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Abstract: Muscarinic receptor antagonists form the mainstay of pharmacologic therapy for overactive bladder (OAB), a prevalent, 
debilitating, and costly condition. Antimuscarinics differ in their specificity for certain muscarinic receptors, their metabolism, and 
their ability to cross the blood-brain barrier. Trospium chloride is the only antimuscarinic that is a quarternary amine and its positive 
charge prevents the crossing of the blood-brain barrier, thus minimizing CNS side effects. Level I evidence supports the efficacy and 
 tolerability of both the immediate-release and extended-release formulations of trospium. Furthermore, subanalyses of data pooled from 
large randomized, controlled trials support the efficacy is subpopulations such as men, the obese, and the elderly. The adverse event 
profile is favorable, with dry mouth and constipation presenting as the main adverse sequelae. As expected, CNS side effects have been 
rare and cognition does not appear to be impaired in those patients taking multiple medications.
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Introduction
The recent International Urogynecological  Association/
International Continence Society joint report on termi-
nology defined overactive bladder (OAB) as “urgency, 
with or without urge incontinence, usually with fre-
quency and nocturia.”1 The National Overactive Blad-
der Evaluation (NOBLE) study estimated an overall 
OAB prevalence may exceed 16% and, in the U.S. 
alone, these numbers correspond to approximately 
33 million adults with OAB.2 The authors found that 
in relation to chronic health disorders such as diabetes, 
heart disease, and asthma, OAB was only second to 
arthritic symptoms in terms of overall  prevalence.2 The 
impact of OAB on quality of life (QoL) is likewise 
 significant. In subanalyses of the EPIC study, patients 
with lower urinary tract symptoms (LUTS) reported 
significantly greater symptom bother, worse health-
related QoL (HRQoL), higher rates of depression, 
decreased enjoyment of sexual activity, and decreased 
work productivity than other subgroups.3,4  Additionally, 
the prevalence of falls, fractures, and other comorbidi-
ties was significantly higher for patients with OAB 
than for those without OAB.5,6

The economic impact of OAB diagnosis and treat-
ment is enormous. A subanalysis of the NOBLE 
study estimated the total cost of urinary incontinence 
and OAB to be $19.5 billion and $12.6 billion in year 
2000 dollars, respectively.7 As the population is aging 
rapidly, these numbers are only going to increase. 
Owing to the significant prevalence, impact on QoL, 
and cost to society, OAB treatment is in the forefront 
of healthcare today. In addition to behavioral modifi-
cations and pelvic floor physiotherapy, pharmacologic 
therapy in the form of muscarinic receptor antagonists 
is a mainstay of OAB treatment. While all available 
medications in this class share their target of action, 
they differ in receptor specificity, mode of admin-
istration, and side-effect profiles. The objective of 
this review is to review the background behind OAB 
therapy with antimuscarinic medications, with an 
emphasis on trospium chloride. A MEDLINE search 
was performed for articles either written in English 
or ones that could be translated using GOOGLE 
translator. The key words applied to the search were: 
overactive bladder, anticholinergics, and trospium. 
As trospium chloride is a relatively new addition to 
the muscarinic receptor antagonist group in the U.S., 
but there is a significant amount of data from earlier 

European trials, no time-frame was imposed on the 
literature search.

pathophysiology of OAB
Normal physiological adaptations during the storage of 
urine require coordination between the bladder body 
and outlet, which are innervated by three sets of periph-
eral nerves.8 Efferent axons in the sympathetic and 
parasympathetic nerves modulate the contraction and 
relaxation of smooth muscle in the detrusor and bladder 
outlet, while the somatic nervous system controls the 
external urethral sphincter and pelvic floor  musculature. 
Urinary storage is achieved primarily by spinal reflex 
pathways under the control of the brainstem. Increased 
wall tension during bladder filling activates bladder 
afferent nerves, which reflexively activate sympathetic 
outflow to the lower urinary tract from the lumbosacral 
spinal cord.9,10 As a result, the hypogastric nerve causes 
internal sphincter contraction and ganglionic inhibi-
tion, while the pudendal nerve causes contraction of the 
external sphincter and pelvic floor striated musculature. 
The sacral parasympathetic outflow is typically inac-
tive during the storage phase. The end result is detrusor 
inhibition and outlet excitation, resulting in continent, 
low-pressure storage of urine.

Symptoms of OAB such as urgency and urgency 
urinary incontinence (UUI) are frequently associated 
with detrusor overactivity (DO), urodynamic evidence 
of involuntary detrusor contractions during bladder 
filling.1,11 The development of DO is complex and 
likely multifactorial, with hormonal changes, bladder 
outlet obstruction (BOO), aging, ischemia, and con-
comitant neurologic conditions thought to be contrib-
uting factors.12 Historically, DO was thought to result 
from a decreased capacity of the bladder to handle 
increased afferent information or from a decrease in 
tonic inhibition of afferent impulses.13 Bladder con-
tractions often seen during normal bladder filling may 
be suppressed with a voluntary increase in suprapon-
tine inhibition; however, suprapontine inhibition may 
be impaired in conditions such as stroke. As a result, 
involuntary detrusor contractions may be generated 
from low intensity afferent input and at lower blad-
der volumes. The “myogenic theory” postulates that 
conditions such as BOO, neurogenic insult, and nor-
mal aging, may also lead to morphologic changes in 
the detrusor resulting in progressive denervation and 
hypertrophy of the bladder wall.12,14–16
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A novel cascade of peripheral events that may lead 
to DO and OAB is considered by many today to be the 
mechanism of action of antimuscarinic medications.13 
An enhanced reaction to heightened wall tension and 
stretching of the detrusor smooth muscle may lead to 
increased afferent signaling during bladder filling.13 
Additionally, increased afferent activity may result 
from increased urothelial signaling to suburothelial 
nerves, often seen in normal aging and BOO.13 It has 
also been proposed that the amount of acetylcholine 
(Ach) released from the urothelium during bladder 
filling is significantly more than the typical basal Ach 
release.13 The increase in Ach release from neuronal 
and urothelial sources increases the sensitivity of the 
detrusor to neurotransmitters.13 The resultant micro-
motion of the detrusor increases the afferent signal-
ing in the suburothelium and detrusor, leading to the 
sensation of urgency.13

