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Abstract
Purpose  To compare the heart rate increase side effect of different antimuscarinic drugs used in overactive bladder (OAB).
Methods  Overall 341 patients were consecutively randomized to take seven different antimuscarinic drugs between January 
2014 and June 2016 at three institutions, and 250 patients who completed the follow-up visits were accepted into this study. 
Ninety-one patients who never came to visits were excluded. Drugs were classified into two groups as selective (darifenacin 
hydrobromide, solifenacin succinate and oxybutynin hydrochloride) and non-selective (fesoterodine fumarate, tolterodine 
tartrate, trospium chloride and propiverine hydrochloride) antimuscarinic drugs. The cardiac pulse rates and the blood pres-
sures were recorded during the baseline, first visit (1 week) and second visit (1 month). Data were compared for drugs and 
two groups (selective versus non-selective) by using ANOVA test.
Results  Baseline characteristics were similar among the patients using different antimuscarinic drugs. Statistically significant 
increase in heart rate occurred in patients treated with non-selective antimuscarinic drugs compared to those treated with 
selective drugs (p < 0.001), and this increase was especially evident in patients treated with trospium chloride, tolterodine 
tartrate, fesoterodine fumarate and propiverine hydrochloride (p < 0.001, 0.003, 0.011 and 0.37, respectively). There was no 
statistical difference for the other side effects.
Conclusions  Our results showed that heart rate significantly increased in OAB patients treated with non-selective antimus-
carinic drugs. Trospium chloride, tolterodine tartrate, fesoterodine fumarate and propiverine hydrochloride seem to have 
the most unfavorable properties with regard to increased heart rate side effect when compared to the other antimuscarinic 
drugs (darifenacin hydrobromide, solifenacin succinate and oxybutynin hydrochloride).
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Introduction

Overactive bladder (OAB) syndrome is characterized by the 
symptom combination of urinary urgency, urgency inconti-
nence, frequency and nocturia in the absence of local blad-
der pathologies [1]. The most commonly cited studies report 

the prevalence of OAB as one in six while a more recent 
study found this prevalence in Iranian women to be higher 
than the prevalences in these studies [2–4]. The treatment 
strategy of OAB varies from behavioral therapy to percuta-
neous tibial nerve stimulation, but if behavioral therapy fails 
the first line treatment of OAB is with antimuscarinic drugs 
which block the most frequent muscarinic (M3) receptors 
located on the detrusor muscle [5, 6].

Pharmacodynamic properties of antimuscarinic agents are 
different regarding their interactions with muscarinic recep-
tors [7]. It has been shown that trospium chloride, toltero-
dine tartrate, fesoterodine fumarate and propiverine hydro-
chloride do not possess selectivity for muscarinic receptors 
while darifenacin hydrobromide, oxybutynin hydrochloride 
and solifenacin succinate show some selectivity for M3 over 
M2/M4/M5 receptors [7]. Antimuscarinic agents other than 
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blocking M3 receptors in detrusor muscle also block the 
other muscarinic receptors such as M1, M2, M4 and M5 in 
other organs which explain their important cardiovascular 
and central nervous system side effects. Muscarinic type 2 
receptors other than being located on detrusor muscle are 
also present in heart, and the blockage of these receptors 
results in an increase in heart rate [8]. It has been demon-
strated that prolonged increase in heart rate might result in 
increased mortality in the long term [9–11].

Although antimuscarinic agents are accepted to be an 
efficacious treatment of OAB syndrome, the side effect of 
heart rate increase has not been evaluated sufficiently in the 
trials of antimuscarinic treatment of OAB [12–14]. Hence, 
this study aims to compare and focus on heart rate increase 
side effect of different antimuscarinic agents available on the 
market which may result in increased mortality and morbid-
ity in OAB patients using these agents for a long period of 
time.

Materials and methods

The present study protocol was reviewed and approved by 
the Institutional Review Board of Istanbul University-Cer-
rahpasa Cerrahpasa School of Medicine (IRB:671/2014). 
After institutional approval, we conducted an open-label, 
prospective, multi-center, randomized and controlled follow-
up study for the patients who would start antimuscarinic 
drugs for OAB to determine and compare especially the 
heart rate increase side effect of these drugs. Overall 341 
patients randomized between January 2014 and June 2016 at 
three institutions and 250 patients who completed the fol-
low-up visits were included. Ninety-one patients who never 
came to follow-up visits were excluded from the study.

