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Currently, there are no approved medications for the treatment of stress 
urinary incontinence (SUI) in the United States. The effectiveness of duloxe-
tine in the treatment of SUI is linked to its inhibition of presynaptic neuronal
reuptake of serotonin and norepinephrine in the central nervous system, 
resulting in elevated levels of serotonin and norepinephrine in the synaptic
cleft. In animal studies, this agent leads to an increase in nerve stimulation
to the urethral striated sphincter muscle. A similar mechanism in women is
believed to result in stronger urethral contractions, with improved sphincter
tone during urine storage and physical stress. In 3 randomized, placebo-
controlled clinical trials, patients receiving duloxetine had a statistically 
significant and clinically relevant reduction in the number of incontinence
episodes and a corresponding improvement in quality of life. If this use of
duloxetine is approved by the U.S. Food and Drug Administration, as it has
been by the European regulatory agencies, it will be the first drug indicated
for the treatment of SUI. This pharmacologic therapy is an additional
option for women and is likely to become an integral component of patient
management.
[Rev Urol. 2005;7(2):81-86]
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Stress urinary incontinence (SUI) is a major urologic health care issue,
affecting 25 million American women.1 The etiology of SUI is multifacto-
rial, thus treatment is frequently difficult. Many women endure this prob-

lem silently while their quality of life suffers. Currently, surgical therapy is the
mainstay of treatment; however, success rates hover around 82%, and surgery is
often not an option in an elderly population with high morbidity.2 Biofeedback
and behavior modification have also been used, but these conservative therapies
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frequently fail or are unsatisfactory
for patients with severe SUI. Pharma-
cotherapies have been used in the
past, but none were U.S. Food and
Drug Administration (FDA)-approved
or very successful. Duloxetine hy-
drochloride, a selective reuptake
inhibitor of serotonin and norepi-
nephrine, was approved by the regu-
latory agency in the European Union
in the fall of 2004 but has not been
approved in the United States. It has
recently demonstrated promise in
the treatment of SUI in several
phase III clinical studies. The purpose
of this article is to review the most
current literature on duloxetine that
discusses the efficacy and safety of
this drug as a pharmacologic therapy
for women with SUI.

Continence Mechanisms
The anatomic mechanisms that main-
tain urinary continence during eleva-
tion of abdominal pressure include
both passive and active closure of the
urethra. A passive closure mechanism
involves the essentially simultaneous

transmission of intra-abdominal pres-
sure to the urinary bladder and prox-
imal urethra, and this has been con-
sidered to play an important role in
urinary continence (Figure 1).

The external urethral sphincter
(EUS) contracts during closure of the
urethra. The EUS, often referred to as
the rhabdosphincter, can be activated
voluntarily or by reflex mechanisms
elicited by bladder distension. Nerve

tracts from the central nervous sys-
tem terminate at Onuf’s nucleus in
the sacral spinal cord (S2–S4) and
synapse with the pudendal nerve (Fig-
ure 2). Serotonin and norepinephrine
are two key neurotransmitters that
stimulate the proximal end of the pu-
dendal nerve to control the contrac-
tion of the EUS.3 During a sudden
stress on the pelvic floor, such as
coughing, sneezing, or laughing, a
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Figure 2. The pudendal nerve innervation of the external urethral sphincter (rhabdosphincter) is from Onuf’s
nucleus of the sacral spinal cord. Serotonin (5-hydroxytryptamine, 5-HT) and norepinephrine (NE) are the 2 key
neurotransmitters that modulate contraction of the sphincter to help maintain sufficient urethral closure.

