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suffering from spinal cord injury or multiple sclerosis, Patients were randomized for

Mirabegron 50 mg (Group A) orplacebo (Group B). Urodynamic parameter§, the24h
pad-weight test, and patient-reported outcomes were assessed. Safety assessments
included monitoring the incidence and severity of adverse events. Changes in time and

differences between groups were assessed with nonparametric Kruskal-Wallis oneway analysis of variance; P š 0.05 was considered statistically significant.

Results: In total, 66 patients were eligible for inclusion in the final analysis. There
was a significant increase of volume at the first detrusor contraction (P = 0.00047)
and an improvement in bladder compliance (P:0.004l) in the mirabegron group
compared with the placebo-treated group, whereas the increase

in cystometňc

capacity did not reach statistical significance (P = 0.06l). There was a clear tendency
to reduced urine leakage (P = 0.056) in Group

A. There were significant changes in

all the paúent-reported outcomes, favoring the mirabegron group. The incidence of
drug-related adverse events was 3,13%.

Conclusions: Mirabegron (50 mg) improved both urodynamic variables and patientreported outcomes in patients with NDO. The treatment was tolerated well.

KEYwoRDs
mirabegron, ncurogenic bladder dysfunction, urodynamics
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l INTRODUCTION

Deterioration ofneural control at any level usually leads to the
development of neurogenic dysfunction of the lower urinary
Hashinr Hashim led the peer-review proccss as the Associatc EtliLtlr
rcsponsible t'or the paper.
Neunlwology anr| Urotbnahtics. 20 | 8;1-1t.

tract. Neurogenic detrusor overactivity (NDo) is defined as
an urodynamic observation characterized by the involuntary
contraction of the detru§or during the filling phase, which
may be spontaneous or provoked, when there is a evidence of
l
a neurological disorder.
NDO is a typical urodynamic condition in patients

suffering traumatic or nontraumatic injury to the cervical,
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thoracic, or ]umbar segment of the spinal cord,2 and is the
most frequently reported urodynamic dysfunction in patients
with multiple sclerosis (MS).3
The typical clinical symptoms of NDO include frequency,
urgency, and urinary incontinence. In patients in whom NDO
is associated with other pathological urodynamic pattems,
such as low compliance and a high detrusor leak point
pressure, there is also a risk of upper urinary tract damage.
The aim of neuro-urological care is to restore continence, to
protect the upper urinary tract, and to improve the patienís
quality of life. The effective suppression of NDO is one of the
most important ways to achieve these goals.
Anticholinergic drugs are considered the standard treatment for NDO. The positive effects of oxybutynin, trospium
chloride, tolterodine, propiverine, and imidafenacin in increasing the bladder capacity and reducing the intravesical pressure

in several studies.] However, antimuscarinic drugs are far from an ideal tool for the management
of NDO, especially because their adverse effects, including
have been documented

constipation, significantly

limit long-term

treatment in
neuropathic patients with primary impaired intestinal motility
attributable to an underlying neurological condition.s Frrrther-

more, a substantial proportion of patients do not respond
adequately to anticholinergic treatment in terms of its efficacy,
even when a higher dose is used than is usually administered to
patients with idiopathic overactive bladder (iOAB).6
For those who do not respond sufficiently to therapy with
antimuscarinics, or in whom this therapy is associated with
severe adverse effects, second-line treatment options are
available. These include onabotulinum toxin A injections into

the bladder wall and sacral neuromodulation. Surgical

methods, such as bladder augmentation, urinary diversion,
or sacral rhizotomy, can be peďormed as a last resort.7
Mirabegron is a B3-agonist that relaxes the bladder and
facilitates the filling phase by stimulating the B3-adrenoreceptors,* Mirabegron is approved for the treatment of iOAB
in many countries, and its efficacy seems comparable to that
of anticholinergic drugs in the treatment of iOAB, with

superior tolerability.9 Recently, Wóllner and Pannekl()
published their initial experience with mirabegron in the
treatment of NDO in a retrospective study on 15 patients.
Appu.t of this single communication data on the use oť
mirabegron in neuropathic patients are sparse.

