
new serotonin and norepinephrine reuptake
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inhibitors show promise. A large, random-
ized, placebo-controlled trial assessed the
impact of duloxetine on stress incontinence
in women.31 Five hundred fifty-three
women between the ages of 18 and 65 years
were randomly assigned to placebo or to 3
different doses of duloxetine. After 12
weeks, the median number of incontinent
episodes decreased in all groups, with the
greatest reduction in women taking the high-
est dose, 80 mg per day. In this group, the
median incontinence frequency decreased
by 64%, compared with 41% in women tak-
ing placebo. Five percent of women taking
placebo discontinued treatment, compared
with 15% of those receiving the highest dose
of medication.

This substantial improvement rate noted
in women taking placebo mimics that re-
ported in other randomized trials of drug
therapy. While this is in part due to the pla-
cebo factor itself, it also demonstrates the
therapeutic effect of keeping a voiding di-
ary, in itself an intervention as well as an
outcome measure.

Nocturnal Enuresis
and Nocturia
Medications that treat nocturia and noctur-
nal enuresis generally have one of three
aims: to reduce nighttime urine output, to in-
crease bladder capacity and reduce unstable
bladder contractions, and to act centrally on
sleep and micturition centers.

DDAVP (desmopressin) is an analog of
arginine vasopressin and has been used ex-
tensively to treat children with nocturnal en-
uresis. Some studies suggest that it may also
be useful in adults. DDAVP is available both
as a nasal spray and as an oral preparation.
The dose required when taken orally is ap-
proximately ten times greater because of the
increased bioavailability of the nasal prepa-
ration. Complications associated with the
DDAVP, although rare, include hyponatre-
mia, particularly in patients with excessive
fluid intake. Therefore, it is reasonable in

high-risk patients to measure serum sodium
levels periodically.

In a double-blind, randomized multi-
center study, patients between the ages of 12
and 45 years were given oral DDAVP in
dosages of 200 and 400 µg per day.32 Re-
ported side effects were minimal, occurring
in only four patients, and included dizziness,
edema, mood changes, and headache; there
were no instances of hyponatremia. The au-
thors noted that while some patients had an
initial response to the 200 µg dose, many re-
quired an increase to 400 µg to maintain
their response.

Valiquette et al evaluated the short-term
use of DDAVP in a double-blind crossover
trial of 17 patients with multiple sclerosis.33

Patients maintained nighttime voiding dia-
ries for the duration of the 6-week trial.
DDAVP reduced the percentage of nights
with nocturia from 97% to 66%. The aver-
age number of nocturia episodes decreased
from 2.35 to 1.09 episodes, which resulted
in an increase in maximal uninterrupted
sleep hours from 3.74 to 5.77 hours. How-
ever, four of the seventeen patients stopped
participation after developing hyponatre-
mia.

Few clinical trials specifically investigate
the use of anticholinergic medications to
treat nocturia and nocturnal enuresis. Anec-
dotal experience supports a trial of a long-
acting or extended-release form of an anti-
cholinergic, taken approximately 1 hour be-
fore bedtime.

The most extensively studied medica-
tions for the treatment of nocturnal enuresis
are tricyclic antidepressants, particularly
imipramine. Proposed theories to explain
the mechanism of action of tricyclic agents
are alteration of sleep mechanism, anticho-
linergic effect, antidepressant effect, and ef-
fect on antidiuretic hormone excretion. The
typical starting dose of imipramine is 25 mg
at bedtime, which may be increased to 75
mg. In the elderly, imipramine should be
used cautiously, as it increases the risk of hip
fracture, presumably related to the side ef-
fect of orthostatic hypotension.34
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Hunsballe et al investigated the effect of
imipramine on nocturnal urine output in pa-
tients between the ages of 15 and 37 years
who complained of nocturnal enuresis.35 Pa-
tients with enuresis had less concentrated
urine than controls. In six of fifteen patients,
imipramine exerted a marked antidiuretic
effect, manifested by decreased urine out-
put, reduced urine osmolality, lower excre-
tion of sodium and potassium, and increased
renal tubular reabsorption of urea. Based on
these studies, the authors concluded that
imipramine has a vasopressin-independent
antidiuretic effect, which can be attributed
primarily to increased alpha-adrenergic
stimulation in the proximal renal tubules.

In a randomized, placebo-controlled trial
comparing nighttime doses of placebo and 1
mg of bumetanide (a loop diuretic), bu-
metanide decreased nocturia episodes by
25% compared with placebo.36

Table 2 demonstrates common medica-
tions for nocturia and nocturnal enuresis.

Voiding Dysfunction
Voiding dysfunction in women, albeit rare,
may be caused by obstruction (either post-
operative or secondary to prolapse), im-
paired detrusor contractility, or impaired
urethral sphincter relaxation. Patients with
voiding dysfunction require an in-depth
evaluation before attempting therapy. At-

tempts at treating voiding dysfunction using
pharmacologic therapy have met with in-
consistent results.

Urinary retention is common, both post-
operatively and postpartum. Bladder over-
distention may damage the elastic properties
of the bladder, creating voiding dysfunction.
A number of medications have been used to
treat this problem to decrease the duration of
time that patients require catheterization.
Agents used have included parasympatho-
mimetic agents, which stimulate detrusor
contraction, and alpha-adrenergic blockers,
which decrease urethral resistance.

Tammela compared patients randomly
assigned to receive phenoxybenzamine, car-
bachol, or placebo for postoperative urinary
retention.37 In the group that received phe-
noxybenzamine, only 17% of patients had
persistent retention, compared with 49% in
the carbachol group and 57% in the placebo
group.

Stanton et al reported a minimal decrease
in the time to resumption of spontaneous
voiding following colposuspension in a
group of 40 women treated with phenoxy-
benzamine, intravesical prostaglandin E2,
or bethanechol chloride.38 However, oral di-
azepam, given as a nighttime sedative from
the day before surgery until spontaneous
voiding occurred, was effective in decreas-
ing the time until spontaneous voiding from
12.2 to 10.2 days. Given that most recent
case series of various anti-incontinence sur-
geries report a much shorter duration of dys-
functional voiding without pharmacologic
therapy, the generalizability of this study to
current practice is low.
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