Patients with OAB who were decided to be treated with 
antimuscarinic drug monotherapy were informed about the 
study, and the ones with heart rate between 60 and 90, aged 
over 18, with body-mass index between 18.5 and 35 kg/
m2 included to our study. Patients with a pacemaker, blad-
der cancer or hematuria by unknown etiology, allergy to 
antimuscarinic drugs, abnormal kidney or liver functions, 
insufficient mental and physical capacities to conduct the 
study and major contraindications of antimuscarinic drug 
usage such as high amount of residual urine, myasthenia 
gravis, ulcerative colitis, toxic megacolon, narrow angle 
glaucoma were excluded from the study. Pregnant and breast 
feeding women were also excluded. For the randomization 
process, seven groups of antimuscarinic drugs were con-
stituted (Table 1), and the patients were systematically and 
consecutively randomized into these seven groups to use 
these drugs. Randomization process was conducted by an 
experienced urodynamic nurse. The urodynamic nurse ran-
domized the patient into one out of seven drug arms without 

having any clinical and demographic data about the patient. 
The physician who determined the blood pressure and the 
heart rate was unaware of the antimuscarinic drug which was 
given to the patient.

The calculation of sample number was performed by 
Gpower v. 3.1.2; assigning the statistical power as 0.8, the 
alpha as 0.05 and the group size as 7 and the effect size as 
0.25, it was planned to accept 32 patients for each antimus-
carinic drug to study.

The storage symptoms of the patients were recorded on 
their patient files. The symptom scores were evaluated and 
noted by patients according to translated form of OAB eval-
uation form (OAB-v8) in the screening visits [15]. There-
after, all patients rested for 10 min in a quiet room without 
being allowed to do any work such as having phone call et 
cetera under a nurse supervision and the cardiac pulse rates 
were measured from both index finger via pulse oximetry 
device (BTM-1060, Shenzhen Aeon Technology Co., Ltd. 
P.R.C.), and the mean value of these two measurements were 
taken into consideration. The blood pressures of the patients 
were also measured when they were still at the sitting posi-
tion from their both arms and the higher values were noted 
and the follow-up measurements were taken from the same 
side. After the patients stand up and keep still for 3 min, the 
orthostatic blood pressures were also measured and noted.

After the baseline evaluation patients received the first 
and second visits on the first week and first month, respec-
tively, the treatment outcomes and side effects of the treat-
ment were evaluated. The cardiac pulse rates and the blood 
pressures were also measured in these visits as described 
above.

Drugs were classified into two groups as selective (dar-
ifenacin hydrobromide, solifenacin succinate and oxybu-
tynin hydrochloride) and non-selective (fesoterodine fuma-
rate, tolterodine tartrate, trospium chloride and propiverine 
hydrochloride). Solifenacin succinate and oxybutynin hydro-
chloride were included into selective group for statistical 
analysis since it has moderate selectivity for M3 receptor 
over M2 subtype. Statistical analysis was performed using 
commercial software (SPSS version 16.0, SPSS, Chicago IL, 
USA). All measurements are expressed as the mean ± two 

Table 1   Doses and the using types of the drugs

1. Darifenacin hydrobromide 7.5 mg 1 × 1 Unrelated to meals
2. Solifenacin succinate 5 mg 1 × 1 Unrelated to meals
3. Trospium chloride 30 mg at morn-

ings, 15 mg at 
nights

Before meals

4. Fesoterodine fumarate 4 mg 1 × 1 Unrelated to meals
5. Tolterodine tartrate 4 mg 1 × 1 Unrelated to meals
6. Propiverine hydrochloride 15 mg 2 × 1 Unrelated to meals
7. Oxybutynin hydrochloride 5 mg 3 × 1 Unrelated to meals
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standard deviations. Statistical significance was accepted 
at p < 0.05. Data collected during visits were compared for 
every single drug and also for two groups classified as selec-
tive versus non-selective by using ANOVA test.

Results

Complete data were available on 250 patients. Of the 250 
patients, the mean age and OABSS (overactive bladder 
symptom score) of the patients were 51.21 ± 14.04 and 
23.60 ± 7.97, respectively. Stress urinary incontinence was 
noted in 6 of 175 female patients. With regard to overall 
patient satisfaction, 77.6% of 250 patients were satisfied, 
while remaining 22.4% were dissatisfied with the treatment. 
The percentage of patients with heart rate of ≥ 80 beat per 
minute before treatment was 47.6%.