Therefore, the aim

of this prospective,

randomized,

Al

centers. The study was ilesigned in accordance with the
principles of the Declaration of Helsinki, World Medical
Association. The EudraCT number of this study is 2014002592-29. All the subjects were informed of the risks
associated with the study and provided their written informed
consent to participate. The study protocol was approved by
the Instirutional

Review Board of University Hospital Ostrava

(26512014).

2.1 l Patients
The srudy enrolled patients who were 18-65

ye zrrs

old with

NDO

arising from SCI or MS. The main inclusion criteria were:
individuals who had experienced SCI at least 12 months before
entering the study; subjects with MS who were neurologically
stable throughout the preceding 6 months; and subjects who
were wil|ing and able to have their concomitant anticholinergic
medications withdrawn. The main exclusion criteria were:
paúents with

NDO arising from newological diseases other than

SCI or MS; individuals with indwelling catheters/epicystostomy; patients whose NDo was treated with onabotrrlinumtoxin
A in the 12 months preceding the study; subjects with
symptomatic urinary tract infections (asymptomatic bacteriuria

was not considered an exclusion criterion); and patients with
severe cardiovascular disease (untreated hypertension, defined

as
>

a

systolic pressure

> 180

mmHg or diastoiic

pressure

l l0 mmHg, or untreated arrhythmia).

2.2 | Study protocol
Three visits were scheduled during the study, After they had
given their wňtten informed consent, the patients were advised
to stop their anticholinergic medication and were administered

a placebo for the single-blind wash-out period (2 weeks).
Subjects with proven NDO during filling cystometry at the end
of the wash-out period were considered suitable for randomization. Eligible subje cts were randomized in a l: l ratio using a
central computerized randomization scheme (TME Soiutions,
Prague, Czech Republic) to either the active treatment arm
(mirabegron 50 mg; Group A) or the placebo arm (Group B) for
the 4 weeks of the double-blind treatrnent period.

2.3 l Study assessments

double-blind, placebo-controlled study was to evaluate the
efficacy and safety of mirabegron for the treatment of NDO in
a cohort of patients with spinal cord injury (SCI) or MS.

The study assessments were conducted at randomization
(baseline) and at the end of the study (week 4). Filling
cystometry (MMS, Enschede, The Netherlands) was per-

2 | MATERIALS AND METHODS

formed with a 6Ch bladder catheter in the supine position,
with a fi|ling rate of 25 ml/min using 37'C saline, according
l
to Good Urodynamic Practices.1 The following urodynamic
parameters were assessed: cystometric capacity (CC, defined

This was a prospective, multicenter, randomized, doubleblind, placebo-controlled stucly conducted at three tertiafy

as the bladder volume when the patient showerl urine leakage;

when the patient reported strtlng urgency; or symptoms of
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autonomic dysreflexia occurred), volume at the first detrusor
contraction (VF'DC, defined as the bladder volume at which

an involuntary detrusor contraction was first

observed),

compliance (C, defined as the change in volume divided by
the change in the detrusor pressure during íilling), and the
maximal detrusor pressure (pd.,,,u*, defined as the maximum
value of detrusor pressure during filling).
The severity of incontinence was determined using the

h

pad-weight test (24PWT). Subjects peďormed the
24PWT on three ctlnsecutive ilays, immediately before
randomization and at the end of treatment, and the sum of
24

the three 24P\ÝT results was u§ed for the statistical analysis.
Al1 the patients were asked to fill out several question-

naires to assess the patient-reported outcomes. The Patient
Perception of Bladder Condition (PPBC) is a validated
questionnaire that asks the subject to rate his/her subjective
impression of his/her problems related to the lower urinary
tract. The scale ranges from 1 ("My bladder condition does
not cause me any problems at all") to 6 ("My bladder
condition causes me many severe problems").|2
I-QoL is a validated questionnaire consisting of 22 items,
originally designed to quantify the impact of incontinence on
the quality of life of women suffering from stress urinary
incontinence,1,' Horveu"., it has also been shown to be a
reliable tool in neurogenic patients.ra A higher score indicates
a better quality of life.
Treatment Satisí'action-Visual Analog Sca]e (TS-VAS) is
a simple tool that asks the patierrt to rate his/her subjective
satisfaction with a treatment by placing a vertical mark on a
horizontal line that extends from 0 (no, not at all) to l 00 (yes,
completely).
The safety assessments included monitoring the incidence
and severity of adverse events (AEs) throughout the study
period. To assess the effect of mirabegron on cardiovascular
system safety, all th'e patients underwent blood pressure and
pulse rate measurements.

