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ABSTRACT
Continued developments in the understanding of lower urinary tract function have led to improvements
in the pharmacologic manipulation of bladder dysfunction. Drug delivery changes have produced drugs
that provide better efficacy and tolerability, thus improving patient compliance. Improvements in drug
delivery systems have altered drug bioavailability and pharmacokinetics. Active current investigation in
new agents and delivery systems for intravesical delivery has yielded intriguing early results that may
substantially add to the armamentarium for the management of the overactive bladder (urgency,
frequency, urge incontinence). New developments in the understanding of the neuropharmacology of
the bladder, peripheral pelvic nerves, and sacral cord may provide agents with entirely new drug
effects, either as primary agents or agents to be used in combination with currently available drugs. We
herein review newer agents and drug delivery systems. UROLOGY 56 (Suppl 6A): 41–49, 2000. © 2000,
Elsevier Science Inc.

The pharmacologic management of the overac-
tive bladder has undergone substantial modi-

fication in the last several years. Increasing interest
in better pharmacologic intervention has been en-
gendered by new estimates of the prevalence of
voiding dysfunction ranging from 5% to 25% of
women between 15 and 60 years of age, and 12% to
38% over the age of 60.1 Improved questionnaire
instruments such as the Bristol Female Lower Uri-
nary Tract Symptoms questionnaire (BFLUTS)2

have increased detection rates in recent cohort
studies. Recent postal survey data from the United
Kingdom using the BFLUTS tool have noted 69%
of women over the age of 18 reporting some degree
of incontinence over the 30 days before survey
completion (61% reported urgency, 46% urge in-
continence).3 Thirty percent of those women

stated that the incontinence had significant social
or hygienic impact for them, consistent with the
International Continence Society definition of in-
continence.4 New oral therapies have now added
substantially to the armamentarium for the man-
agement of overactive bladder. Herein will be dis-
cussed the state of the medical treatment of over-
active bladder. In addition, new drug modalities
that allow alternative forms of delivery will also be
considered.

PHYSIOLOGY OF DRUG EFFECT

The sites of drug effect for management of blad-
der overactivity may include the lower urinary
tract (both smooth muscle and neural receptors),
the peripheral nervous system, and the central ner-
vous system. These drug effects in many cases may
be receptor dependent; however, the significance
of receptor dependency in humans is not as yet as
well established as in some animal models.

The goal of pharmacologic intervention for blad-
der overactivity is to inhibit detrusor muscular
overactivity and thereby increase overall bladder
capacity. A concomitant goal is a reduction of sen-
sory afferent activity related to muscular overactiv-
ity. Acetylcholine is released from postganglionic
parasympathetic nerves, which innervate bladder
smooth muscle cells, and is the predominant stim-
ulus for bladder smooth muscle contraction in hu-
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mans. Cholinergic receptors have been subcatego-
rized into muscarinic and nicotinic types.
Muscarinic receptors are primarily responsible for
neurologically induced excitations of smooth mus-
cle cells. Muscarinic receptor subtypes have been
cloned, and 5 subtypes have been identified. M1
receptors are primarily located in neural tissue,
whereas M2 receptors are located in cardiac and
detrusor smooth muscle. M3 receptors are located
in the detrusor smooth muscle, as well as in sali-
vary and other excretory glands. The M4 receptor
appears to have site selectivity to the cerebral cor-
tex and lung. However, many organs have several
different receptor types, and there appears to be no
predominant type identified in any particular or-
gan.5

Although the M2 receptor is the predominant re-
ceptor subtype in the human body (80%), the M3
receptor is actually responsible for detrusor con-
tractility. In fact, the mechanism by which the M2
receptor regulates relaxation of smooth muscle is
not yet identified.6 However, it has been recently
shown that there is a change in receptor subtype
from M3 to M2 after bladder denervation and spinal
cord injury states, which produces a detrusor hy-
percontractile effect. Similar pathophysiologic
phenomena may be present in the aging detrusor,
as well as the detrusor affected by obstruction. The
M2 and M3 receptors appear to predominantly me-
diate detrusor contraction, with M2 receptors pre-
dominating in a 3:1 ratio. The M3 receptor medi-
ates contraction,7 and the M2 receptor opposes
sympathetically mediated detrusor contraction.5,6

The relative synergy between these 2 receptors and
the effect of urinary bladder pathology on their
relative concentrations is unknown.5,6 Finally,
these receptors may have different subtypes in dif-
ferent organs.5 The M3 receptor also mediates sal-
ivary secretion and bowel activity. The M4 and M5
receptors have been cloned in vitro and have been
most thoroughly described.

