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Objective
To compare the efficacy and safety of the 30 mg extended
release (ER) formulation of propiverine hydrochloride with
the 4 mg ER formulation of tolterodine tartrate in patients
with overactive bladder (OAB) in a non-inferiority trial.

Patients and Methods
Eligible patients, aged 18–75 years and with symptoms of
OAB, were enrolled in this multicentre, randomized, double-
blind, parallel-group, active-controlled study. After a 2-week
screening period, patients were randomized at a 1:1 ratio to
receive either propiverine ER 30 mg or tolterodine ER 4 mg
daily during the 8-week treatment period. Efficacy was
assessed using a 3-day voiding diary and patient’s self-
reported assessment of treatment effect. Safety assessment
included recording of adverse events, laboratory test results,
measurement of post-void residual urine and
electrocardiograms.

Results
A total of 324 patients (244 female and 80 male) were included
in the study. Both active treatments improved the variables
included in the voiding diary and in the patient’s self-reported
assessment. The change from baseline in the number of

voidings per 24 h was significantly greater in the propiverine
ER 30 mg group compared with the tolterodine ER 4 mg group
after 8 weeks of treatment (full analysis set [FAS] �4.6 � 4.1
vs �3.8 � 5.1; P = 0.005). Significant improvements were also
observed for the change of urgency incontinence episodes after
2 weeks (P = 0.026) and 8 weeks (P = 0.028) of treatment
when comparing propiverine ER 30 mg with tolterodine ER 4
mg. Both treatments were well tolerated, with a similar
frequency of adverse drug reactions in both the propiverine ER
30 mg and tolterodine ER 4 mg groups (FAS 40.7 vs 39.5%;
P = 0.8). More patients treated with tolterodine ER 4 mg
discontinued the treatment because of adverse drug reactions
compared with propiverine ER 30 mg (7.4 vs 3.1%).

Conclusions
Propiverine ER 30 mg was confirmed to be an effective and
well-tolerated treatment option for patients with OAB
symptoms. This first head-to-head study showed non-
inferiority of propiverine ER 30 mg compared with
tolterodine ER 4 mg.
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Introduction
Even though the diagnostic approach with regard to bladder
storage symptoms has improved over the past decades and
new treatment options have been developed, overactive

bladder (OAB) is still a disorder that affects the quality of life
of millions of people all over the world. Although prevalence
rates have been overestimated in the past, current studies
suggest a worldwide prevalence rate between 8 and 17% in
adults, with incidence increasing with age [1–9]. The
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prevalence of OAB in a European population-based study was
3.4% for men and 8.7% for women aged at least 40 years,
increasing to 41.9 and 31.3% at the age of 75 years,
respectively [10].

Interestingly, the prevalence rates in China seem to be much
lower [11,12] because the awareness of LUTS and the
potential treatment options in the mainland are not as
widespread there. These data are consistent with the
estimation obtained by a large-scale epidemiological study
from the Chinese Urological Association that assessed OAB
symptoms based on the 2002 Standardization Terminology
from the International Continence Society [13], and indicated
an overall incidence of OAB in the adult population of 6.0%
[11]. In contrast, a recently published population-based
survey of the prevalence of LUTS in adult Chinese women
showed a high prevalence of frequency and urgency of 17.3
and 23.3%, respectively, with a difference between urban and
rural women [14]; urban women experienced significantly
more frequency and urgency episodes (P < 0.001).

These data confirm the necessity to improve the treatment
options for LUTS, especially in the elderly population,
focusing on treatment adherence and tolerability because
concomitant diseases, multiple drug therapies and cognitive
function disorders also increase with age.

Treatment adherence and tolerability can be improved with
medicinal products that have to be applied only once daily
and ensure a more constant drug level. For propiverine, the
bioavailability of the extended release (ER) formulation
compared with the immediate release (IR) formulation is
improved because of a lower rate of biotransformation of the
drug substance in more distal segments of the small intestine
and more constant absorption rates in the colon [15,16]. Two
pharmacokinetic studies with propiverine ER 30 mg were
conducted confirming no food effect [17].