Baseline mean heart rate was 79.8 ± 11.2 beats per min-
ute. Mean systolic/diastolic pressures in sitting and standing 
setting were 122.4/77.4 and 121/75.3 mmHg, respectively. 
Table 2 presents data on baseline variables for patients in 
our cohort.

Baseline age, height, weight and BMI were similar 
among the patients using different antimuscarinic drugs. 

In addition, there were no statistical differences in terms of 
heart rate, systolic/diastolic pressures in sitting and stand-
ing setting of the patients among the groups before treat-
ment (p > 0.05) (Table 3).

The heart rates of the patients during baseline, first 
and second visits are shown in Tables  4 and 5 and 
Figs. 1, 2. Remarkable increase in heart rate occurred in 
patients treated with non-selective antimuscarinic drugs 
(p = 0.0016), and this increase was especially evident in 
patients treated with trospium chloride, tolterodine tar-
trate, fesoterodine fumarate and propiverine hydrochloride 
(p = 0.001, 0.003, 0.011 and 0,037, respectively). While 
an increase in approximately 9–10 beats per minute was 
determined at first and second visits in trospium chlo-
ride group (p = 0.001), this increase was found to be 6–5 
beats per minute in tolterodine tartrate group (p = 0.003) 
4–6 beats per minute in fesoterodine fumarate group 
(p = 0.011) and 3–4 beats per minute in propiverine hydro-
chloride group (p = 0.037). There were no statistically sig-
nificant difference in terms of systolic/diastolic pressures 
in sitting and standing setting of the patients for all type 
of antimuscarinic drugs (p > 0.05).

There was no statistical difference for the other side 
effects of antimuscarinic drugs used in this cohort 
(p > 0.05) (Table 6).

Table 2   Baseline characteristics 
of patients

No. of patients

Number of centers
 1. Center 96
 2. Center 121
 3. Center 33

Gender (female/male) 175/75
Mean age ± SD (years) 51.2 ± 14
Mean height ± SD (cm) 162.9 ± 9.6
Mean weight ± SD (kg) 77.2 ± 13.6
Mean body mass index ± SD (weight (kg)/height (m)2) 29.2 ± 5.2
Mean overactive symptom score (OABSS) ± SD 23.6 ± 7.9
Distribution of antimuscarinic drugs
 1. Fesoterodine 4 mg 32
 2. Tolterodine 4 mg SR 41
 3. Trospium chloride 30 mg 41
 4. Solifenacin 5 mg 36
 5. Oxybutynin hydrochloride 5 mg 30
 6. Darifenacin 7.5 mg 37
 7. Propiverine 15 mg 33

Mean heart rate ± SD (beats/minute) 79.8 ± 11.2
Mean systolic blood pressure ± SD (sitting) (mmHg) 122.5 ± 21.7
Mean diastolic blood pressure ± SD (sitting) (mmHg) 77.5 ± 35.7
Mean systolic blood pressure ± SD (standing) (mmHg) 121 ± 23.6
Mean diastolic blood pressure ± SD (standing) (mmHg) 75.3 ± 13.1
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Discussion

Pharmacodynamic properties of antimuscarinic agents 
are different regarding their interactions with muscarinic 
receptors [7]. It has been shown that trospium chloride, 
tolterodine tartrate, fesoterodine fumarate and propiverine 
hydrochloride do not possess selectivity for muscarinic 

receptors and are known as non-selective antimuscarinics 
agents. Darifenacin hydrobromide, oxybutynin hydrochlo-
ride and solifenacin succinate show some selectivity for 
M3 over M2/M4/M5 receptors [7]. Antimuscarinic agents 
in the treatment of OAB syndrome are usually intended to 
be used for a long period of time, and theoretically anti-
muscarinic agents having some selectivity for M3 over 
M2 receptors should be vitally superior to non-selective 
antimuscarinics in terms of increased heart rate side effect 
which has been determined to result in increased mortal-
ity in long-term existence. In this study, seven different 
antimuscarinic drugs were evaluated in terms of the side 
effects of cardiovascular system; we found that remarkable 
increase in heart rate occurred in patients treated with non-
selective antimuscarinic drugs compared to those treated 
with selective drugs (p = 0.0016). Furthermore, trospium 
chloride and tolterodine tartrate had the most unfavora-
ble properties regarding the increase in the heart rate 