Figure 1. (A) Neurocontrol of the lower urinary tract. The sympathetic nerve (SYM) from spinal cord levels T10-L2 innervates the urinary tract via the hypogastric nerve. The
parasympathetic nerve (PSYM) from the S2-S4 levels innervates the bladder via the pelvic nerve. The somatic nerve controlling the rhabdosphincter is innervated by the pu-
dendal nerve from Onuf’s nucleus in the sacral S2-S4 levels of the spinal cord. (B) Anatomy of the lower urinary tract, the nerves that innervate it and key neurotransmitters.
Ach, acetylcholine; NE, norepinephrine; �M3, muscarinic receptor type 3, mainly in the detrusor smooth muscle that contracts the bladder; ��3, �3-adrenergic receptors in
the detrusor smooth muscle that relax the bladder during urine storage; ��1, �1 adrenergic receptors that contract the smooth muscle of the internal sphincter; �N, nicotinic
receptors that contract the external sphincter (rhabdosphincter).
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guarding reflex is elicited.4 The
guarding reflex refers to an increase
in pressure in the middle urethra. The
EUS helps to maintain continence by
contracting to “guard” against the in-
creased bladder pressure to prevent
leakage.

New Research in SUI
A popular classification system for
SUI includes 2 major types: urethral
hypermobility and intrinsic sphincter
deficiency (ISD).5,6 (See Sidebar,
“Challenging the ‘I’ in ISD.”) Urethral
hypermobility is the displacement of
the bladder neck, resulting in a lack
of intra-abdominal pressure transmis-
sion to the proximal urethra. In con-
trast, ISD is characterized by a mal-
function of the urethral sphincter
closure mechanism.

ISD has recently been reported to
be more common than previously
thought in patients with SUI.7 There-
fore, it seems important to further
clarify the active urinary closure
mechanism under stress conditions.

The details of urethral closure mecha-
nisms during stress conditions (eg,
coughing or sneezing) have been stud-
ied in dogs, and the 2 components
(passive and active) of urethral closure
mechanisms were detected.8-10

Our group has recently been in-
volved in the development of a new

animal model of SUI to clarify urinary
continence mechanisms during the el-
evation of intra-abdominal pressure.
The well-studied anatomy of the rat
makes it a useful animal model, and
the arrangement of the smooth and
striated muscles of the urethra in
the female rat is similar to that in
humans.11,12

The experimental data from animal
models suggest that the middle ure-
thra is critical for maintaining conti-
nence. The middle urethral response

to sneezing was more intense than ei-
ther the bladder or proximal urethra
response and involved both active
and passive mechanisms. The active
closure in the middle urethra was not
related to the magnitude of bladder
responses, and therefore the guarding
reflex acts as an “on-off” switch.
Moreover, the middle urethral re-
sponse started before the bladder
response began. Surprisingly, the
response in the proximal urethra was
negligible when corrected for the
bladder response. The increase in
proximal urethral pressure largely
results from passive transmission of
intra-abdominal pressure to the
proximal urethra. The distal urethra
seems to serve a limited role in the
continence mechanism (Figure 1).

These studies highlight the impor-
tance of the pudendal nerve, middle
urethra, and EUS in maintaining con-
tinence. By extension to humans,
basic research suggests that regard-
less of the clinical diagnosis (eg,
urethral hypermobility or ISD), the
middle urethra and EUS could be a
primary focus in the management of
SUI. Treatment options that increase
the pressure in the middle urethra
under stress conditions could be ben-

eficial to patients with either urethral
hypermobility or ISD. Future thera-
pies might include the use of muscle-
derived stem cells as a potential
source of a nonimmunogenic, non-
migratory injectable agent to treat
SUI, not only by bulking but perhaps
also by restoring muscle to the ure-
thral sphincter.13

SUI Pharmacotherapy
Currently, there are no approved
medications for the treatment of

Experimental data from animal models suggest that the middle urethra is
critical for maintaining continence.

Challenging the “I” in ISD
Michael B. Chancellor, MD
Stress urinary incontinence (SUI) is categorized by most experts in the
field as due to either urethral hypermobility or intrinsic sphincter defi-
ciency (ISD). Conventional wisdom accepts urethral hypermobility as a
condition of deficient pelvic floor and ligamental support, whereas ISD is
due to a deficient urethral sphincter mechanism. Women can have both
urethral hypermobility and ISD. However, if urethral hypermobility and
ISD are distinct and separate conditions, then why are the clinical out-
comes reported with collagen injection and suburethral sling operation
often similar for the 2 groups?