Besides lifestyle modification, behavioural therapies and
bladder training, antimuscarinic drug therapy is still the main
treatment option for OAB. Even though various
antimuscarinics are currently available, therapeutic effect and
tolerability differs individually in the intended population, not

least because of differences in muscarinic receptor selectivity
or in the mode of action. Propiverine differs from other
antimuscarinics because of a dual mode of action, with
additional effects on calcium homeostasis [18–20].
Effectiveness and tolerability of propiverine in the White and
Japanese population has been shown repeatedly [21–27]. In
Japan and Korea, a 20 mg IR formulation that is applied once
daily served as an active comparator in randomized
controlled studies with solifenacin 5 and 10 mg once daily or
0.1 mg imidafenacin twice daily, demonstrating similar
efficacy and tolerability [21,27,28].

A multicentre, randomized, double-blind trial compared the
IR formulation of propiverine (15 mg coated tablets, twice
daily) with tolterodine IR (2 mg tablets, twice daily) in the
treatment of OAB, and reported similar improvements in
bladder function in terms of cystometric variables, overall
quality of life and tolerability [22]. A further placebo- and
active-controlled clinical trial in a white population confirmed
non-inferiority of propiverine ER to the IR formulation and
superiority of both formulations compared with placebo [23].

The present non-inferiority trial was designed to compare the
efficacy and tolerability of propiverine hydrochloride ER 30
mg (henceforth referred to as propiverine ER) with
tolterodine tartrate 4 mg ER (henceforth referred to as
tolterodine ER) in patients with OAB.

Patients and Methods
Male and female patients, aged between 18 and 75 years with
OAB symptoms for at least 3 months, were enrolled in the
present study. The main inclusion criteria at visit 1 covered
urgency episodes with or without urgency incontinence,
increased frequency of at least eight voids per 24 h, and a
mean voided volume per single micturition of <200 mL
within the 3-day voiding diary period before randomization
(Fig. 1). The key exclusion criteria included stress urinary
incontinence, BOO, acute or recurrent UTIs, idiopathic
haematuria and ongoing OAB therapy.

The present randomized multicentre, double-blind, double-
dummy, parallel-group and active-controlled clinical trial was
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Fig. 1 Study design. ER, extended release; p.o., orally.
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conducted between July 2009 and August 2011 in 11 Chinese
hospitals. The study design was approved by the Ethics
Committees of the involved hospitals, and was performed in
compliance with the ethical principles of the Declaration of
Helsinki (2008) and Good Clinical Practice guidelines. Before
entering the study, all patients signed informed consent
forms.

After a 2-week screening period, eligible patients were
randomized at a 1:1 ratio, either to propiverine ER or to
tolterodine ER once daily at visit 2. To maintain the blinding,
all patients received one capsule (propiverine or matching
placebo) and one tablet (tolterodine or matching placebo)
daily.

Efficacy was assessed using the completed 3-day voiding diary
that was filled in during the last 3 days before baseline (visit
2), at the end of treatment week 2 (visit 3), and after 8 weeks
of treatment at visit 6 (Fig. 1).

The primary efficacy endpoint was the change from baseline
in the mean number of voidings per 24 h after 8 weeks of
treatment. To investigate potential multicentre effects between
propiverine ER and tolterodine ER, ANCOVA was performed.
Secondary efficacy endpoints included changes from baseline
in the mean number of urinary incontinence episodes per 24
h and the mean voided volume per single micturition after 2
and 8 weeks of treatment, the mean number of voidings per
24 h after 2 weeks of treatment, and the time of onset of a
therapeutic effect. Additionally, the patient’s self-assessment
of benefit from treatment was assessed every 2 weeks when
the patients visited the study site and received new trial
medication (visits 2–5). The ranking level showed three
groups: no effect, small effect and large treatment effect,
whereas assessment was based on patients’ subjective
perception.

Tolerability was assessed by recording adverse events (visits
3–7) and vital signs (all visits) (Fig. 1). Additionally,
laboratory tests (visits 1, 3 and 6) and 12-lead
electrocardiograms (ECGs) were performed, and post-void
residual urine was measured via abdominal ultrasonography
at screening and end of treatment.

Statistical analyses of efficacy were performed on the full
analysis set (FAS) and per-protocol (PP) population. The FAS
included all patients who met the inclusion criteria, received
at least one dose of the study medication, and whose efficacy
was evaluated at least once. The last-observation-carried-
forward method was applied for missing values. The PP
population comprised all patients who terminated the study
according to study protocol. Patients who took at least one
dose of the study medication were included in the safety
analysis.