Table 3   Baseline characteristics of patients according to the antimuscarinic drugs

Fesoterodine Tolterodine Trospium chloride Solifenacin Oxybutynin Darifenacin Propiverine p

No. of patients 32 41 41 36 30 37 33
Gender
 Female 28 26 33 26 18 15 21 0.09
 Male 4 15 8 10 12 15 12

Mean age ± SD (years) 50.6 ± 12.7 48.7 ± 15.4 52.9 ± 13.9 51.7 ± 12.9 51.4 ± 15.4 50.9 ± 13.1 51.3 ± 15.4 0.906
Mean height ± SD (cm) 160.4 ± 8.6 164.9 ± 9.1 162.1 ± 9.7 161.8 ± 9.5 164.5 ± 11.8 162.8 ± 8.4 163.2 ± 10.0 0.480
Mean weight ± SD (kg) 74.6 ± 13.6 76.0 ± 16.2 79.9 ± 11.3 77.2 ± 11.2 78.3 ± 14.1 76.0 ± 12.0 78.3 ± 15.9 0.714
Mean body mass index ± SD 29.1 ± 5.9 27.9 ± 6.0 30.6 ± 4.4 29.7 ± 5.1 29.1 ± 5.7 28.5 ± 4.4 29.3 ± 5.0 0.424
Mean heart rate ± SD (beats/

minute)
79 ± 10.0 79.2 ± 13.1 77.9 ± 8.8 81.1 ± 14.4 78.1 ± 11.0 81.9 ± 11.8 81.0 ± 8.9 0.679

Mean systolic blood pres-
sure ± SD (sitting) (mmHg)

121.5 ± 26.2 121.2 ± 19.5 124.7 ± 24.9 121.1 ± 21.8 127.3 ± 19.6 116.2 ± 19.3 126.7 ± 23.5 0.360

Mean diastolic blood pres-
sure ± SD (sitting) (mmHg)

72.5 ± 12.7 74.8 ± 10.9 76.7 ± 14.9 74.5 ± 12.6 78.6 ± 13.0 87.1 ± 12.3 77.6 ± 12.9 0.701

Mean systolic blood pres-
sure ± SD (standing) (mmHg)

120.6 ± 23.5 120.1 ± 20.7 13.0 ± 32.5 120.4 ± 20.0 124.4 ± 21.8 115.9 ± 19.6 123.5 ± 24.9 0.805

Mean diastolic blood pres-
sure ± SD (standing) (mmHg)

72.1 ± 12.3 74.3 ± 11.4 78 ± 15.2 75.9 ± 13.6 78.2 ± 13.6 73.3 ± 12.0 75.1 ± 13.2 0.419

Table 4   Mean ± SD heart rates of the patients using selective and 
non-selective antimuscarinic agents in baseline, first and last visits

Non-selective Selective p

Mean SD Mean SD

Baseline 79.2 10.4 80.4 12.7 0.420
First visit (1st week) 84.9 11.4 80.8 12.7 0.007
Second visit (1st month) 86.2 12.1 80.4 12.8 0.0016

Table 5   Mean ± SD heart 
rates of the patients using 
each antimuscarinic agent in 
baseline, first and last visits

Baseline First visit 
(1st week)

Heart beat 
increases from 
baseline

Second visit 
(1st month)

Heart beat 
increases from 
baseline

Mean SD Mean SD Mean SD

Fesoterodine 79.1 9.7 83.5 12.5 4.4 85 11.6 5.9 0.011
Tolterodine 79.4 13.3 85.4 12.3 6 84.6 14.1 5.2 0.003
Trospium 78.4 9.3 87.8 11.2 9.4 88.1 11.3 9.7 0.001
Solifenacin 81.3 14.7 82.7 14.6 1.4 83.8 12.7 2.5 0.427
Oxybutynin 77.1 11.3 75.5 11.2 − 1.6 75 11.4 − 2.1 0.530
Darifenacin 80.7 12.6 81.2 11.6 0.5 79.8 12.5 − 0.9 0.746
Propiverine 82.7 9.1 85.8 11.4 3.1 86.9 11.5 4.2 0.037
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Fig. 1   Changing pattern of 
heart rate per minute with treat-
ment for selective versus non-
selective antimuscarinic drugs

Fig. 2   Changing pattern of 
heart rate per minute with treat-
ment for each single antimus-
carinic drug
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(p = 0.001 and 0.003, respectively). It was demonstrated 
that the prolonged existence of increased heart rate might 
result in increased mortality [9–11]. Taking these findings 
into consideration, the results of this study seem to be 
crucially important when planning the rationale antimus-
carinic treatment of OAB.