The mechanism of action of antimuscarinic
agents used to treat detrusor overactivity parallels
the effect associated with atropine, that of musca-
rinic receptor blockade. Atropine and atropine-
like drugs block muscarinic receptors on bladder
smooth muscle cell and depress or prevent bladder
contractions due to acetylcholine. This is espe-
cially true when given intravenously. In general,
atropine and atropine-like drugs depress bladder
contractility and involuntary bladder contractions
by increasing the total bladder volume at which
time first involuntary detrusor contraction occurs
and this first contraction is often reduced in ampli-
tude. Due to this antimuscarinic effect, significant
depression of detrusor muscular activity occurs;
however, significant side effects arise from this
mechanism of action. The phenomenon known as

atropine resistance results from certain pathologic
states that may induce a change in receptor char-
acter and/or neurotransmitters, so as to create a
state of nonresponsiveness to atropine.

Other neural regulatory mechanisms involved in
bladder muscular contraction may include the pu-
rinergic system, an adenosine triphosphate (ATP)–
mediated system, which in animal systems may
function in close parallel to the cholinergic recep-
tor system. Five receptor subtypes have been iden-
tified, P2X1 through P2X5. The phenomenon of at-
ropine resistance may arise from the purinergic
(ATP) system, which may facilitate bladder con-
tractility, especially in spinal cord injury and other
neuropathic states.

Another neurotransmitter present in the central
nervous system is substance P. Substance P has
been demonstrated to be involved in central ner-
vous system recognition of inflammatory condi-
tions as well as bladder function and hyperalgesia.
The receptor for substance P in the central nervous
system is termed the natural killer (NK)-1 type.
Antagonists of substance P produce inhibition of
micturition in animal models.

Certain local nerve subtypes also play a role in
neural recognition of bladder events. Small unmy-
elinated C-afferent fibers and larger myelinated A
delta fibers are involved in central recognition of
bladder events, with C-fibers remaining quiescent
except in the presence of inflammatory of noxious
stimuli.8 C-fiber activity is prominent in many
neuropathic disorders including multiple sclerosis
and spinal cord injury. Vanilloid receptors (VR1)9

when activated by nociceptive stimuli, activate the
small C-fiber afferents and instigate sensory
threshold recognition of pain or other noxious
stimuli. Selective blockade of the VR1 by vanilloid-
like substances (capsaicin and resiniferatoxin) will
desensitize the vanilloid receptors in a reversible
but long-lasting manner.

For years, the goal of pharmacologic manage-
ment of detrusor muscular and sensory overactiv-
ity has been downregulation of cholinergic neuro-
transmission. However, this has been hampered by
substantial side effects associated with many of the
currently available agents. In addition, low bio-
availability resulting in substantial fluctuations in
plasma concentration affects the overall efficacy
and limits the overall ultimate effect of these agents
in targeted patients.

Current pharmacologic choices for the manage-
ment of detrusor sensory and muscular overactiv-
ity include: anticholinergic agents, musculotropic
relaxants, tricyclic agents, calcium channel block-
ers and a-blockers. Other options include various
intravesical agents that are currently under devel-
opment at this time (Table I).
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RECENTLY APPROVED AGENTS

TOLTERODINE (DETROL)
Tolterodine (Detrol; Pharmacia & Upjohn,

Kalamazoo, Michigan) represented the first new
introduction into the antimuscarinic market in 2
decades. Tolterodine is a muscarinic receptor an-
tagonist with more specificity for the M2 receptor.
This drug also has less M3 receptor activity with a
direct correlate of less dry mouth. Bioavailability
after oral administration is variable, which may re-

flect differences in inter-individual differences in
hepatic metabolism.10 The half-life of tolterodine is
approximately 4 hours. Time to peak therapeutic
effect is 2 hours, and .90% of the drug is protein
bound. The primary metabolic pathway is cyto-
chrome P3A4 and cytochrome P2D6. The role of
any degradation products in the overall safety and
efficacy profile of tolterodine is unknown; how-
ever, the metabolite PNU 20057 has been shown to
have direct detrusor effects.11 This drug may dem-
onstrate some organ selectivity in that it produces