To confirm non-inferiority of propiverine ER 30 mg to
tolterodine ER 4 mg, the number of required patients was

calculated with 141 per group (282 in total) using previous
study results with a non-inferiority margin of 1.0 at a
significance level of 0.05 and a power of 80%. The two-
sided 95% CI was defined for the changes at 8 weeks from
baseline in the mean number of voidings per 24 h.
Descriptive analyses of baseline demographic and clinical
characteristics were performed. Numerical variables between
the groups were compared using t-tests and Wilcoxon’s
test. Changes in categorical variables between the two
groups were compared using a chi-squared test and Fisher’s
exact test. Changes in continuous variables and categorical
variables within treatment groups were analysed using
paired t-tests and Wilcoxon’s signed-rank tests. All
statistical tests were two-sided, with a significance level of
0.05. SAS software version 9.2 (SAS Institute Inc., Cary, NC,
USA) was used for statistical calculations.

Results
Subjects

A total of 324 patients (244 women, 80 men, mean age 50
years) with OAB symptoms were enrolled and randomly
allocated in 11 study sites. All 324 patients were included in
the FAS and safety analysis. The treatment groups did not
differ significantly in their demographic or clinical
characteristics at baseline (Table 1).

Altogether, 37 patients were excluded from the PP population
for the reasons shown in Fig. 2; 16 (4.9%) patients were
suspended because of protocol violations and lost to follow-
up and one patient withdrew informed consent. Another 17
(5.2%) patients dropped out as a result of adverse events.
After 2 weeks of treatment, 158 patients were treated with
propiverine ER and 152 patients with tolterodine ER. The PP
population after 8 weeks of treatment consisted of 287
patients (148 in the propiverine ER and 139 in the
tolterodine ER group). The overall discontinuation rate did
not differ significantly between the treatment groups
(P = 0.12).

Efficacy

The efficacy results for the FAS (Table 2) showed that for all
but one the outcomes did not differ between treatment
groups. Furthermore, results were similar for the FAS and PP
population. For the patient’s self-assessment of treatment
effect after 8 weeks, only the FAS population showed a
significantly superior benefit from the propiverine treatment
compared with the tolterodine treatment (P = 0.007);
therefore, hereafter, only the FAS results are presented in
detail.

The mean number of voidings per 24 h significantly
decreased from baseline to the end of treatment in both
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treatment groups (P < 0.001); however, the decrease in
voiding frequency was more pronounced in the propiverine
group (P = 0.005; Fig. 3). To exclude potential multicentre
effects between propiverine ER and tolterodine ER, ANCOVA
was performed, resulting in a mean difference for the number
of voidings per 24 h of �0.55 (95% CI �1.3, 0.2) in favour of
propiverine. The upper limit of the 95% CI in both the FAS
and PP analysis set was lower than the non-inferiority
margin of 1.0; therefore, it has been shown that propiverine
ER 30 mg was non-inferior to tolterodine ER 4 mg (Fig. 4).

Similarity of propiverine ER 30 mg and tolterodine ER 4 mg
was also shown for all secondary endpoints (Table 2). The
number of urge incontinence episodes per 24 h decreased
significantly more in the propiverine group at both control
time points, 2 weeks (P = 0.026) and 8 weeks (P = 0.028).
The onset of drug effect was already seen after only 2 weeks
of treatment (visit 3) for both substances (13.7 days for
propiverine vs 15.4 days for tolterodine; P = 0.484). Further
improvement for all examined endpoints was recorded after
8 weeks of therapy (Table 2).

The patients’ subjective treatment effect was assessed every 2
weeks. For both groups a high early treatment effect after 2
weeks was evident, 71.0% for propiverine ER 30 mg and
68.5% for tolterodine ER 4 mg. Further improvement of the
treatment benefit was reported from another 11.1 and 6.2% of
patients after 4 weeks of treatment, 4.9 and 3.1% after 6
weeks, and 1.9 and 0% after 8 weeks for the two groups,
respectively (Fig. 5); thus, altogether 88.9% of patients treated
with propiverine ER compared with 77.8% treated with

tolterodine ER (P = 0.007) reported a benefit from
antimuscarinic therapy in the patients’ self-assessment after 8
weeks.