It was shown that 39% of OAB patients had heart rates 
of ≥ 80 beat per minute before treatment [16]. Similarly in 
our study, 47.6% of the patients had heart rates ≥ 80 beat per 
minute before treatment.

Studies investigating the increased heart rate side effect of 
antimuscarinics are scarce. Two placebo-controlled trials for 
patients treated with trospium chloride due to OAB showed 
that the mean increase in heart rate compared with placebo 
was found to be 3.0 and 4.0 beats per minute, respectively 
[17, 18]. In the present study, heart rate increased approxi-
mately 9–10 beats per minute at 1st and 4th week visits in 
patients treated with trospium chloride (p = 0.001). This 
increase in heart rate, which may result in increased car-
diovascular mortality in the long-term usage of this drug, 
must be taken into consideration when planning long-term 
antimuscarinic treatment of OAB. In a previous study, an 
increase in heart rate during the treatment with trospium 
chloride was found to be related to dose increment; however, 
no significant effect on blood pressure was noted at any dose 
[19]. Consistent with this finding, in our study, trospium 
chloride treatment in regular dose was not found to be asso-
ciated with systolic/diastolic blood pressure changes.

Two placebo controlled studies in healthy volunteers 
comparing the effect of darifenacin hydrobromide and 
tolterodine tartrate on heart rate demonstrated that dar-
ifenacin hydrobromide did not increase the heart rate while 
tolterodine tartrate significantly increased it [20, 21]. Two 
other placebo controlled studies with tolterodine tartrate and 
fesoterodine fumarate at both 4 mg and 8 mg doses showed 
that these two drugs increased the heart rate significantly 
compared with placebo [22, 23]. Similar to the findings of 

the above-mentioned studies, in the present study the heart 
rate increase was found to be five beats per minute in toltero-
dine tartrate group, and this increase reached statistical sig-
nificance (p = 0.003). Also in this study it was evident that 
uptrend of heart rate increase occurred with fesoterodine 
fumarate and this increase reached statistical significance 
(p = 0.011).

Hence, heart rate increase side effect of tolterodine 
tartrate and fesoterodine fumarate should also be kept in 
mind when long-term antimuscarinic treatment of OAB is 
planned.

A randomized crossover study comparing the safety of 
oxybutynin hydrochloride and propiverine hydrochloride 
found a significantly higher heart rate in propiverine hydro-
chloride treatment group [24]. In the present study, heart rate 
increase was found to be four beats per minute in propiverine 
hydrochloride group, and this increase reached statistical 
significance (p = 0.037).

In the present study, it is clearly evident that when clas-
sified into two groups as selective and non-selective anti-
muscarinics, statistically significant increase in heart rate 
occurred in patients treated with non-selective antimus-
carinic drugs (p = 0.0016) because of fairly high numbers 
of patients in each group. These findings are consistent with 
the findings of several other studies [20, 21, 24–26]. To our 
knowledge, this is the largest randomized, prospective clini-
cal trial comparing the effect of all available antimuscarinic 
drugs on heart rate. At this moment, tolterodine tartrate, 
fesoterodine fumarate, propiverine hydrochloride and tro-
spium chloride (non-selective antimuscarinic drugs) appear 
to increase heart rate, while darifenacin hydrobromide, 
oxybutynin hydrochloride and solifenacin succinate (selec-
tive antimuscarinic drugs) do not. These findings should 
have clinical implications when treating OAB patients with 
antimuscarinics.

Although each single drug group in the present study 
does not include sufficiently high number of patients for 

Table 6   Other adverse effects of the antimuscarinic drugs occurring in our cohort

Fesoterodine Tolterodine Trospium Solifenacin Oxybutynin Darifenacin Propiverine p