Muscarinic receptors and their  
binding characteristics
Five muscarinic receptor subtypes have been 
identified(M1-M5) and consistent expression of 
M1-M3 and M5 muscarinic receptors has been found 
in the urothelium and lamina propria.17,18 In humans, 
M2 receptors appear to outnumber the M3 recep-
tors which mediate bladder contraction by approxi-
mately four to one.19,20 Muscarinic receptors have 
been found in three locations within the urinary 
 bladder.19  Activation of these receptors in the detrusor 
smooth muscle causes contraction, while activation 
of urothelial receptors causes the release of a factor 
that inhibits detrusor contraction. Finally, activation 
of receptors on parasympathetic and sympathetic 
nerve endings influences neurotransmitter release.19 
Traditionally, it was thought that muscarinic receptor 
antagonists mediated their effects by blocking recep-
tors on the detrusor muscle, thus inhibiting bladder 
contraction due to Ach release from parasympa-
thetic nerves. However, at therapeutic doses, musca-
rinic antagonists do not appear to significantly affect 
bladder contractility.21,22 Furthermore, the density of 
urothelial muscarinic receptors appears to be twice 
that found in the detrusor smooth muscle.23 Thus, it 
is now accepted that muscarinic antagonists increase 
bladder capacity and decrease urgency mainly during 
bladder filling by their action at the urothelial musca-
rinic receptors.13,24

Treatment with muscarinic receptor 
antagonists
Antimuscarinic medications are the mainstay of 
pharmacologic therapy for symptoms associated with 
OAB. The available drugs in this class (oxybutynin, 
tolterodine, solifenacin, darifenacin, trospium, and 
fesoterodine) all block the muscarinic receptor but 
differ in several ways. All of the medications are 
available in extended-release (ER), once-daily oral 
preparations, while oxybutynin, tolterodine, and tro-
spium are available in immediate-release (IR) prepa-
rations which are administered twice or thrice daily. 
Oxybutynin is also available in transdermal patch 
and gel applications, which bypass drug metabolism 
in the liver and may be associated with a lower inci-
dence of adverse events (AEs). Furthermore, solif-
enacin and darifenacin are highly selective for the 
M3 receptor,25,26 as opposed to other medications in 
this class which block both M2 and M3 receptors 
nonselectively.

The efficacy of OAB treatment with antimuscarin-
ics has been documented in several Cochrane system-
atic reviews. In a summary of 61 trials that included 
over 11,000 patients comparing placebo and active 
treatment with several antimuscarinics, the authors 
found that cure or improvement, difference in leak-
age episodes per 24 hours, and difference in the num-
ber of voids in 24 hours were statistically significant 
favoring medication.27 The majority of the trials were 
double-blinded. Another Cochrane database review 
provided evidence that treatment with antimuscarinic 
medications provided more symptomatic improve-
ment than bladder training.28 The combination of anti-
muscarinics and bladder training was also associated 
with more improvement than bladder training alone.

Trospium chloride Ir (20 mg twice or 
thrice daily)
Trospium is currently the only available muscarinic 
receptor antagonist that is a hydrophilic, quaternary 
ammonium compound, which is in contrast to the 
other drugs in this class which are uncharged, lipophilic 
tertiary amines. Owing to its positive charge, trospium 
does not cross the blood-brain barrier which theoreti-
cally reduces the potential of central nervous system 
(CNS) adverse events. The absorption of  trospium IR 
when taken with a heavy meal is reduced and may 
produce area under the plasma  concentration-time 
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curve (AUC) and peak plasma concentration (Cmax) 
values 70%–80% lower than those obtained while 
fasting.29 The relative bioavailability of orally-admin-
istered trospium 15 mg thrice-daily tablet (with con-
comitant food intake) has also been compared with 
oral administration of a 60 mg once-daily formula-
tion (with delayed food intake and concomitant food 
intake).30 Based on the statistical analysis of the AUC 
representing the extent of absorption, the relative 
bioavailability of the IR formulation in comparison 
to the ER formulation was 179% (90% CI: 160%–
200%) with delayed food intake and 196% (90% CI: 
176%–220%) with concomitant food intake. This data 
indicates that higher and more homogeneous mean 
trospium plasma concentrations may be attained with 
the IR formulations, although a lower daily dose is 
taken compared with the ER formulations applied in 
this study.  Trospium is metabolized by ester hydro-
lysis which may limit potential metabolic drug-drug 
interactions that may be observed after administration 
of antimuscarinics metabolized by the cytochrome 
p450 system.31  Furthermore, as the parent compound 
may be largely eliminated unchanged in the urine, it is 
hypothesized that this medication may provide some 
local effects on the urothelium.32

The clinical effects of trospium chloride 20 twice 
daily was initially reported in a meta-analysis of two 
European placebo-controlled, double-blind, multi-
center trials (RCTs).33 In 517 patients randomized 
to placebo or trospium, trospium produced signifi-
cant improvements in maximum cystometric bladder 
capacity (MCC), and urinary volume at first unstable 
detrusor contraction. The patients’ subjective assess-
ment of efficacy likewise significantly favored the 
trospium group. Similar frequencies of AEs were 
reported for trospium (35.7%) and placebo (38.9%).