Even though more patients in the propiverine ER 30 mg
treatment group reported a benefit from therapy, the
subjective benefit levels assessed as ‘large’ or ‘small’ were
similar in the two groups: 68.1% of the propiverine ER 30 mg
vs 67.5% of the tolterodine ER 4 mg group assessed the
overall benefit as large and 31.9 vs 32.5% as small,
respectively (P = 0.92).

Safety and Tolerability

The tolerability of propiverine ER 30 mg and tolterodine ER
4 mg was good during the entire treatment period with a
similar rate of adverse events (45.1% under propiverine ER 30
mg vs 42.0% under tolterodine ER 4 mg; P = 0.575). The
frequency of all reported adverse drug reactions is
summarized in Table 3. The severity of these adverse drug
reactions was generally mild in both treatment groups. Four
serious adverse events were recorded in four patients (2.5%;
all in the tolterodine ER treatment group), but were assessed
without relation to study medication intake. The
discontinuation rate attributable to adverse events was greater
under tolterodine ER 4 mg (7.4%) compared with propiverine
ER 30 mg (3.1%).

All safety-relevant measures (laboratory test results, vital
signs, 12-lead ECGs and abdominal ultrasonography)
showed no abnormal results after 8 weeks of propiverine
ER 30 mg or tolterodine ER 4 mg treatment.

Table 1 Baseline characteristics of patients included in the full analysis set.

Characteristic Propiverine ER 30 mg (n = 162) Tolterodine ER 4 mg (n = 162) P*

Mean (SD) age, years 50.9 (15.9) 49.1 (14.7) 0.3141
Sex
Male, n (%) 41 (25.3) 39 (24.1) 0.7967
Female, n (%) 121 (74.7) 123 (75.9)

Physical dimensions, mean (SD)
Height, cm 162.2 (6.8) 162.2 (7.6) 0.9693
Weight, kg 61.4 (9.9) 60.1 (10.4) 0.2768
BMI, kg/m2 23.3 (3.3) 22.8 (3.2) 0.1642

Married
No, n (%) 20 (12.3) 14 (8.6) 0.2768
Yes, n (%) 142 (87.7) 148 (91.4)

Past medication
No, n (%) 145 (89.5) 144 (88.9)
Yes, n (%) 17 (10.5) 18 (11.1)

Voiding characteristics
Urinary frequency, n (%) 162 (100) 162 (100) –
Urgency, n (%) 155 (95.7) 155 (95.7) –
Urinary incontinence, n (%) 60 (37.0) 48 (29.6) 0.1573
Urge urinary incontinence 47 (29.0) 41 (25.3) 0.4536
Mixed urinary incontinence 13 (8.0) 7 (4.3) 0.1660

Mean (SD) no. of voidings/24 h 15.2 (5.8) 14.7 (6.0) 0.2132
Mean (SD) no. of urinary incontinence/24 h 1.3 (3.1) 0.6 (1.6) 0.2251
Mean (SD) voided volume, mL 98.9 (43.1) 106.1 (39.6) 0.1216

ER, extended release. *Categorical data were compared between the two groups using chi-squared test or Fisher’s exact test; comparison between groups of quantitative data used
t-tests.
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Discussion
The present study compared the efficacy and safety of
propiverine ER 30 mg with tolterodine ER 4 mg in the
treatment of Chinese patients with OAB. For propiverine ER
30 mg, an early onset of a treatment effect is known from
previous studies for all age groups [23,29] and could be
reconfirmed with an onset of efficacy after only 2 weeks of
therapy, whereby the treatment effect was even slightly earlier
in the propiverine group (P = 0.48; Table 2).

The primary objective, demonstration of non-inferiority of
propiverine ER 30 mg in comparison to tolterodine ER 4
mg for the change from baseline in the voiding frequency
per 24 h after 8 weeks of treatment, was achieved.
Propiverine ER 30 mg was even significantly more effective
than tolterodine ER 4 mg in terms of decreasing the
voiding frequency per 24 h (�4.6 vs �3.8; P = 0.005) and
the mean number of incontinence episodes per 24 h (�0.9
vs �0.3; P = 0.027).