2.4 l Endpoints
The primary endpoint was the change from baseline to end of
treatment in cystometric capacity. Secondary endpoints

inclucled changes from baseline to entl of treatment in
urodynamic variables (volume at first detrusor contraction,
compliance, and maximal detrusor pressure), severity of
incontinence (as measured by pad-weight test), patientreported outcomes (as measured by Patient Perception of
B]adder Condition scale, I-QoL questionnaire and Treatment
Satisfaction-Visual Analog Scale) and safety variables,

2.5 l Statistical methodology

The data were processed and a statistical

analysis
performed with the Number Cruncher Statistical System

(NCSS LLC2012, Kaysville, UT). Sample size calculation
was based on results of previous stuclies which have
studied the efficacy of antimuscarinics in the treatment of
NDO.15 Forty patients enrolled in each group provide 80%
power to detect the clinically significant change of 80 mls
in bladder volume at maximum cystometric capacity
(primary variable) between groups using non-parametric

Kruskal-Wal|is test at 5% significance level. Although
only 66 patients were eligible for final analysis, the
statistic power of the present study reached 8I.3%
regarding primary variable.
Demographic data are expressed as averages, and all other
data are expressed as means + standard deviations of the

means (SD). Changes in times and differences between
groups were assessed with nonparametric Kruskal-Wallis
one-way analysis of variance. P < 0.05 was considered

statistically significant.
Because there was significant variability in the data and

nonsymmetric data distributions, nonstatistical methods
based on mathematical gnostics were also used to compare
variables for which P:0.05-0,07. This method incorporates
the robust probability distributions of different paíameters at

multiple time points, with emphasis on the comparison of

robust median values. The method was taken from

methodological sources, published applications, and the tools

based on the computation systenr of The
Statistica1 Ctlmputingrv.

l
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3 l RESULTS
3.1 l Subjects
In total, 78 patients were enrolled in the study, of which 66
were eligible to be included in the final statistica| analysis.
Fifty four of the total 66 patients were previously treated with

anticholinergics. The baseline demographic and clinical
characteristics were similar in the placebo and mirabegron
groups. The subjectš baseline characteristics are summarized

in Tabie

1.

3.2 l Efficacy
3.2.1 l Urodynamic parameters
There was

a

statistically significant increase

in VFDC

(P = 0.00047) and an improvement in bladder compliance

(P=0.0041) in the mirabegron group compared with

the

placebo group, whereas the increase in CC in the mirabegron

group did not reach statistical significance (P=0.061).
However, when assessing CC using a gnostic test, we
observed a significant difference between the groups,
favoring the mirabegron-treated group. No significant change
in pd",-", was detected in either group of patients (P = 0.78).

TABLD

1

Subjects' baseline characteristics (population included in the final statistical analysis, n=6Ó)

Number of patients (n)

Male 0t)

6roup B (placebo)

§ntirc pstient set

Group A (active tr€atmcnt)

66

2a

34

49

23

26
8

l7

9

Age (years)

43.74

43.46

43;7

BMI

26.32

26.33

26.45

Female (n)

Time since SCIA,IS diagnosis (years)

Io;I7

10.76

l0.33

Previously treated with anticholinergics (n)

54

28

26

Previously treated íor hypertension (n)

11

4

7

Previously treated for arythmia (n)

1

0

l

49

2I

28

43

20

23

Non+raumatic SCI (n)

6

l

5

Level of SCI (n)

49

2l

28

c

13

5

8

Thl_Th6

l2

ó

6

Th7_Th12

16

8

8

2

6

Spinal cord injury patients - SCt (n)
Traumatic SCI (n)

L

8

ASIA classification

(n)

l2

l3

,7

7

c

8

l

,7

ASIA D

0

0

0

Il

1l

6

l3

9

4

1

0

l

3

2

1

4.9,1

4.97

4;1,1

ASIA A

25

ASIA B
ASIA

I4

MS patients (n)

MS

course:

Remiting - relapsing - RR (n)
Primary progressive - PP

(n)

Sccondary progressive - SP (n)

EDss

BMI, body mass index; S'CI, spinal cord injury; ASIA classification, Intemational Standards lbr Neurological Classifications of Spinal Cord
sclerosis; EDSS, Expanded Disability Status Scale.

