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The SJR is a size-independent prestige indicator that ranks

journals by their 'average prestige per article'. It is based on

the idea that 'all citations are not created equal'. SJR is a

measure of scienti�c in�uence of journals that accounts

for both the number of citations received by a journal and

the importance or prestige of the journals where such

citations come from It measures the scienti�c in�uence of

the average article in a journal, it expresses how central to

the global scienti�c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types

of documents are considered, including citable and non

citable documents.

Year Documents

1999 119
2000 115
2001 139
2002 140

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total

number of documents published in that journal. The chart

shows the evolution of the average number of times

documents published in a journal in the past two, three and

four years have been cited in the current year. The two

years line is equivalent to journal impact factor ™

(Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 1999 0.503
Cites / Doc. (4 years) 2000 0.575
Cites / Doc. (4 years) 2001 0.761
Cites / Doc. (4 years) 2002 0.772
Cites / Doc. (4 years) 2003 0.803
Cites / Doc. (4 years) 2004 0.755
Cites / Doc. (4 years) 2005 0.960
Cites / Doc. (4 years) 2006 1.068
Cites / Doc. (4 years) 2007 1.160
Cites / Doc. (4 years) 2008 1.233

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-

citations received by a journal's published documents

during the three previous years.

Journal Self-citation is de�ned as the number of citation

from a journal citing article to articles published by the

same journal.

Cites Year Value

Self Cites 1999 13

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and

external citation per document (i.e. journal self-citations

removed) received by a journal's published documents

during the three previous years. External citations are

calculated by subtracting the number of self-citations from

the total number of citations received by the journal’s

documents.

Cites Year Value

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several countries.

The chart shows the ratio of a journal's documents signed

by researchers from more than one country; that is

including more than one country address.

Year International Collaboration

1999 5.04
2000 8.70

Citable documents  Non-citable documents

Not every article in a journal is considered primary research

and therefore "citable", this chart shows the ratio of a

journal's articles including substantial research (research

articles, conference papers and reviews) in three year

windows vs. those documents other than research articles,

reviews and conference papers.

Documents Year Value

Non-citable documents 1999 0

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows,

that have been cited at least once vs. those not cited

during the following year.

Documents Year Value

Uncited documents 1999 259
Uncited documents 2000 252
Uncited documents 2001 225
Uncited documents 2002 213
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Abstract
Aims: To determine factors for treatment persistence in a 
real-life cohort of adult neurogenic lower urinary tract dys-
function. Methods: We reviewed records of patients with 
neurogenic lower urinary tract dysfunction and mirabegron 
prescriptions. Exclusion criteria were indwelling urethral or 
suprapubic catheters and implanted neurostimulators. We 
extracted demographic data, indication for prescription, 
concomitant use of other agents with possible anticholiner-
gic effect, beta blockers, duration of treatment and reason of 
discontinuation. Results: We included 110 subjects in this 
study. Neurologic diagnoses included multiple sclerosis, Par-
kinson’s disease, and other diagnoses (dementia, paraple-
gia, and tetraplegia). Previous usage of antimuscarinics was 
found in 78 patients (71%). Mirabegron was combined with 
antimuscarinics in 15 patients (14%). Drugs with any anti-
cholinergic activity were taken by 94 subjects (86%). Mirabe-
gron was taken for a median of 497 days and 60 patients 
discontinued the medication within the study period. Main 

reasons of discontinuation were lack of effect (44/110), side 
effects (10/110), and non-reimbursement (6/110). There 
were no differences in mirabegron discontinuation by neu-
rological disease, beta blocker usage, or anticholinergic bur-
den. Conclusions: Mirabegron is continued in more than half 
of patients with neurogenic lower urinary tract dysfunction 
for more than 6 months. Further research is needed to iden-
tify eventual predictive factors. © 2019 S. Karger AG, Basel