The benefit of treatment as deriving from the patient’s self-
assessment increased over time. More than two-thirds of

patients reported an improvement of their OAB symptoms
after 2 weeks of treatment increasing to 77.8 and 88.9% of
patients after 8 weeks of treatment for tolterodine ER 4 mg
and propiverine ER 30 mg, respectively (P = 0.007). As
shown in Fig. 5, a treatment effect for both antimuscarinics
as assessed by the patients themselves was very high after the
first 4 weeks of treatment. If patients respond to an
antimuscarinic therapy, the therapeutic effect can be expected
within the first month of treatment. In contrast, the level of
the treatment benefit increased remarkably within time. After
8 weeks of therapy, an additional 54 patients (33.3%;
propiverine ER 30 mg) and 33 patients (20.4%; tolterodine
ER 4 mg) assessed their treatment benefit as large. This
improvement in the degree of benefit was not dependent on
the overall duration of treatment.

The clinical efficacy results for propiverine ER were similar to
those of previously published studies. For instance, when
comparing the efficacy improvements from the propiverine
ER 30 mg group in this study (n = 162) with the results for
the propiverine ER group (n = 372) from the placebo and
comparator-controlled clinical trial performed in Europe [23],

Screening (n=353)

Randomization (n=325)

Enrolment (n=324)

Propiverine ER
FAS (n=162)

Discontinued

Tolterodine ER
FAS (n=162)

Lost to follow-up (n=3)
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Protocol violation (n=4)

Adverse events (n=5)
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PP (n=148)
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PP (n=139)
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Lost to follow-up (n=5)
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Fig. 2 Patient disposition. ER, extended release; FAS, full analysis set; PP, per protocol.
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the percentage changes from baseline in the mean number of
voidings per 24 h were similar (�30.2 and �28.6%,
respectively). For the mean number of incontinence episodes,
an improvement was reached by 73.8 and 73.1% of patients
in the present study and the European trial, respectively, even
though the inclusion criteria differed because patients in the
present study had not necessarily to present urge
incontinence at baseline as had been required in the earlier
study. Although the mean voided volume at baseline differed
for both studies, the mean voided volume improved by 41.3

mL and 40.1 mL, respectively. In conclusion, the main
efficacy variables were similar in the different ethnic groups,
even though the demographic data differed slightly because
the patient population in the present study was ~5 years
younger and comprised a smaller female population (74.7 vs
89% females).

A limitation of the present study design was the overall
treatment duration of only 8 weeks, although the full
treatment effect of propiverine ER or tolterodine ER when
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Table 2 Efficacy endpoint results (full analysis set).

Efficacy variables Propiverine ER 30 mg (N = 162) Tolterodine ER 4 mg (N = 162) P

Mean (SD) of voidings/24 h*

Baseline 15.2 (5.8) 14.7 (6.0) 0.2132
2 weeks 12.2 (4.8) 11.9 (4.9) 0.2413
Change from baseline to 2 weeks �3.0 (3.0) �2.8 (4.0) 0.1781
8 weeks (end of treatment) 10.6 (4.5) 10.9 (4.8) 0.6295
Change from baseline to end of treatment �4.6 (4.1) �3.8 (5.1) 0.0050

Mean (SD) voided volume, mL*

Baseline 98.9 (43.1) 106.1 (39.5) 0.1216
2 weeks 125.8 (57.7) 133.9 (57.8) 0.1583
Change from baseline to 2 weeks 26.9 (36.2) 27.8 (42.3) 0.9206
8 weeks (end of treatment) 140.2 (61.7) 147.4 (64.1) 0.9206
Change from baseline to end of treatment 41.3 (48.3) 41.3 (54.5) 0.8887

Mean (SD) urgency incontinence episodes/24 h*

Baseline 1.3 (3.1) 0.6 (1.6) 0.2251
2 weeks 0.5 (2.2) 0.4 (1.3) 0.5667
Change from baseline to 2 weeks �0.8 (1.8) �0.2 (0.8) 0.0264
8 weeks (end of treatment) 0.3 (1.6) 0.3 (1.1) 0.7180
Change from baseline to end of treatment �0.9 (2.1) �0.3 (1.1) 0.0275