No. of patients 25 33 34 31 21 28 23
Dry mouth 13 (52.0) 20 (60.6) 23 (67.6) 15 (48.3) 17 (81.0) 15 (57.7) 13 (56.5) 0.304
Blurred vision 3 (12.0) 3(9.1) 11 (32.4) 6 (19.4) 3 (14.3) 2 (7.7) 4 (17.4) 0.143
Flushing 6 (24.0) 3 (9.1) 2 (5.9) 5 (16.7) 1 (4.8) 0 1 (4.3) 0.055
Dry skin 1 (4.0) 2 (6.1) 2 (5.9) 4 (12.9) 4 (19.0) 3 (11.5) 1 (4.3) 0.494
Tachycardia 3 (12.0) 2 (6.1) 7 (20.6) 8 (25.8) 3 (14.3) 1 (3.8) 1 (4.3) 0.094
Urinary retention 4 (16.0) 7 (21.2) 4 (11.8) 1 (3.2) 6 (28.6) 5 (19.2) 3 (13.0) 0.260
Constipation 4 (16.0) 7 (21.2) 7 (20.6) 5 (16.1) 5 (23.8) 8 (34.6) 7 (30.4) 0.551
Fever 3 (12.0) 1 (3.0) 4 (11.8) 2 (6.5) 3 (14.3) 1 (3.8) 3 (13.0) 0.470
Confusion/hallucination 0 0 2 (5.9) 0 1 (4.8) 0 1 (4.3) 0.390
Skin eruption 0 3 (9.1) 0 0 0 0 0 0.023
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attempting to draw a more precise conclusion, we believe 
that our results might help urologists to consider the heart 
rate increase side effect of antimuscarinics when planning 
the rationale OAB long-term treatment.

Conclusion

Our results showed that heart rate significantly increased 
in patients with OAB treated with non-selective antimus-
carinic drugs. Trospium chloride, tolterodine tartrate, 
fesoterodine fumarate and propiverine hydrochloride seem 
to have the most unfavorable properties with regard to heart 
rate increase side effect when compared with the other anti-
muscarinic drugs (darifenacin hydrobromide, solifenacin 
succinate and oxybutynin hydrochloride). We believe that 
our results might help urologists to consider the heart rate 
increase side effect of antimuscarinics when planning the 
rationale OAB long-term treatment.

Authors’ contribution  BC contributed to protocol/project develop-
ment, manuscript writing/editing. BO, MHG helped with protocol/
project development, data collection or management, data analysis, 
manuscript writing/editing. MG, FAT, MD involved in data collection 
or management.

Compliance with ethical standards 

Conflict of interest  Authors of this study have no conflict of interest.

Ethical approval  This open-label, prospective, multi-center, rand-
omized and controlled follow-up study has institutional approval from 
Cerrahpasa School of Medicine Ethical Commitee with IRB number 
of 671/2014.

References

	 1.	 Abrams P, Cardozo L, Fall M et al (2002) The standardisation 
of terminology of lower urinary tract function: report from the 
Standardisation Sub-committee of the International Continence 
Society. Neurourol Urodyn 21:167–178

	 2.	 Milsom I, Abrams P, Cardozo L et al (2001) How widespread 
are the symptoms of an overactive bladder and how are they 
managed? A population-based prevalence study. BJU Int 
87:760–766

	 3.	 Stewart WF, Van Rooyen JB, Cundiff GW et al (2003) Preva-
lence and burden of overactive bladder in the United States. 
World J Urol 20:327–336

	 4.	 Safarinejad MR (2009) Prevalence of the overactive bladder 
among Iranian women based on the International Continence 
Society definition: a population-based study. Int Urol Nephrol 
41(1):35–45

	 5.	 Hashim H, Beusterien K, Bridges JF, Amos K, Cardozo L 
(2015) Patient preferences for treating refractory overactive 
bladder in the UK. Int Urol Nephrol 47(10):1619–1627

	 6.	 Abrams P, Andersson KE, Buccafusco JJ et al (2006) Mus-
carinic receptors: their distribution and function in body sys-
tems, and the implications for treating overactive bladder. Br J 
Pharmacol 148:565–578

	 7.	 Andersson K-E, Campeau L, Olshansky B (2011) Cardiac 
effects of muscarinic receptor antagonists used for voiding 
dysfunction. Br J Clin Pharmacol 72:186–196

	 8.	 Harvey RD, Belevych AE (2003) Muscarinic regulation of car-
diac ion channels. Br J Pharmacol 139:1074–1084

	 9.	 Hozawa A, Ohkubo T, Kikuya M et al (2004) Prognostic value 
of home heart rate for cardiovascular mortality in the general 
population: the Ohasama Study. Am J Hypertens 17:1005–1010