TABLE I. Currently or previously prescribed pharmacologic agents for overactive bladder
Agent Type/Class Dose Comment

Oxybutynin chloride
(Ditropan*)

Tertiary amine/
antimuscarinic

2.5–5 mg tid/qid —M2 M3 receptor agonist
—Smooth muscle relaxant
—Local anesthetic

Propantheline bromide
(Pro-Banthine†)

Quartenary amine 15–30 mg tid —50% reduction in urge
incontinence

—Pure anticholinergic,
significant gut side
effects

Hyoscyamine sulfate
(Levsin‡, Cystospaz§)

Muscle relaxant 0.125 mg qid —Weak anticholinergic
effects, similar to
belladonna alkaloids

Dicyclomine hydrochloride
(Bentyl*)

Muscle relaxant 20 mg tid —Direct smooth muscle
relaxant, with
antimuscarinic activity

—Reported improvement
rates up to 73%

Flavoxate hydrochloride
(Urispas\)

Muscle relaxant 100–200 mg tid/qid —Tertiary amine with very
weak anticholinergic
properties

Imipramine hydrochloride
(Tofranil¶)

Tricyclic
antidepressant

10–50 mg tid —Central and peripheral
effect

—Also sedative and
antihistaminic

—31% cure rate and
2%–77% urge
reduction rate

Doxepin (Sinequan#) Tricyclic
antidepressant

50 mg Same as above

Terodiline Calcium channel
blocker

25 mg bid —Direct smooth muscle
contractility reduction

—Torsade de pointes
arrhythmias

—Withdrawn from market
Pinacidil, ZD6169 Potassium

channel
openers

Variable —Smooth muscle relaxant
—Side-effect profile

complicated by
dizziness and edema

Flurbiprofen,
indomethacin

Prostaglandin
inhibitors

Variable —Anti-inflammatory
—Muscle relaxant

* Watson Laboratories, Corona, California.
† Roxane Laboratories, Columbus, Ohio.
† Schwarz Pharmaceuticals, Milwaukee, Wisconsin.
§ Polymedica, Woburn, Massachusetts.
\ Alza Pharmaceuticals, Mountain View, California.
¶ Novartis, East Hanover, New Jersey.
# Pfizer, New York, New York.
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less xerostomia than immediate-release oxybuty-
nin; however, this may be more reflective of M3
receptor affinity differences between organs than
global receptor effects.12

The standard dose of tolterodine is 1–2 mg twice
daily, although clinical trials have investigated
doses as high as 4 mg twice daily. Higher doses (4
mg) have been reported to be associated with in-
creased rates of urinary retention and dry mouth
rates approaching 56%.13 Rates of side effects were
not noted to be higher in poor or extensive metabo-
lizers of tolterodine, in grouped analysis, suggest-
ing the overall tolerability of the formulation at
lower doses.14 In a pooled analysis,15 evaluating 4
trials over a 12-week study time frame with 1,120
patients included, and in comparison with imme-
diate-release oxybutynin and placebo, there was
reduced dry mouth severity associated with
tolterodine and essentially equal reductions in fre-
quency and incontinence episodes between
tolterodine and immediate-release oxybutynin.
Clearly, as tolterodine levels were increased, better
efficacy was obtained, albeit with a greater side-
effect profile.