Time of onset of drug effect, days†

Mean (SD) 13.7 (1.1) 15.4 (1.4) 0.4841
Benefit from treatment (patient’s self-assessment)‡

2 weeks
No, n (%) 47 (29.0) 51 (31.5) 0.6285
Yes, n (%) 115 (71.0) 111 (68.5)

8 weeks
No, n (%) 18 (11.1) 36 (22.2) 0.0073
Yes, n (%) 144 (88.9) 126 (77.8)

ER, extended release. *Wilcoxon’s test; †log-rank test; ‡Fisher’s exact test. In case of missing values, the last observation carried forward was applied for the full analysis set.
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compared with other long-term data [24,26,30–32] is fully
pronounced at this time. Since the marketing authorization of
propiverine ER 30 mg in several European countries, four
non-interventional studies were performed over a treatment
duration of 12 weeks in the outpatient setting. In three of the
four non-interventional studies the effectiveness and safety

were determined in 5565 female and male patients with OAB
[24], in 2219 men with OAB and benign prostatic syndrome
[26], and in 1335 female and male patients with flexible
propiverine ER doses containing 30 or 45 mg [33]. The
improvement with respect to the percentage changes from
baseline in the mean number of voidings per 24 h were 30.8,
31.4 and 30.3% after 4 weeks of treatment, increasing to 40.8,
42.3 and 39.8% after 12 weeks for the three non-
interventional studies, respectively. These results confirm on
the one hand the efficacy of propiverine ER 30 mg over a
treatment period of 12 weeks and on the other hand a similar
treatment effect with controlled trials conducted over 4–8
weeks. Moreover, the data support the good effectiveness and
tolerability of propiverine ER 30 mg under real-life
conditions.

Oelke et al. [34] analysed the influence of propiverine ER 30
mg on quality of life (patient perception of bladder condition)
and cognitive function in 201 patients with OAB aged ≥70
years. Folstein’s Mini Mental State Examination (MMSE) test
was additionally used to assess cognitive function. After 12
weeks of treatment with propiverine ER 30 mg, the quality of
life improved and no signs of cognitive alteration were
observed, not even in patients with previously diagnosed mild
cognitive impairment.

Even though a different propiverine dose was applied, three
randomized controlled studies over 12 weeks’ treatment
duration have been performed comparing propiverine IR 20
mg with placebo and active control (solifenacin,
imidafenacin). For all micturition diary variables, propiverine
IR 20 mg was superior to placebo and similar to imidafenacin
and solifenacin [21,27,28].

Another point for discussion with regard to the present
clinical trial is the lack of a placebo group. The superiority of
propiverine and tolterodine over placebo, however, is well
known from numerous other studies [21,22,27,28,
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Table 3 Main adverse drug reactions (safety population).

Adverse reaction, n (%) Propiverine ER 30 mg (N = 162) Tolterodine ER 4 mg (N = 162)

Overall 66 (40.7) 64 (39.5)
Discontinuation because of adverse events 5 (3.1) 12 (7.4)
Dry mouth 45 (27.8) 43 (26.5)
mild/moderate/severe 40 (24.7)/4 (2.5)/1 (0.6) 38 (23.5)/3 (1.9)/2 (1.2)
Dysuria 10 (6.2) 14 (8.6)
mild/moderate/severe 8 (4.9)/2 (1.2)/0 13 (8.0)/1 (0.6)/0
Constipation 5 (3.1) 2 (1.2)
Mild/moderate/severe 2 (1.2)/3 (1.9)/0 2 (1.2)/0/0
Dry eye 4 (2.5) 1 (0.6)
mild/moderate/severe 3 (1.9)/1 (0.6)/0 0/1 (0.6)/0
Palpitation/chest depression 2 (1.2) 4 (2.5)
mild/moderate/severe 1 (0.6)/1 (0.6)/0 0/4 (2.5)/0
Blurred vision 0 (0.0) 2 (1.2)
Mild/moderate/severe 0/0/0 2 (1.2)/0/0

ER, extended release.
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30–32,35,36] and underlined in meta-analyses for
antimuscarinics [35,36].