MS, multiPle

group: PPBC, P=0.0013; I-QoL, P=0.006; and VAS-TS,

3.2.2l Pad-weight test
Treatment with mirabegron was associated with a clear
numerical tendency toward reduced urine leakage, measured

with 24PWT, whereas we observed a worscning of

Injury2Ó;

P=0.00045,

All

the efficacy variables are summarized in

Table 2 and Figures 1-4.

the

severity of incontinence in the placebo group. The difference

between the groups did not reach statisúcal significance
(P = 0.056). However, a gnostic test showed a significant
difference between the groups, favoring the mirabegrontreated group.

3,2,3 l Patient-reported outcome variables
There were statistically significant differences in all the
patient-reported outcomes, favoring the mirabegron-treated

3.3 l Tolerability and safety
A total of seven AEs were observed in seven patients during
the study (8.97%). The incidence of AEs in the placebo arm
during the double-blind treatment period was 2.94%, andthat
in the mirabegron afin was 6.25%. However, the incidence of
stutly-drug-related AEs in this group was 3.13% (one of 32
patients). There were no statistically significant changes in
any safety variable in either group from baseline until the end

of the treatment period, as shown in Tab]e 3 and Figure 5.
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Rcsults for urodynamic variables. CC, cystomeric

capacity; VFDC, volume at íirst contraction; C, complianc€i

Pdema*,

maximal detrusor pre§srrre; BL, baseline; EoT, end of treatment; P,
statistical significancc asscssed with Kruskal-Wallis tcst; P*,
statistical signiíicance assessed with gnostic test

4 l DIsCUssIoN
The prevalence of traumatic SCI

is

28-31.6/100000 in

Western Europe, and the prevalence of MS is reporled to be
7, | 8
Neurogenic bladder dysfunc20-200/100 000 in Europe.
|

have not advanced significantly over recent decades. Since
the l980s, anticholinergic drugs have remained the first-line
pharmacological treatment for NDO. Although their exact
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tion, including NDO, represents a signiíicant health problem
for the affected individuals and for society. Despite the high
prevalence and severity of this condition, medical treatments
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Results for 24 h pad-weighl test. 24PWT, 24h pad-

weight test; BL, baseline; EoT, end oftreatment; P, statistical

significance assessed with Kruskal-Wallis tcst; P*, statistical
signiťrcance assessed with gnostic test
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nounced and especially problematic in the NDO population,
The exacerbation ofexisting constipation is probably the most
bothersome and often leads to a discontinuation of therapy.

({,

Consequently, finding an alternative to anticholinergic drugs
is highly desirable.
The P3-adrenergic agonist mirabegron was introduced
into the treatment of iOAB in 2OI2.Its safety and efficacy in
the treatment of this condition have been confirmed in a large
number of well-designed studies.2| This is the first prospective, multicenter, randomized, double-blind, placebo-controlled study to assess the efficacy and safety ofmirabegron in
the treatment of NDO.

-

:o-

Mirabegron (50 mg) given
({§^

FIGURE 3
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improved bladder compliance, and strongly tended

Results for patient-reported outcomes. I-QoL, I-QoL

questionnaře; TS-VAS, Tťeaínent Satisfacúon-Visual Analog Scale;

for l month significantly

increased the bladder volume at the first detrusor contraction,

BL,

basclinc; EoT, end of tíeatmcnt; P, stacistical significancc assessed with

Kruskal-Watlis test; P*, státisticai significance assessed with gnostic test

to

increase the cystometric capacity. Similar results have been
reported in a number of studies that compared anticholinergic
drugs with placebos in the same patient population.19
Our study did not show statistically significant improvement of maximal detrusor pressure. The dose-related effect

of

demonstrated

anticholinergics on urodynamic variables in NDO patients
was demonstrated,22 weather the same effect will occur in