Trospium IR was originally approved by the U.S. 
FDA in 2004 and the initial outcomes of this drug 
were documented in two U.S., 12-week, placebo-
controlled RCTs.34,35 In both trials, trospium IR twice 
daily significantly decreased the average number of 
daily voids, average urgency severity, urge frequency, 
and UUI episodes, while increasing the average vol-
ume per void. All improvements occurred by the end 
of the first week and all were sustained throughout the 
12-week study.

Several studies have compared the clinical effects 
of trospium to oxybutynin. Amulticenter trial from 

the Czech Republic enrolled and randomized 358 
patients to trospium 20 mg twice daily or oxybutynin 
5 mg twice daily.36 At intervals of up to 52 weeks, 
both drugs were associated with a significant reduc-
tion in micturition frequency and urgency episodes, 
and an increase in the MCC. Trospium was associ-
ated with a better benefit to risk ratio based on the 
higher incidence of anticholinergic AEs seen with 
 oxybutynin. A second study from Germany aimed to 
demonstrate the efficacy and noninferiority of tros-
pium IR to oxybutynin IR in treating UUI.37 This 
active- controlled, parallel-group, multicenter, Phase 
IIIb RCT randomized 1658 patients to trospium 
15 mg thrice-daily (TID) or oxybutynin 2.5 mg TID 
for 12 weeks. Daily doses could be adjusted upward 
after 4 weeks, to 90 mg of trospium (30 mg TID) and 
15 mg of oxybutynin (5 mg TID), respectively, if 
needed. After 4 weeks, daily doses were doubled in 
29.2% of patients in the trospium group and in 23.3% 
of patients in the oxybutynin group. Trospium was 
noninferior to oxybutynin in the reduction in the num-
ber of weekly UUI episodes after 4 and 12 weeks of 
treatment. In the full analysis set, the median change 
was −10.42 with trospium and −10.00 with oxybutynin 
(P , 0.001 for the noninferiority hypothesis). There 
was also no difference between groups regarding the 
observed reductions of daily micturitions and inten-
sity of urgency as well as the increase in micturition 
volume at the end of 12 weeks. Visual analog scale 
(VAS), King’s Health Questionnaire (KHQ), and the 
36-Item Medical Outcomes Study Short-Form Gen-
eral Health Survey (SF-36) scores were improved to 
a similar extent in both treatment groups at the end of 
treatment. Worsening of dry mouth was less common 
in the trospium group than in the oxybutynin group 
after 4 and 12 weeks (46.9% vs. 63.9% and 51.2% 
vs. 64.4%, respectively; both time points, P , 0.001 
between groups). Treatment-emergent adverse events 
(TEAEs) were reported by 22.7% of the trospium 
group and 26.5% of the oxybutynin group, with dry 
mouth the most frequently occurring AE (4.1% of the 
trospium group, 7.7% of the oxybutynin group).

The flexible dosing of anticholinergic medications is 
commonly performed to reach a maximum therapeutic 
effect balanced by the impact of AEs. While this strat-
egy is most commonly employed with oxybutynin,38 
a recent post hoc analysis of the trial by Zellner 
et al provided information  regarding the  efficacy of 
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 flexible dosing of trospium IR.39 Bödeker et al showed 
that dose escalation of either trospium or oxybutynin 
increased the reduction in UUI episodes in the popu-
lation studied. At study end, there were no relevant 
differences between the “dose  adjustment” subgroups 
and the respective “no dose  adjustment” subgroups 
(trospium: P = 0.249;  oxybutynin: P = 0.349). This 
indicates that the total number of UUI episodes was 
indeed more reduced in patients with dose escalation 
by the end of treatment than in patients treated with 
the starting dosage. After dose escalation, worsening 
of dry mouth was higher in both dose adjusted sub-
groups compared to the respective “no dose adjust-
ment”  subgroups (P , 0.001). Worsening of dry 
mouth was lower in the trospium groups than in the 
oxybutynin groups (P , 0.001) and TEAEs were 
increased in the  dose-adjusted  subgroups. The analy-
sis suggested that there were ∼30% of OAB patients in 
the trospium subgroup who might benefit from higher 
doses of medication to achieve therapeutic  success. 
The gains in efficacy, however, must be balanced 
against the increase in AEs.

Trospium chloride Er (60 mg once daily)
In 2007, trospium ER gained U.S. FDA approval. The 
new formulation releases trospium using a capsule 
that contains pellets that dissolve in a time- and pH-
dependent manner, lowering the maximum observed 
Cmax and delivering the drug to maintain therapeutic 
levels over a 24-hour period.40 Cmax may be lower in 
the ER formulation and may result in an improvement 
in the AE profile while maintaining the efficacy of the 
twice-daily IR preparation. The steady-state pharma-
cokinetics of both IR and ER trospium formulations 
were recently characterized in a multidose, random-
ized, open-label, 2-period, 2-arm crossover study in 
24 male and female subjects.41 The authors observed 
a lower mean AUC from 0 to 24 hours (17,360 vs. 
28,590 pg-h/mL; ratio 61%; 90% CI 51%–72%) and 
lower Cmax (1517 vs. 2502 pg/mL; 61%; 90% CI 
49%–75%) for the ER formulation, compared to the 
IR formulation. Additionally, the median time to Cmax 
is later (5.0 vs. 4.5 hours) and T1/2 is longer (35.8 vs. 
27.2 hours) for the ER formulation.