The analysis of the baseline demographic data shows that the
average age of the patient population was 50 years, ~8 years
younger when compared with the mean age (58 years) of all
reported clinical trials from the meta-analysis by Buser et al.
[35]. Of the patients in that study, only 11% were previously
treated with antimuscarinics or other related OAB therapies,
hightlighting the need for increased region-wide care of
patients with OAB symptoms. The gender distribution of
~25% of males and 75% females was similar to that in the
current literature although several publications only reported
the data on female patients [35].

Tolerability, as recorded in the present clinical trial, confirms
the safe application of propiverine ER 30 mg for the
treatment of OAB, which has been available in several
European countries for ~10 years. Altogether, adverse drug
reactions were reported in 130 patients; 66 (40.7%) of the
propiverine and 64 (39.5%) of the tolterodine group. In these
patients, the classic antimuscarinic side effects were evenly
distributed between groups. As for other antimuscarinics, the
most frequently reported adverse drug reaction was dry
mouth (27.8% with propiverine ER and 26.5% with
tolterodine ER; in 89% of patients this was of mild intensity),
followed some distance away by dysuria and constipation. By
contrast, accommodation disorders were recorded less
frequently in this study population (Table 3).

Treatment compliance was high: 91.4% of the patients in the
propiverine group and 85.8% of the patients in the
tolterodine group completed the 8 weeks’ intake of study
medication, and only 3.1 and 7.4% of patients, respectively,
dropped out of the study prematurely because of adverse
events. Five patients in the propiverine group discontinued
treatment, in four cases because of adverse drug reactions
related to antimuscarinic treatment of mild to moderate
intensity and in one case as a result of a mild unrelated
adverse event (oedema of the lower extremities). In the
tolterodine group, eight of the 12 patients discontinued
treatment because of related adverse drug reactions of mild to
severe intensity and four patients because of serious adverse
events that were not related to antimuscarinic treatment
(bladder tumour, pneumonia, anembryonic gestation, cerebral
reinfarction). Taking all adverse drug reactions together,
81.3% were of mild, 15.8% of moderate and 2.9% of severe
intensity.

The overall safety assessment included laboratory
examinations, ECGs and ultrasonography of the abdominal/
urological region. Neither pathological findings nor changes
with respect to the baseline examination were recorded. In
only one tolterodine-treated patient, the ECG control
recorded an abnormal change in the T-wave. Additionally,
mild palpitations were recorded in five patients (3.1%) in

the tolterodine ER group and one (0.6%) patient in the
propiverine ER group. These results are consistent with
routine ECG controls used in previous clinical trials
conducted with propiverine [22,23,25,27,28]. Only one
controlled clinical trial conducted with a propiverine IR 20
mg formulation in Japan described a prolonged but within
the norm QTc interval (<500 ms) and a slightly elevated
pulse rate for propiverine, not taking into account the
numerous factors influencing the validity and interpretation
of these results. Notwithstanding the above, the authors
also concluded that the pro-arrhythmic risk in both the
imidafenacin and propiverine group were inconclusive and
that the ECG results were within the biological variability,
i.e. will be without any clinical concern [21].

Additionally, two propiverine studies within special risk
groups (elderly and postmenopausal women) and another
study in male patients with coronary heart disease were
performed in white populations [37,38]. In all three studies,
the ECG variables were not affected by propiverine when
compared with placebo, i.e. no QTc prolongation, QTc
dispersion or T-wave changes during rest and exercise were
recorded. The results of these clinical studies substantiate
previous basic research on the effect of propiverine with
respect to the potential duration of action in ventricular
myocytes of guinea pigs, in human ventricular tissue biopsies,
and in dog Purkinje fibres. All these in vitro examinations
showed no evidence for an enhanced cardiovascular safety
risk [39].

Altogether, the adverse reaction profile observed in this
clinical trial did not differ in the Chinese patient population
when compared with previous reports on propiverine in
Europe.

In conclusion, the results of this randomized controlled
non-inferiority trial confirmed that propiverine ER 30 mg
was at least as effective and safe as tolterodine ER 4 mg
for the treatment of patients with OAB. Moreover, the
results were in line with previously published propiverine
data throughout Europe and Japan. With respect to the
change in the voiding frequency per 24 h, the primary
efficacy outcome variable, and the change in urgency
incontinence episodes, propiverine ER 30 mg was more
effective than tolterodine ER 4 mg.
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