Abrams’ demonstrated a 71% reduction in ur-
gency incontinence with immediate-release oxy-
butynin versus tolterodine (47%) versus placebo
(19%).16 It was also shown to reduce urinary fre-
quency by an additional 20% over placebo rates of
39%. (Significant placebo reductions in urinary
frequency in these studies as well as other anticho-
linergic studies can be attributed to the active par-
ticipation of patients in their care with modifica-
tion of volume intake and the resultant effect on
urgency and frequency.) Similar frequency reduc-
tions were obtained with oxybutynin and toltero-
dine in that study. However, substantial benefits
with dry mouth were noted with tolterodine, and
approximately twice the number of patients re-
quired withdrawal from that study because of side
effects related to oxybutynin ingestion. The re-
mainder of the side-effect profile was similar in
type to the other tertiary amines. Central nervous
system side effects such as headache and asthenia
have been reported in clinical trials with this
agent.17–19 Sixty-two percent of patients remain on
therapy at 12 months or more.20

A recent large-scale clinical trial demonstrated
again the efficacy and tolerability of tolterodine in
1,022 patients’ urgency, frequency, and urge in-
continence. Treated patients showed a 46% reduc-
tion in urge incontinence episodes compared with
placebo (P 5 0.0005), with significant improve-
ments noted in frequency (reduced by 15%) and
pad usage (36% reduction), with substantial im-
provement in volume voided per micturition
(21%). No significant difference between treated or
placebo groups was noted for patients withdrawing

due to tolerability concerns, although 40% of pa-
tients perceived substantial benefit from treatment
(compared with 22% for placebo) The only tolera-
bility concern that significantly segregated toltero-
dine from placebo was that 30% of actively treated
patients experienced dry mouth (18% mild sever-
ity) compared with only 8% of placebo-treated pa-
tients.21,22

A new once a day delivery system for tolterodine
has recently been evaluated and will be released in
the first quarter of 2001.

DITROPAN XL
The newest oral addition to the anticholinergic

market is long-acting oxybutynin (Ditropan XL;
Alza Corporation, Mountain View, California).
This drug uses a slow-release technology known as
the oral osmotic (OROS) technology. The OROS
delivery technology osmotically delivers steady-
state serum levels over a 24-hour time frame,
which avoids the peaks and troughs associated
with the intermittent dosing schedules of the im-
mediate-release formulation (zero-order kinet-
ics).23 Plasma levels rise over a 4- to 6-hour period
and then remain steady-state for a 24-hour period
after oral ingestion. Stable plasma concentrations
are achieved by day 3 of continuous ingestion.
Drug metabolism is not affected by dietary intake.

The primary metabolic pathway of oxybutynin
chloride is the cytochrome P3A4 system, and the
half-life of oxybutynin chloride is approximately 3
hours.24 The half-life of the XL formulation is 12 to
13 hours. The primary metabolite of oxybutynin is
N-desethyl oxybutynin.23 Both parent and metab-
olite have antimuscarinic activity; however, the
metabolite is thought to be the primary cause of
adverse effects associated with oxybutynin inges-
tion. After oral ingestion of immediate-release oxy-
butynin, levels of metabolite increase to a level
6-fold higher than the parent compound. Newer
delivery methods have attempted to decrease these
high serum levels of metabolite.

Oxybutynin chloride (immediate release) under-
goes extensive first-pass metabolism in the proxi-
mal gut wall owing to resident cytochrome P3A4 in
that location which degrades a percentage of the
ingested oral dose. This metabolic step limits drug
bioavailability and produces high levels of desethyl-
oxybutynin.25 Bioavailability with the XL formula-
tion is higher, suggesting a reduced first-pass ef-
fect. This reduced first-pass effect occurs due to
decreased absorption in the proximal small gut and
increased absorption in the distal gut and large
bowel.

Pooled clinical studies submitted to the US Food
and Drug Association (FDA) revealed an 83%–90%
reduction in urgency incontinence episodes asso-
ciated with ingestion of this drug.26 In the phase 3
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studies that have been completed, 429 patients
were enrolled with a dropout rate of only 1% due to
dry mouth and a 7% total anticholinergic adverse
event dropout rate. Substantial differences be-
tween rates of dry mouth between patients on im-
mediate release (46%) and sustained release (25%)
were reported by Anderson et al.27 The safety and
efficacy of anticholinergic agents in specific popu-
lations have been recently questioned. Utilization
of anticholinergics in the elderly is substantiated
by the FDA trials of Ditropan XL, which suggests
comparable efficacy rates across all age ranges. In
an open-label study evaluating urge incontinence
patients, equal numbers of patients .65 years old,
as compared with those aged ,65, obtained com-
plete continence (41% versus 46%). In addition,
dry mouth rates were similar (28% in the .65 age
population and 21% in the ,65 age population).
Similar reductions in first reports of dry mouth and
severity of dry mouth were cited by Versi et al. in a
comparison study of 226 patients on either imme-
diate-release oxybutinin chloride or Ditropan
XL.28 Reports of cognitive dysfunction with oxybu-
tynin ingestion (reductions in mini-mental scores
and changes in electroencephalogram activi-
ty)29–31 have not been substantiated within com-
parison groups of patients aged ,64, between 65
and 74, and .75 years of age as rates of non-xero-
stomia–related anticholinergic adverse events
were 5.1%, 7%, and 7.5%, respectively (not statis-
tically significant).32