The clinical improvement seen with duloxetine in all severity grades of
SUI challenges the “intrinsic” dysfunction in ISD. If ISD is truly intrinsic
to the urethra, then duloxetine, which works at the level of Onuf’s nucleus,
should not work at all. The fact that duloxetine does help some women
with all severities of SUI demonstrates that in women SUI is not always
due to an “intrinsic” dysfunction or hypermobile connective tissue defect.
In fact, the neurocontrol to the urethra and pelvic floor does play an
important role in the pathophysiology of SUI.

In light of the new basic science and the finding that a selective sero-
tonin and norepinephrine reuptake inhibitor can alleviate SUI, I challenge
the “I” in ISD.
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SUI in the United States. Alpha
adrenoceptor agonists, such as
ephedrine, pseudoephedrine, and
phenylpropanolamine, have all been
reported to be effective in SUI, even
though they lack selectivity for ure-
thral � adrenoreceptors. Thus, cardio-
vascular safety is an issue, and con-
cerns over hemorrhagic strokes have
restricted the availability of these
agents in the United States.
Imipramine has been used for the

treatment of SUI, but no randomized
clinical trials supporting its use have
been reported. In recent years, there
has been a push to look for other
drugs that would be both efficacious
and safe. 

Duloxetine is a selective serotonin
and norepinephrine reuptake in-
hibitor. The effectiveness of duloxe-
tine in the treatment of SUI is linked
to its inhibition of presynaptic neu-
ronal reuptake of serotonin and nor-
epinephrine in the central nervous
system (sacral spinal cord), resulting
in elevated levels of serotonin and
norepinephrine in the synaptic cleft.
In animal studies, this agent leads to
an increase in nerve stimulation to
the striated urethral sphincter muscle.
This is manifested by an 8-fold in-
crease in electromyographic activity
of the muscle during the storage
phase of the micturition cycle.14 A
similar mechanism in women is be-
lieved to result in stronger urethral
contractions, with improved sphinc-
ter tone during urine storage and
physical stress. The effect of duloxe-
tine on the striated urethral sphincter
is unique to the dual reuptake inhibi-
tion of serotonin and norepinephrine
in a single molecule and is not dupli-
cated by the administration of 2

separate single reuptake inhibitors
simultaneously.

Phase III Clinical Trials
Three recently published studies eval-
uated the efficacy and safety of du-
loxetine as a pharmacologic therapy
for women with SUI. Dmochowski
and colleagues,15 Van Kerrebroeck
and colleagues,16 and Millard and
colleagues17 have all reported data on
the efficacy and tolerability of dulox-

etine in women from North America,
Western Europe, and various other
countries, respectively. In these ran-
domized, double-blind, placebo-
controlled studies, the investigators
enrolled a total of 1635 adult women
who were randomized to duloxetine
40 mg twice daily (n � 818) or
placebo (n � 817) for 12 weeks. The
studies enrolled subjects according to

a clinical diagnostic algorithm for SUI
based on symptoms and signs, with-
out requiring formal urodynamic
testing before enrollment. The studies
probably reflect the type of patient
who will receive pharmacologic treat-
ment for SUI, thus increasing the
generalizability of the results. The
primary efficacy measures were in-
continence episode frequency (IEF)
as reported in patient-completed,
real-time diaries and a validated
incontinence-specific quality-of-life
questionnaire (I-QOL) score. A sec-
ondary end point was the validated

patient global impression of improve-
ment (PGI-I) rating.

In each of the 3 studies, the dulox-
etine-treated patient group had a 50%
or greater median decrease in IEF. Pa-
tients receiving placebo experienced
27.5%–40% median reductions in IEF.
The difference between duloxetine
and placebo was significant in all 3
studies. In each study, the duloxetine
IEF improvements were reported
within the first 4 weeks of treatment
and were maintained throughout the
trial.