Studies that have focused on direct comparisons of different
anticholinergics in the treatment of NDO and dose-finding

determined in future studies.
The 24PWT showed a clear trend in reduced urine leakage
over24 h in the treatmelrt arm compafed with the placebo arm.

mechanism of action remains unclear, their efficacy has been

in placebo-ctlntrolled studies, offering an
appíoximately 30-40%, increase in the cystometric capacity
and a 30-40% reduction in the maximal bladder pressu.e .ln
studies in neurogenic patients have been inconclusive.
Therefore, the agent and its dose that is most effective in
the treatment of NDO is still unclear. Anticholinergic drugs
NDO patients than to
the patient population with iOAB,2() Therefore, the welldescribed anticholinergic adverse effects are more proare often administered at higher doses to

neurogenic patients treated with mirabegron has

to

be

We believe that this c]inical effect is very important because
inconúnence is the most bothersome symptom of NDO, with
the most significant impact on the patient's quality of life,
Our study detected statistically significant improvements
in all the patient-reported outcomes. We speculate that this

improvement is related not only to a lower degree of
incontinence, but also to the very good tolerability of
mirabegron.
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It is noteworthy that many objective variables,

l]

o:

explanation of this observation. We suggest the high dose

r*
l

and long-term use of anticholinergics could lead to
prolongecl tlrug elimination time in our patients, If this is

tnre, a longer wash-out period would probably establish that
the actual effect of mirabegron was even greater than

determined here. Although the tolerability profile of
mirabegron has been shown to be superior to those

L-]
q!\ť B

Results for patient-reported outconres. PPBC, Patient

Perception of Bladder Condition; BL, baseline; EoT, end of

P, statistical significance assessed with Kruskal-Wallis test;
P*, statistical significance assessed witlr gnostic test
treatment;

including

the cystometric capacity, bladder volume at the first
detrusor contraction, bladder compliance, and 24PWT
tended to deteriorate in the placebo arm during the
double-blind study period. We do not have an exact

antimuscarinic drugs, this drug may affect the cardiovascu-

lar system. Hypertension is the most frequently reported

adverse effect of mirabegron, occuning in about 9-10% of
patients treated for iOAB.23 An increased heart rate,
headache, and arrhythmias have also been reporled.24
These cariliovascular effects could prove especially significant in NDO patients because many of them have a
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Results for safety variab|es: blood pressure and pulse

rate. SP, systolic pressure; DP, diastolic pressure; PR, pulse rate;

BL,

baselinc; EoT, cnd of treatment

di§turbance ofthe vegetative innervation. This is especially

prevalent in those with SCI above the T6 level, that is,
above the splanchnic sympathetic outflow. Therefore,
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active treatment. This arose from the ethical issue involving
the patients randomized to the placebo arm, who were without
appropriate treatment for a period of 6 weeks (2 weeks of
placebo during wash-out and 4 weeks of placebo during the
double-blind period). A longer sfudy period would potentially
have had a negative effect on their quality of life and a
possible risk of severe complications. We also found that the
majority of patients who withdrew from their previous
anticholinergic therapy were unwilling to remain without
treatmcnt for a longer period of time. A longer study design
would also probably significantly increase the drop-out rate in
the placebo arm.

5
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The results of this randomized, double-blind, placebo-

řa
fr,)

special attention was paid to monitoring the cardiovascular
system in our study. In this respect, the therapy proved safe,
with only a single palpitation event in a paúent with SCI at
the cervical level. Our data on the cardiovascular safety of
mirabegron are similar to those reported for OAB patients.25
These data strongly §upport the proposition that mirabegron
can be safely used in the treatment of NDO, We also believe
that our data offer a strong foundation for further doseíinding studies in the future.
The main limitation of this study was the short period of
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controlled study show that mirabegron (50 mg) improved

both the urodynamic and patient-reported outcomes in
patients with NDO arising from SCI or MS. Treatment
with mirabegron was tolerated well.
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