Phase 3 trials of Ditropan XL indicate better pa-
tient compliance, reduced side effects, and equiva-
lent efficacy to the immediate-release formulation
of oxybutynin. Complete continence rates of the
XL formulation range between 41% and 50%. In
parallel trials with immediate-release oxybutynin,
continence rates ranged between 28% and 40%.
Seventy-five percent of patients on XL formulation
will find either the 5- or 10-mg dosing level effec-
tive.26,27

Historically, only 18% of patients remained on
long-term (.6 months) therapy with immediate-
release oxybutynin chloride. However, recent data
suggest much better compliance with Ditropan XL.
A recent open-label study of 1,069 patients in a
community setting evaluated compliance and tol-
erability over a prolonged period in patients ingest-
ing Ditropan XL. Sixty percent of patients re-
mained on drug at 12 months, at doses of 15 mg or
lower. Sleep disturbance improved from 74% of
patients to 46% after 3 months of therapy. Signifi-
cant reductions were also noted in the inconti-
nence impact questionnaire scores (41%, with 5 of
9 daily activities impacted at baseline decreasing to
15% at 3 months of treatment). Eighty percent of
patients at 6 months reported that medication
worked well or very well, and 88% were pleased or

extremely pleased with therapy. Efficacy was main-
tained throughout the 12-month study period in
the responding patients. The majority of patients
discontinuing therapy did so by 3 months, with
14% ceasing ingestion due to adverse events (5.2%
dry mouth, 5.2% other anticholinergic side ef-
fects). Sixteen percent of patients discontinued
therapy due to adverse events over the 12-month
time frame, with an additional 3.8% stopping ther-
apy due to lack of efficacy. Central nervous system
side effects totaled only 4.5%. The study concluded
that long-term Ditropan XL treatment was well tol-
erated, efficacious, and substantially improved the
quality of life of most patients in the study.33

The OROS delivery system also demonstrated
superior tolerability to conventional oxybutynin in
measured objective effects on salivary output. In a
randomized, blinded cross-over study that com-
pared oxybutynin (immediate release, 5 mg), pla-
cebo, tolterodine (2.0 mg twice daily), and Ditro-
pan XL (10 mg), all active drugs demonstrated
significant reduction in salivary output as com-
pared with placebo. Among the active agents, Dit-
ropan XL demonstrated the least reduction in sal-
ivary output, and overall the changes in salivary
output were similar between Ditropan XL and
tolterodine.34

The OROS delivery system has substantially al-
tered the bioavailability of oxybutynin chloride.
Improved bioavailability has produced superior ef-
ficacy compared with the immediate formulation,
while markedly improving patient tolerability.