Health-related quality of life was
measured with the I-QOL question-
naire. I-QOL total scores were signif-
icantly improved in the duloxetine-
treated group compared with the
placebo group in 2 of the 3 clinical
trials. To evaluate patients’ general
assessment of improvement during
therapy, women were also asked to
respond to the PGI-I question. Signif-
icantly more women using duloxetine
considered their symptoms of SUI im-
proved (as denoted by “a little better,”
“much better,” or “very much better”

response to the PGI-I) compared with
women using placebo in 2 of the 3
studies. The most commonly reported
side effects included nausea, dry
mouth, difficulty sleeping, tiredness,
constipation, and dizziness. These
were generally reported to be mild to
moderate and usually disappeared
within the first few weeks of treat-
ment. Other side effects were reported
less frequently.

The primary statistical analyses
were performed according to intent-
to-treat (ITT) principles and included
all subjects with a baseline and a

In each study, improvements in incontinence episode frequency with
duloxetine were reported within the first 4 weeks of treatment and were
maintained throughout the trial.

In animal studies, duloxetine leads to an increase in nerve stimulation to the
striated urethral sphincter muscle.
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postbaseline measurement. Some
researchers may not regard this as a
real ITT population, although the
analyses were compliant with the ITT
principle: data were analyzed by the
group to which a subject was assigned
by random allocation, even if the sub-

ject did not take the assigned treat-
ment or otherwise did not follow the
protocol. This issue is of special rele-
vance when observing that the num-
ber of patients lacking at least 1 post-
baseline urinary diary (but not I-QOL
or PGI-I instruments) is consistently

higher in the active treatment group
than in the placebo group in all 3
clinical trials. This was because du-
loxetine patients with early intoler-
ance to the drug did not complete di-
aries and were excluded from the
primary IEF analysis.

Duloxetine and the FDA
Michael B. Chancellor, MD
Duloxetine was approved in August 2004 by the European Union. Duloxetine will be jointly co-promoted through-
out the European Union by Eli Lilly and Company (Lilly) and Boehringer Ingelheim (BI) under the brand name
Yentreve, except in Greece, Italy, and Spain, where it will be marketed under the brand name Yentreve by Lilly and
under the name AriClaim by BI. What about the United States? Following is an excerpt from a press release of
January 28, 2005:

Indianapolis, Ind. and Ridgefield, Conn. Eli Lilly and Company and Boehringer Ingelheim Pharmaceuticals, Inc.
today jointly announced that Lilly has withdrawn from the U.S. FDA’s Division of Reproductive and Urologic
Drug Products its new drug application for duloxetine hydrochloride for the treatment of stress urinary in-
continence (SUI). This decision was based on discussions with the FDA suggesting the agency is not prepared
at this time to grant approval for duloxetine for the treatment of the SUI patient population based on the data
package submitted. The companies will evaluate all options for next steps once they have had time to fully
understand the FDA’s perspective. Ongoing clinical trials for duloxetine SUI will continue. This action does not
affect the marketing status of duloxetine for the indications of depression and diabetic peripheral neuropathic
pain (DPNP) in the U.S. or the SUI and depression indications outside of the U.S. . . . Duloxetine for the treat-
ment of SUI, marketed as Yentreve® and AriClaim® outside of the U.S., has been deemed safe and effective by
regulatory authorities that have granted its approval in 27 countries throughout the world. Duloxetine for the
treatment of major depressive disorder and DPNP has already been approved by the U.S. FDA as a safe and ef-
fective treatment under the brand name Cymbalta®. The European Commission has approved duloxetine under
the trade names of Cymbalta® and Xeristar® for major depressive episodes. Throughout the world, the drug is
approved in 30 countries for major depression.*

A U.S. Food and Drug Administration (FDA)-approved drug for SUI would be welcomed by the public and health
care providers. Pharmacotherapy would thus become available, whereas to date the only options have been pelvic
floor exercise or surgery. For some women, duloxetine can decrease or delay the need for surgery. What are some
potential downsides to duloxetine? For one, selective serotonin and norepinephrine reuptake inhibitors (SSNRIs) are
in the class of drugs used to treat depression, and there are concerns about potential increased suicide risk with SS-
NRIs. The FDA has recently placed a black box warning about the risk of suicide on all antidepressants. This will
further complicate the issue of SSNRI use for SUI.