The efficacy of trospium ER has also been evalu-
ated in two large multi-institutional RCTs that included 
a total of 1165 patients.42,43 In both studies, tros-
pium ER resulted in significant  improvements in all 

 primary (daily urinary frequency and UUI  episodes) 
and key secondary (urgency severity, voided vol-
ume, and daily urgency voids) efficacy outcomes at 
weeks 1 through 12. As with previous studies, benefits 
over placebo were apparent within the first week of 
treatment. The relative efficacy and safety of trospium 
IR and ER formulations was also recently reviewed.44 
Trospium ER appears to be as effective as the IR for-
mulation in improving the key outcome parameters 
associated with OAB, but with a lower rate of dry 
mouth, the most common side effect of these agents. In 
comparison to other antimuscarinic agents, trospium 
has comparable efficacy and safety and was associ-
ated with good patient persistence with treatment.

Analyses of pooled data from the two identically-
designed phase III RCTs of trospium ER have yielded 
additional information regarding its efficacy and 
 tolerability in distinct patient subpopulations. The fol-
lowing manuscripts represent post-hoc analyses of the 
pooled data from the aforementioned large phase III 
RCTs. The effects of baseline incontinence disease 
severity on the treatment outcome with trospium ER 
was evaluated in one study.45 Complete continence, 
defined as no UUI episodes on a 3-day bladder diary 
collected at week 12 of treatment, was the efficacy 
parameter under investigation. Baseline UUI levels 
were inversely correlated with the week 12 percent-
age of patients continent (PPC) (P , 0.0001) and 
post-treatment PPCs were higher with trospium than 
with placebo at all degrees of severity. Complete con-
tinence was achieved in 75% of trospium recipients 
with 1.0 UUI episodes/day at baseline and 48% of 
those with .1.0–2.0 UUI episodes/day at baseline.

Chancellor et al evaluated the impact of obesity 
on treatment success with trospium ER.46 After strati-
fying the primary and secondary endpoints of the 
1,165 study subjects by World Health Organization 
(WHO) obesity levels I and II, the authors determined 
that obesity was associated with a more severe base-
line OAB state (P , 0.01). Trospium ER was more 
effective than placebo at reducing the number of daily 
toilet voids and UUI episodes (P , 0.0001) and at 
improving the secondary endpoints (PPC and urgency 
severity, P , 0.0001) for WHO obesity levels I and II. 
Likewise, treatment with trospium ER was associated 
with a significant improvement in HRQoL as assessed 
by the KHQ and the OAB questionnaire (OAB-q) 
at baseline and again at 12 weeks.47  Trospium ER 
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 produced significantly greater  improvements from 
baseline than placebo in seven of nine KHQ domains. 
At week 12, the improvement in mean OAB-q HRQoL 
total score (∼52 at baseline) was significantly greater 
with trospium ER than with placebo (+25.8 vs. +20.7, 
P = 0.0003). Improvements from baseline were seen 
with trospium ER on all eight of the OAB-q symptom 
bother subscales.

Sand et al performed a subgroup analysis of pooled 
data for subjects aged $ 75 years from the two RCTs.48 
The patients continued to a 9-month open-label exten-
sion period during which all subjects received trospium 
ER. A total of 143 subjects who were aged $ 75 years 
(85 trospium ER, 58 placebo; mean age 79 years; 73% 
female) were evaluated. At week 12 of the double-
blind period, trospium ER produced greater improve-
ments from baseline than placebo in primary voiding 
diary parameters (changes from baseline in the mean 
number of daily toilet voids and UUI episodes), OAB 
Patient Global Assessment, and QoL. Efficacy and 
tolerability persisted among subjects receiving open-
label trospium ER for up to one year. A subgroup anal-
ysis was also performed on data from the 176 male 
patients with OAB (trospium ER, 94; placebo, 82) 
who participated in one of the two studies.49 A history 
of benign prostatic hyperplasia (BPH) was recorded 
for 29 trospium ER recipients (30.9%) and 23 placebo 
recipients (28.0%). A total of 19 patients (20.2%) 
receiving trospium ER and 15 (18.3%) receiving pla-
cebo experienced $ 1 TEAE considered at least pos-
sibly related to the study medication. Two trospium 
ER patients (2.1%) developed urinary retention; both 
were aged $ 75 years, and one had a history of BPH. 
Treatment with trospium ER compared with placebo 
resulted in significantly greater decreases from base-
line in the mean number of daily toilet voids (−2.5 vs. 
−1.5; P , 0.05) and UUI episodes (−2.3 vs. −1.4; 
P , 0.05) in men at week 12.

Ginsberg et al examined the effects of trospium ER 
on diurnal and nocturnal OAB symptoms.50 Diurnal 
events were those occurring from arising from bed in 
the morning until retiring in the evening, while noc-
turnal events were those occurring from retiring until 
arising. At Week 12 comparison of trospium ER versus 
placebo, a significantly greater mean reduction from 
baseline in nocturnal voids (−0.8 vs. −0.6; P = 0.006) 
and diurnal voids (−1.9 vs. −1.4; P , 0.0001) was 
noted. At Week 12, the mean  percent reduction 

from baseline with  trospium ER versus  placebo 
in  nocturnal UUI episodes (−60.2% vs. −48.3%; 
P =  0.003) and mean absolute reduction in diurnal 
UUI episodes (−2.0 vs. −1.5; P , 0.0001) was sig-
nificantly greater. Predictors of nocturnal response 
were duration (weeks) and type of therapy (trospium 
ER vs. placebo). Reductions in nocturnal toilet voids 
were accompanied by significant improvements in 
sleep-related QoL domains.