ALTERNATIVE ORAL AGENTS IN TRIALS

TROSPIUM CHLORIDE

The quartenary amines in general demonstrate
no central nervous system side effects. Molecular
size and hydrophilicity prevents the distribution of
these compounds to the central nervous system.
However, gastrointestinal side effects substantially
alter the tolerability profile of this class of medica-
tions. Other tolerability issues such as xerostomia,
constipation, and anhydrosis are similar to the ter-
tiary amines. Trospium chloride is a member of
this class and has parallel tolerability issues as well
as demonstrating atropinelike antispasmodic ef-
fects.35 No changes in central nervous system elec-
troencephalographic activity has been noted after
acute ingestion in volunteers.36 It demonstrates a
high affinity for M1 and M3 receptors, with rela-
tively less affinity for the M2 site. Drug binding to
these receptors appears to be prolonged binding as
compared with other anticholinergics.35 Extensive
experience has been accrued in Germany with this
drug, and clinical trials within the United States
will begin soon.
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Trospium is administered 3 times a day, with
doses including 5, 15, and 30 mg. The half-life is
variable, 5 to 21 hours, with the majority of the
drug undergoing renal excretion without molecu-
lar degradation. Only 6% of ingested drug is bio-
available, which parallels levels seen with other
tertiary amines and may be reflective of intestinal
absorption differences with this drug.37–39 In a
study of 2,647 evaluable patients treated for 30
days with trospium, frequency was reduced by
40% and urge symptomatology by 87%. Only 28
adverse events were reported in this population.40

Additionally, trospium is well tolerated with in-
travesical administration and appears to be only
minimally absorbed sytstemically.41 This finding
may indicate a substantial direct musculotropic ef-
fect. This parallels the musculotropic activity seen
with intravesical oxybutynin.41

DARIFENICIN

Another selective antimuscarinic agent in devel-
opment is darifenicin. This drug is an M3-selective
antagonist, with an 11-fold higher affinity for this
receptor compared with the M2 receptor.42,43 In
vitro, it appears to be selective for detrusor recep-
tors, and specifically in canine and rodent models
has clear affinity for bladder over salivary gland.43

However, this selectivity is not as profound in
other mammalian species.43 Currently ongoing
clinical phase 2 trials may better reveal the human
tolerability/efficacy profiles. In a small study of 18
patients treated with 10 mg of darifenicin, im-
provement in urodynamic parameters was seen.44

Other data indicate an improvement in quality-of-
life parameters after acute treatment with darifeni-
cin.44

Clinical trials are either ongoing or contem-
plated for NK-receptor antagonists, specific mus-
carinic subtype agonists/antagonists, and racemic
oxybutynin.

ALTERNATIVE DRUG DELIVERY

New avenues for drug delivery include intravesical,
transdermal, intravaginal, and electromotive (an en-
hancement technique for transepithelial absorption).
The advantage of these alternative delivery pathways
is avoidance of gut absorption and possible interme-
diate metabolism in the intestinal wall before hepatic
metabolism. This concern is greatest for drugs that
are predominantly metabolized by the cytochrome
oxidase system (eg, oxybutynin chloride). Data ob-
tained from metabolism of intravesical administra-
tion of oxybutynin chloride suggest that improved
bioavailability of active parent compound and lower
concentrations of metabolite are associated with this
method of drug delivery, which, in theory, would

also be seen with transdermal and other alternative
delivery modes.45,46

Transdermal delivery is currently being evalu-
ated in FDA trials in the United States (Watson
Pharmaceuticals, Salt Lake City, Utah). Optimal
dosing and type of delivery patch is as yet to be
determined. Intravaginal and electromotive meth-
ods are also being actively investigated. Current
clinical trials are in progress to investigate oxybu-
tynin chloride–impregnated pessary systems for
overall efficacy and tolerability.

Organ-specific gene therapy may provide the
most specific and elaborate delivery vehicle for fu-
ture applications in the management of the overac-
tive bladder. Recent positive results obtained with
the human simplex virus vector, which mediates
expression of the B-nerve growth factor in a rat
model of diabetic cystopathy, may be a harbinger
of the delivery models of the future.47

INTRAVESICAL AGENTS

Intravesical drug delivery has theoretic and real
advantages in patients who cannot tolerate oral an-
ticholinergic agents or in patients who require
higher levels of local drug delivery to achieve ef-
fect. Advantageous effects of intravesical instilla-
tion of atropine, phentolamine, verapamil, lido-
caine, and bupivaciane have been reported in
detrusor dysfunction. Although most studies indi-
cate a substantial improvement in tolerability with
intravesical oxybutynin administration, some
studies have shown similar side-effect profiles as
compared with oral administration this route.48–56