	10.	 Jouven X, Empana JP, Escolano S et al (2009) Relation of heart 
rate at rest and long-term (> 20 years) death rate in initially 
healthy middle-aged men. Am J Cardiol 103:279–283

	11.	 Hsia J, Larson JC, Ockene JK et al (2009) Resting heart rate as 
a low tech predictor of coronary events in women: prospective 
cohort study. BMJ 338:b219

	12.	 Chapple CR, Khullar V, Gabriel Z, Muston D, Bitoun CE, 
Weinstein DA (2008) The effects of antimuscarinic treatments 
in overactive bladder: an update of a systematic review and 
metaanalysis. Eur Urol 54:543–562

	13.	 Novara G, Galfano A, Secco S et al (2008) A systematic review 
and meta-analysis of randomized controlled trials with antimus-
carinic drugs for overactive bladder. Eur Urol 54:740–763

	14.	 Cetinel B, Onal B (2013) Rationale for the use of anticholiner-
gic agents in overactive bladder with regard to central nervous 
system and cardiovascular system side effects. Korean J Urol 
54(12):806–815

	15.	 Tarcan T, Mangir N, Ozgur MO, Akbal C (2012) Validation 
study of Turkish version of OAB-V8 overactive bladder ques-
tionnaire. Uroloji Bulteni 21:113–116

	16.	 Andersson KE, Sarawate C, Kahler KH et al (2010) Cardio-
vascular morbidity, heart rates and use of antimuscarinics in 
patients with overactive bladder. BJU Int 106:268–274

	17.	 Zinner N, Gittelman M, Harris R, Susset J, Kanelos A, Auer-
bach S, Trospium Study Group (2004) Trospium chloride 
improves overactive bladder symptoms: a multicenter phase III 
trial. J Urol 171:2311–2315

	18.	 Rudy D, Cline K, Harris R, Goldberg K, Dmochowski R (2006) 
Multicenter phase III trial studying trospium chloride in patients 
with overactive bladder. Urology 67:275–280

	19.	 Breuel HP, Mürtz G, Bondy S, Horkulak J, Gianetti BM (1993) 
Safety and tolerance of trospium chloride in the high dose 
range. Arzneimittelforschung 43:461–464

	20.	 Olshansky B, Ebinger U, Brum J et al (2008) Differential phar-
macological effects of antimuscarinic drugs on heart rate: a 
randomized, placebo-controlled, doubleblind, cross-over study 
with tolterodine tartrate and darifenacin in healthy participants> 
or = 50 years old. J Cardiovasc Pharmacol Ther 13:241–251

	21.	 Olshansky B, Spierings E, Brum J et al (2009) Validation of the 
differential cardiovascular effects of the antimuscarinic agents, 
darifenacin and tolterodine tartrate, in a randomized, placebo-
controlled, 3-way crossover study. UroToday Int J. https​://doi.
org/10.3834/uij.1944-5784.2009.08.07

	22.	 Schiffers M, Sauermann P, Schurch B, Mehnert U (2010) The 
effect of tolterodine tartrate 4 and 8 mg on the heart rate vari-
ability in healthy subjects. World J Urol 28:651–656

	23.	 Chapple C, Van KP, Tubaro A et al (2007) Clinical efficacy, 
safety, and tolerability of once-daily fesoterodine in subjects 
with overactive bladder. Eur Urol 52:1204–1212

	24.	 Abrams P, Cardozo L, Chapple C, Serdarevic D, Hargreaves 
K, Khullar V (2006) 1032 study group. Comparison of the 
efficacy, safety, and tolerability of propiverine and oxybutynin 
for the treatment of overactive bladder syndrome. Int J Urol 
13:692–698

https://doi.org/10.3834/uij.1944-5784.2009.08.07
https://doi.org/10.3834/uij.1944-5784.2009.08.07


424	 International Urology and Nephrology (2019) 51:417–424

1 3

	25.	 Michel MC, Wetterauer U, Vogel M, de la Rosette JJMCH 
(2008) Cardiovascular safety and overall tolerability of solif-
enacin in routine clinical use. Drug Saf 31(6):505–514

	26.	 Chapple CR, Abrams P (2005) Comparison of darifenacin and 
oxybutynin in patients with overactive bladder: assessment of 
ambulatory urodynamics and impact on salivary flow. Eur Urol 
48:02–9

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Which antimuscarinic agents used in the treatment of overactive bladder increase heart rate? a prospective randomized clinical trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References