As OAB may be associated with various comor-
bidities and treatment of these may result in mul-
tiple medication use, Sand et al assessed the safety 
and efficacy outcomes with trospium ER in subjects 
with OAB who were taking multiple concomitant 
 medications.51 Predictors of TEAEs were identi-
fied by multivariate logistic regression analysis. 
 Concomitant medications were being taken by 1135 
subjects, and, among subjects taking seven or more 
concomitant medications (N = 427), there was no 
significant difference between trospium ER and pla-
cebo in the proportion of subjects experiencing one 
or more TEAEs (64.5% vs. 58.3%). Logistic regres-
sion analysis indicated that the odds of experiencing 
a TEAE were influenced by concomitant medication 
use, but not by randomization assignment to tro-
spium or to placebo, suggesting that concomitant 
drugs contribute more to TEAEs than trospium ER. 
Compared with subjects taking one to two concomi-
tant medications, the adjusted odds ratio (OR) for 
experiencing any TEAE was 3.39 (95% CI 2.39, 
4.80; P , 0.0001) for subjects taking seven or more 
concomitant medications. The adjusted OR for expe-
riencing any TEAE for subjects randomized to active 
treatment compared with placebo was 1.19 (95% CI 
0.85, 1.67; P = 0.31). Efficacy in subjects taking 
seven or more concomitant medications was similar 
to that in the overall pooled study population.

Finally, results of the open label extension of the two 
trials have become available.52 Following double-blind 
treatment, subjects with OAB could enter the open-
label period, during which they received trospium ER 
once daily for 36 weeks. Of the 1,027 subjects who 
completed double-blind treatment, 944 (92%) contin-
ued into the open-label period (placebo-to- trospium, 
N = 483; trospium-to-trospium, N = 461); 332 (68.7%) 
and 335 (72.7%), respectively, completed the open-
label period. At Week 48, the mean change from base-
line in the number of daily  toilet voids was −3.21 in 
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the placebo-to-trospium group and −3.35 in the 
 trospium-to-trospium group, and the median change 
from baseline in the number of UUI episodes/day 
was −2.33 in both groups. Efficacy was maintained 
relative to Week 12 in trospium-to- trospium subjects, 
while improvement was seen following trospium ini-
tiation in placebo-to-trospium subjects. Improvement 
from baseline was also observed on secondary effi-
cacy parameters at Week 48. As before, dry mouth and 
constipation were the most common TEAEs. Central 
nervous system AEs were rare and did not increase 
with long-term treatment.

Safety of trospium chloride
The safety of trospium IR was evaluated in Phase 
2 and 3 controlled clinical trials in a total of 2975 
patients (1673 trospium, 1056 placebo, and 246 active 
control medications.29 Of this total, 1181 patients par-
ticipated in two, 12-week, Phase 3, U.S., efficacy and 
safety studies and a 9-month open label extension. In 
all  placebo-controlled RCTs combined, the incidence 
of serious AEs was 2.9% among patients receiving 
trospium 20 mg twice daily and 1.5% among patients 
receiving placebo. Of these, 0.2% and 0.3% were 
judged to be at least possible related to treatment with 
trospium or placebo, respectively. TEAEs from the 
combined 12-week, U.S., trials for placebo and tros-
pium, respectively, are: dry mouth (5.8% vs. 20.1%), 
constipation (4.6% vs. 9.6%), upper abdominal pain 
(1.2% vs. 1.5%), dyspepsia (0.3% vs. 1.2%), headache 
(2.0% vs. 4.2%), fatigue (1.4% vs. 1.9%), urinary reten-
tion (0.3% vs. 1.2%), and dry eyes (0.3% vs. 1.2%).

The safety of trospium ER was evaluated in two 
Phase 3 double-blind RCTs encompassing 1165 
patients (578 trospium and 587 placebo).53 There 
were 157 (27.2%) trospium ER patients and 98 
(16.7%) placebo patients who experienced one or 
more TEAEs that were assessed by the investigator as 
at least possibly related to study medication. TEAEs 
from the combined trials for placebo and trospium, 
respectively, are: dry mouth (3.7% vs. 10.7%), consti-
pation (1.5% vs. 8.5%), upper abdominal pain (0.3% 
vs. 1.4%), dyspepsia (0.7% vs. 1.2%), nausea (0.3% 
vs. 1.4%), urinary tract infection (0.9% vs. 1.2%), 
and dry eyes (0.2% vs. 1.6%).

As trospium is hydrophilic and positively-charged, 
it does not cross the blood-brain barrier (BBB). 
 Several studies have provided additional information 

regarding trospium and its relationship to CNS AEs. 
Geyer et al investigated whether trospium may be a 
substrate of P-glycoprotein (P-gp), a transporter of 
many amphiphilic or positively charged drugs.54 The 
authors confirmed the very low ability of trospium 
chloride to penetrate the BBB and demonstrated that, 
in mice, as an additional and biological protective bar-
rier, the P-gp-mediated drug efflux at the BBB highly 
limits the brain penetration of this drug. The authors 
concluded that this mechanism is likely to be at least 
part of the reason for the reduced CNS side effects 
seen with trospium chloride.