What should be done in the case of a woman with SUI who is taking antidepressant therapy? Duloxetine, as a
once-daily dosage for the treatment of depression, is sold under the brand name Cymbalta. Will this dual naming
confuse doctors and pharmacists?

It will be interesting to see whether primary care providers will be able to differentiate SUI from overactive blad-
der (OAB) in women who complain of urinary incontinence. What will the health care provider prescribe first for a
woman with mixed stress and urge incontinence, duloxetine or one of the OAB anticholinergic drugs? Moreover,
will a woman with mixed incontinence want or require both duloxetine and an anticholinergic drug?

In summary, duloxetine is a major breakthrough in the treatment of SUI, a disease that affects a large number of
women and adversely affects their quality of life. Yet its future is unclear at this time. Whether the FDA is looking
for more data before it approves duloxetine for SUI (as Yentreve), or issues between the manufacturer and the FDA
are proving difficult to resolve is not known at this time. This will be a fascinating story to follow over the next
year.

*Accessed March 25, 2005, at: http://www.biospace.com/news_story.cfm?StoryID=18844420&full=1. 
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These studies represent an overall
benefit/risk analysis for duloxetine be-
cause they assessed the most obvious
benefit (reduction in incontinence) and
the most important risk (bothersome
adverse events that prevent patients
from continuing use of duloxetine).
This analysis establishes a positive
risk/benefit profile for the drug in the
treatment of women with SUI.

Conclusion
In 3 randomized, placebo-controlled
clinical trials, patients receiving du-
loxetine had a statistically significant
and clinically relevant reduction in
the number of incontinence episodes
and a corresponding improvement in
quality of life. If this use of duloxe-
tine is approved by the FDA (see side-
bar, “Duloxetine and the FDA”), as it
has been by the European regulatory
agencies, it will be the first drug indi-
cated for the treatment of SUI. This
pharmacologic therapy is an addi-
tional option for women and is likely
to become an integral component of
patient management.

Disclosure
Dr. Chancellor discloses that he has been a con-
sultant and an investigator for Eli Lilly and
Company. 
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Main Points
• Surgical therapy is the mainstay of treatment for stress urinary incontinence (SUI); however, success rates hover around 82%, and

surgery is often not an option in elderly patients. Conservative therapies (biofeedback and behavior modification) frequently fail
or are unsatisfactory for patients with severe SUI.

• Results of animal studies highlight the importance of the pudendal nerve, middle urethra, and external urethral sphincter (EUS) in
maintaining continence. By extension to humans, basic research suggests that the middle urethra and EUS could be a primary
focus in the management of SUI.

• The EUS helps to maintain continence by contracting to “guard” against the increased bladder pressure and thus prevent leakage.
Serotonin and norepinephrine are 2 key neurotransmitters that stimulate the proximal end of the pudendal nerve to control the
contraction of the EUS.

• Duloxetine hydrochloride is a selective serotonin and norepinephrine reuptake inhibitor. In animal studies, this agent produces an
increase in nerve stimulation to the striated urethral sphincter muscle.

• In each of 3 randomized, double-blind, placebo-controlled studies, duloxetine-treated patients with SUI had a 50% or greater me-
dian decrease in incontinence episode frequency. Health-related quality-of-life scores were significantly improved with duloxetine
compared with placebo in 2 of the 3 trials.

• If the U.S. Food and Drug Administration approves its use for SUI (as has already been done by European regulatory agencies),
duloxetine will be the first drug indicated for the treatment of SUI in the United States.