On the basis of what is known about gut metabo-
lism, reduced first pass metabolism through the
gut wall, may explain the lower incidences of side
effects associated with this administration level of
the drug. Standard intravesical formulations of
oxybutynin also demonstrate substantial differ-
ences in effective drug concentration. Recent intra-
vesical delivery systems use a physiologic solution
containing oxybutynin and have shown consistent
drug serum levels, probably reflecting improved
bioavailability. Current technologic development
of a chronic intravesical pump delivery system is
underway (Situs Corporation, San Diego, Califor-
nia) (Figure 1). The reservoir is currently being
used for a 30-day dwell time within the bladder and
requires cystoscopic insertion and removal. Other
types of sustained-release delivery systems use fi-
brinogen-based adhesion with active agents com-
mingled with the fibrinogen adhesive in order to
enhance drug delivery to target areas. This technol-
ogy has to date only been used for intravesical drug
delivery of chemotherapeutic agents but has appli-
cability to other urothelial indications.57

Intravesical delivery of 2 new agents provides a
promising future treatment alternative. Capsaicin
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is derived from the capsicum peppers. It is a va-
nillyl amide and interacts with vanilloid receptors
within the urinary bladder. Capsaicin has been
shown to interact with sensory neurons and, al-
though associated with local irritation with initial
exposure, repeated exposure causes desensitiza-
tion.11,58,59 Resiniferatoxin (RTX), derived from
the cactus relative Euphorabia resinifera, shares a
vanilloid configuration with capsaicin and is an
analog with much higher potency. Both agents
have been used for topical allergic indications.

Capsaicin has shown efficacy in the treatment of
detrusor hyperreflexia related to spinal cord injury
and multiple sclerosis, with improved cystometric
bladder capacity and decreased bladder motor ac-
tivity for up to 9 months after instillation.60,61 Fur-
ther chronic therapy was noted to diminish hyper-
reflexia for up to 5 years after instillation.62 In this
study, 44% of patients obtained complete conti-
nence due to abolition of phasic detrusor activity,
and 36% were substantially improved. Das et al.
also demonstrated substantial improvement in
60% of treated patients.63 In a randomized trial,
mean bladder capacity substantially increased (172
mL to 312 mL), with significant reduction in uri-
nary leakage after capsaicin administration. Side
effects (suprapubic pain and hematuria) were self-
limited and resolved within 1 week after instilla-

tion. Due to a selective activation of sensory C-
fibers, capsaicin has also been used as an agent to
treat bladder pain syndromes and has been re-
ported to be successful for ameliorating pain in 4 of
5 patients with interstitial cystitis for up to 10
weeks after administration.64

RTX is a more potent neural antagonist than cap-
saicin and can be used in much lower concentra-
tions. RTX used at concentrations of 50–100 nM
produced sustained improvement in incontinence
and bladder capacity in 5 of 7 neurologic patients
for up to 3 months.65 Cystometric bladder capacity
increased by 50% to 900% in the improved pa-
tients. Similar effects were seen in 7 patients with
idiopathic detrusor overactivity, with mean im-
provement in bladder capacity increasing from 175
mL to 281 mL for a short period. This effect was
not sustained at 4-week follow-up.66 No side ef-
fects were noted with administration at this con-
centration. In a dose escalation study of 26 patients
with neurologic voiding dysfunction, improve-
ments were noted in incontinence and cystometric
capacity with 8 of 15 incontinent patients noting
dramatic improvement in urinary loss.67 Cysto-
metric capacity was noted to increase by 500% in
some patients. Optimal dosing and method of ad-
ministration for RTX is yet to be determined.

Intravesical delivery allows site-specific drug de-
livery with a reduced side-effect profile as com-
pared with oral delivery systems. The cumbersome
nature of intravesical delivery, however, will limit
the applicability of this approach to patients who
have failed standard therapies.68,69

CONCLUSION

Continued advancements in the elucidation of
physiologic and pathophysiologic lower urinary
tract responses will provide more directed target-
ing of pharmacologic interventions to improve
bladder storage capabilities. Improved delivery
methods will augment therapeutic interventions,
and in some cases the delivery methods may be the
most important component of therapy.

Further understanding of neuroreceptor behav-
ior and interactions will also guide more specific
pharmacologic interventions for bladder overac-
tivity. Results with new, more specific agents are
anxiously anticipated.
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