In another trial, Staskin et al aimed to determine 
if trospium is assay-detectable in the CNS of older 
adults with OAB and to assess whether deterioration 
of memory occurs in these individuals.55 Twelve cog-
nitively intact older adults ($65–75 years old) with 
OAB were given trospium ER over a 10-day period to 
achieve plasma steady-state levels.  Standardized mem-
ory testing (Hopkins Verbal Learning Test- Revised 
and Brief Visuospatial Memory Test- Revised) was 
performed pre-dose (day 0) and post-dose (day 10). 
Trospium levels in all the cerebrospinal spinal fluid 
CSF samples of all participants were assay unde-
tectable (,40 pg/ml) on day 10 at steady-state peak 
plasma concentration concurrent with measureable 
peak plasma values (Cmax = 925 pg/ml). Repeat mem-
ory testing revealed no significant net drug effect on 
learning or recall.

conclusions
Although trospium chloride has been used in Europe 
and Asia for over 20 years, it is a relatively novel 
addition to the antimuscarinic armamentarium for the 
pharmaceutical treatment of OAB in the U.S. Its quar-
ternary amine structure minimizes CNS side effects 
owing to trospium’s inability to cross the blood-brain 
barrier. Furthermore, as the parent compound is elimi-
nated essentially unchanged in the urine, trospium may 
provide additional benefit due to a local effect on the 
urothelium. The immediate-release formulation has 
been shown to be effective compared to placebo and 
non-inferior to immediate-release oxybutynin. While 
flexible dosing has the potential to decrease the num-
ber of daily voids and UUI episodes, there is a con-
comitant increase in the occurrence of AEs such as dry 
mouth. Level I evidence is now available to support 
the efficacy of extended-release trospium  chloride, 
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and, as expected, the rates of  treatment- related dry 
mouth and constipation exceed those seen with 
 placebo. CNS side effects are rare and memory and 
cognition do not appear to be impaired in the elderly 
treated with trospium ER. Several subanalyses of the 
pooled data from two large RCTs have demonstrated 
the efficacy of trospium ER in subpopulations such as 
men, the elderly, the obese, and those with nocturnal 
and diurnal symptoms. Finally, open label extensions 
have demonstrated continued efficacy and persistence 
with trospium therapy. While we await head-to-head 
crossover studies to provide definitive information 
regarding the comparative efficacy of different anti-
muscarinics, current evidence suggests that trospium 
chloride should be considered as a primary option for 
pharmaceutical treatment of OAB.

Disclosures
Author(s) have provided signed confirmations to the 
publisher of their compliance with all applicable legal 
and ethical obligations in respect to declaration of 
conflicts of interest, funding, authorship and contrib-
utorship, and compliance with ethical requirements 
in respect to treatment of human and animal test 
subjects. If this article contains identifiable human 
subject(s) author(s) were required to supply signed 
patient consent prior to publication. Author(s) have 
confirmed that the published article is unique and not 
under consideration nor published by any other pub-
lication and that they have consent to reproduce any 
copyrighted material. The peer reviewers declared no 
conflicts of interest.

References
1. Abrams P, Andersson KE, Birder L, et al. Members of Committees; Fourth 

International Consultation on Incontinence. Fourth International Consul-
tation on Incontinence Recommendations of the International  Scientific 
Committee: Evaluation and treatment of urinary incontinence,  pelvic 
organ prolapse, and fecal incontinence. Neurourol Urodyn. 2010;29: 
213–40.

2. Stewart WF, Van Rooyen JB, Cundiff GW, et al. Prevalence and burden of 
overactive bladder in the United States. World J Urol. 2003;20:327–36.

3. Koyne KS, Sexton CC, Irwin DE, Kopp ZS, Kelleher CJ, Milsom I. The 
impact of overactive bladder, incontinence and other lower urinary tract 
symptoms on quality of life, work productivity, sexuality and emotional 
well-being in men and women: results from the EPIC study. BJU Int. 
2008;101:1388–95.

4. Sexton CC, Coyne KS, Vats V, Kopp ZS, Irwin DE, Wagner TH. Impact of 
overactive bladder on work productivity in the United States: results from 
EpiLUTS. Am J Manag Care. 2009;15:S98–107.

5. Brown JS, McGhan WF, Chokroverty S. Comorbidities associated with over-
active bladder. Am J Manag Care. 2000;6:S574–9.

 6. Darkow T, Fontes CL, Williamson TE. Costs associated with the 
management of overactive bladder and related comorbidities. Pharmaco-
ther. 2005;25:511–9.

 7. Hu TW, Wagner TH, Bentkover JD, LeBlanc K, Zhou SZ, Hunt T. Costs of 
urinary incontinence and overactive bladder in the United States: a com-
parative study. Urology. 2004;63:461–5.

 8. Morrison J, Birder L, Craggs M, et al. Neural control. In: Abrams P, 
 Cardozo L, Khoury S, Wein A, editors. Incontinence. Jersey: Health 
 Publications, Ltd; 2005:363–422.

 9. de Groat WC, Theobald RJ. Reflex activation of sympathetic pathways to 
vesical smooth muscle and parasympathetic ganglia by electrical stimula-
tion of vesical afferents. J Physiol. 1976;259:223–37.

 10. deGroat WC. Integrative control of the lower urinary tract: preclinical per-
spective. Br J Pharmacol. 2006;147:S25–40.

 11. Ouslander JG. Management of overactive bladder. NEJM. 2004;350: 
786–99.

 12. Andersson KE. Storage and voiding symptoms: pathophysiological aspects. 
Urology. 2003;62:3–10.

 13. Andersson KE. Antimuscarinics for treatment of overactive bladder. Lancet 
Neurol. 2004;3:46–53.

 14. Brading AF. A myogenic basis for the overactive bladder. Urology. 1997; 
50:57–67.

 15. Levin RM, Longhurst PA, Monson FC, Kato K, Wein AJ. Effect of bladder 
outlet obstruction on the morphology, physiology, and pharmacology of the 
bladder. Prostate Suppl. 1990;3:9–26.

 16. Gosling JA, Kung LS, Dixon JS, Horan P, Whitbeck C, Levin RM. 
 Correlation between the structure and function of the rabbit urinary bladder 
following partial outlet obstruction. J Urol. 2000;163:1349–56.

 17. Mansfield KJ, Liu L, Mitchelson FJ, Moore KH, Millard RJ, Burcher E. 
Muscarinic receptor subtypes in human bladder detrusor and mucosa, stud-
ied by radioligand binding and quantitative competitive RT-PCR: changes 
with ageing. Br J Pharmacol. 2005;144:1089–99.

 18. Bschleipfer T, Schukowski K, Weidner W, et al. Expression and distri-
bution of cholinergic receptors in the human urothelium. Life Sci. 2007; 
80:2303–7.

 19. Caulfield MP, Birdsall NJ. International Union of Pharmacology. XVII. 
Classification of muscarinic acetylcholine receptors. Pharmacol Rev. 1998; 
50:279–90.

 20. Chess-Williams R. Muscarinic receptors of the urinary bladder: detrusor, 
urothelial, and prejunctional. Auton Autacoid Pharmacol. 2002;22:133–45.

 21. Andersson KE, Yoshida M. Antimuscarinics and the overactive detrusor— 
Which is the main mechanism of action? Eur Urol. 2003;43:1–5.

 22. Finney SM, Andersson KE, Gillespie JI, Stewart LH. Antimuscarinic drugs 
in detrusor overactivity and the overactive bladder syndrome: motor or sen-
sory actions? BJU Int. 2006;98:503–7.

 23. Hawthorn MH, Chapple CR, Cock M, Chess-Williams R. Urothelium-
 derived inhibitory factor(s) influence detrusor muscle contractility in vitro. 
Br J Pharmacol. 2000;129:416–9.

 24. Morrison J, Steers WD, Brading A, et al. Neurophysiology and neurophar-
macology. In: Abrams P, Khoury S, Wein A, editors. Incontinence: second 
international consultation on incontinence. Plymouth: Plymbridge Distribu-
tors Ltd; 2002:85–161.

 25. Ikeda K, Kobayashi S, Suzuki M, et al. M3 receptor antagonism by the 
novel antimuscarinic agent solifenacin in the urinary bladder and salivary 
gland. Naunyn-Schmiedeberg’s Arch Pharmacol. 2002;366:97–103.

 26. Napier C, Gupta P. Darifenacin is selective for the human recombinant M3 
receptor subtype. Neurourol Urodyn. 2002;21:A445.

 27. Nabi G, Cody JD, Ellis G, Herbison P, Hay-Smith J. Anticholinergic drugs 
versus placebo for overactive bladder syndrome in adults. Cochrane Data-
base Syst Rev. Oct 18, 2006;4:CD003781.

 28. Alhasso AA, McKinlay J, Patrick K, Stewart L. Anticholinergic drugs ver-
sus non-drug active therapies for overactive bladder syndrome in adults. 
Cochrane Database Syst Rev. Oct 18, 2006;4:CD003193.

 29. Sanctura® tablets [package insert]. East Hanover, NJ: Odyssey Pharmaceu-
ticals, Inc., and Lexington, MA: Indevus Pharmaceuticals, Inc. 2004 July.

http://www.la-press.com


publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• Yours!  You retain copyright

http://www.la-press.com

Update on trospium for OAB

Clinical Medicine Insights: Urology 2011:5 9

 30. Sahlmann J, Clasen N, Schwantes U, Rachor D, Neumeister C, Schulz HU. 
Bioavailability of trospium chloride (TC) immediate release (IR) compared 
with an extended release (ER) form under everyday conditions. Eur Urol 
Suppl. 2010;9:620.

 31. Beckmann-Knopp S, Rietbrock S, Weyhenmeyer R, et al. Inhibitory 
effects of trospium chloride on cytochrome P450 enzymes in human liver 
microsomes. Pharmacol Toxicol. 1999;85:299–304.

 32. Kim Y, Yoshimura N, Masuda H, De Miguel F, Chancellor MB. Intravesical 
instillation of human urine after oral administration of trospium, tolterodine and 
oxybutynin in a rat model of detrusor overactivity. BJU Int. 2006;97:400–3.

 33. Frolich G, Bulitta M, Strosser W. Trospium chloride in patients with detru-
sor overactivity: meta-analysis of placebo-controlled, randomized, double-
blind, multi-center clinical trials on the efficacy and safety of 20 mg trospium 
chloride twice daily. Int J Clin Pharmacol Ther. 2002;40:295–303.

 34. Zinner N, Gittelman M, Harris R, Susset J, Kanelos A, Auerbach S. 
 Trospium chloride improves overactive bladder symptoms: a multicenter 
phase III trial. J Urol. 2004;171:2311–5.

 35. Rudy D, Cline K, Harris R, Goldberg K, Dmochowski R. Multicenter phase 
III trial studying trospium chloride in patients with overactive bladder. 
 Urology. 2006;67:275–80.

 36. Halaska M, Ralph G, Wiedemann A, et al. Controlled, double-blind, mul-
ticentre clinical trial to investigate long-term tolerability and efficacy 
of trospium chloride in patients with detrusor instability. World J Urol. 
2003;20:392–9.

 37. Zellner M, Madersbacher H, Palmtag H, Stöhrer M, Bödeker RH. Trospium 
chloride and oxybutynin hydrochloride in a German study of adults with 
urinary urge incontinence: results of a 12-week, multicenter, randomized, 
double-blind, parallel-group, flexible-dose noninferiority trial. Clin Ther. 
2009;31:2519–39.

 38. MacDiarmid SA. Overactive bladder: improving the efficacy of anticholin-
ergics by dose escalation. Curr Urol Rep. 2003;4:446–51.

 39. Bödeker RH, Madersbacher H, Neumeister C, Zellner M. Dose escalation 
improves therapeutic outcome: post hoc analysis of data from a 12-week, 
multicentre, double-blind, parallel-group trial of trospium chloride in 
patients with urinary urge incontinence. BMC Urol. 2010;10:15.

 40. Staskin DR, Rosenberg MT, Sand PK, Zinner NR, Dmochowski RR. 
 Trospium chloride once-daily extended release is effective and well toler-
ated for the treatment of overactive bladder syndrome: an integrated analy-
sis of two randomised, phase III trials. Int J Clin Pract. 2009;63:1715–23.

 41. Silver N, Sandage B, Sabounjian L, Schwiderski U, Shipley J, Harnett M. 
Pharmacokinetics of once-daily trospium chloride 60 mg extended release 
and twice-daily trospium chloride 20 mg in healthy adults. J Clin  Pharmacol. 
2010;50:143–50.

 42. Staskin DR, Sand P, Zinner N, Dmochowski R. Once daily trospium chlo-
ride is effective and well-tolerated for the treatment of overactive bladder: 
results from a phase III trial. J Urol. 2007;178:978–84.

 43. Dmochowski RR, Sand PK, Zinner NR, Staskin DR. Trospium 60 mg 
once daily (QD) for overactive bladder syndrome: results from a placebo-
 controlled interventional study. Urology. 2008;71:449–54.

 44. Chapple C. New once-daily formulation for trospium in overactive bladder. 
Int J Clin Pract. 2010;64:1535–40.

 45. Staskin DR, Cardozo L. Baseline incontinence severity is predictive of the 
percentage of patients continent after receiving once-daily trospium chlo-
ride extended release. Int J Clin Pract. 2009;63:973–6.

 46. Chancellor MB, Oefelein MG, Vasavada S. Obesity is associated with a 
more severe overactive bladder disease state that is effectively treated with 
once-daily administration of trospium chloride extended release. Neurourol 
Urodyn. 2010;29:551–4.

 47. Dmochowski RR, Rosenberg MT, Zinner NR, Staskin DR, Sand PK. 
Extended-release trospium chloride improves quality of life in overactive 
bladder. Value Health. 2010;13:251–7.

 48. Sand PK, Johnson Ii TM, Rovner ES, Ellsworth PI, Oefelein MG, 
Staskin DR. Trospium chloride once-daily extended release is efficacious 
and tolerated in elderly subjects (aged $75 years) with overactive bladder 
syndrome. BJU Int. 2011;107:612–20.

 49. MacDiarmid SA, Ellsworth PI, Ginsberg DA, Oefelein MG, Sussman DO. 
Safety and efficacy of once-daily trospium chloride extended-release in 
male patients with overactive bladder. Urology. 2011;77:24–9.

 50. Ginsberg DA, Oefelein MG, Ellsworth PI. Once-daily administration of 
trospium chloride extended release provides 24-hr coverage of nocturnal 
and diurnal symptoms of overactive bladder: an integrated analysis of two 
phase III trials. Neurourol Urodyn. 2011;30:563–7.

 51. Sand PK, Rovner ES, Watanabe JH, Oefelein MG. Once-daily trospium 
chloride 60 mg extended release in subjects with overactive bladder syn-
drome who use multiple concomitant medications: Post hoc analysis of 
pooled data from two randomized, placebo-controlled trials. Drugs Aging. 
2011;28:151–60.

 52. Zinner NR, Dmochowski RR, Staskin DR, Siami PF, Sand PK,  Oefelein MG. 
Once-daily trospium chloride 60 mg extended-release provides effective, 
long-term relief of overactive bladder syndrome symptoms. Neurourol 
 Urodyn. 2011 Apr 1. doi: 10.1002/nau.21000. [Epub ahead of print].

 53. Sanctura XR™ capsules [package insert]. East Brunswick, NJ: Esprit Phar-
maceuticals., and Lexington, MA: Indevus Pharmaceuticals, Inc. 2008 
January.

 54. Geyer J, Gavrilova O, Petzinger E. The role of P-Glycoprotein in limiting 
brain penetration of the peripherally acting anticholinergic overactive blad-
der drug trospium chloride. Drug Metab Dispos. 2009;37:1371–4.

 55. Staskin D, Kay G, Tannenbaum C, et al. Trospium chloride has no effect on 
memory testing and is assay undetectable in the central nervous system of 
older patients with overactive bladder. Int J Clin Pract. 2010;64:1294–300.

http://www.la-press.com
http://www.la-press.com