Introduction

Adult neurogenic lower urinary tract dysfunction 
(ANLUTD) often leads to overactive bladder symptoms 
such as frequency, urgency, urgency incontinence, and 
nocturia [1, 2]. Oral medical treatment can offer symp-
tomatic relief to patients with multiple sclerosis (MS), 
stroke, Parkinson’s disease, and dementia. ANLUTD 
underlying these symptoms is mainly treated with an-
timuscarinics [3]. These agents have high discontinua-
tion rates in idiopathic overactive bladder as well as 
neurogenic etiology, 57.8% and 32.5% at 1 year, respec-
tively [4]. 
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Mirabegron is the first beta-3 agonist that has been 
approved since 2013 as treatment for overactive bladder 
[5]. The difference in mechanism of action results in a 
lower rate of dry mouth, which is the most prevalent ad-
verse effect. Mirabegron improves cystometric capacity 
and bladder compliance and reduces maximum detrusor 
pressure in neurogenic bladders [6–8]. A recent placebo-
controlled randomized trial of mirabegron in ANLUTD 
reported that mirabegron treatment improves patient-
reported symptoms and quality of life at the end of 
4 weeks therapy [8]. Improved patient compliance and 
persistence with mirabegron have been reported com-
pared to other medications for overactive bladder [9–
12]. However, longer durations of observation have not 
been reported for patients with neurogenic etiology. 
Data are important as ANLUTD require lifelong treat-
ment for the prevention of potentially life-threatening 
complications. The aim of this study is to report long-
term real-life data of mirabegron in patients with neuro-
logical disease and to identify factors for treatment per-
sistence.

Materials and Methods

This is a retrospective study of tertiary care patients of a single 
urological department. The study protocol was approved by the 
hospital Ethics Committee. We included all patients aged ≥18 
years with neurogenic lower urinary tract dysfunction who were 
prescribed mirabegron 50 mg between 2013 and 2017. Individual 
patient records were reviewed to determine eligibility. We exclud-
ed patients with indwelling urethral and suprapubic catheters, im-
planted neurostimulators and no follow-up visits. 

The primary outcome of this study was time to discontinuation 
of mirabegron, which was defined as number of days between the 
first date of prescription and final record of mirabegron intake in 
medical record from any health care provider. Explicit stop or ab-
sence in medication list is coded as mirabegron discontinuation. 
Data extracted were patient demographics, neurogenic disease, co-
morbidities, medication history, prescribing indication, symptom 
improvement, and duration of mirabegron treatment. At follow-
up visits, symptom improvement was assessed by the question 
“When compared to the time you started the treatment, how 
would you rate your symptoms now?” Drugs with anticholinergic 
side effect were recorded according to the Anticholinergic Cogni-
tive Burden scale [13] and a list compiled from a systematic review 
of anticholinergic risk scales [14]. 

Statistical analysis was done using Graphpad Prism 7.0. Con-
tinuous variables were expressed as the mean ± SD, and categorical 
data were expressed as absolute number and percentages in paren-
theses. Continuous variables were compared using the Mann-
Whitney U test. Categorical variables were compared using Fish-
er’s exact test. Differences in survival curves were determined by 
log-rank (Mantel-Cox) test. A 2-sided value of p < 0.05 was con-
sidered statistically significant.

Results

Searching of electronic medical record database iden-
tified 287 patients with adult lower urinary tract dysfunc-
tion and indication for mirabegron in the medical record. 
After applying exclusion criteria, 16 patients had no re-
cord of neurologic disease, 24 patients had indwelling 
catheters and implanted stimulators. Mirabegron was not 
prescribed to 109 patients and 33 patients were lost to 
follow-up. We included 110 subjects for final analysis as 
detailed in Figure 1. 

Patient characteristics are described in Table 1. 
The  most frequent neurologic diagnoses were MS 
(42/110 [38.2%]) and Parkinson’s disease (27/110 
[24.5%]). Prescribing indications were treatment fail-
ures with antimuscarinics, specifically persistent urgen-
cy (40/110), persisting incontinence (52/110) and intol-
erance to side effects (37/110). A minority of patients 
also complained of frequency (27/110), nocturia 
(27/110), and stress urinary incontinence (19/110). All 
patients with residual urine of more than 150 mL 
(10/110) were treated with intermittent catheterization. 
Mirabegron was prescribed in combination with anti-
muscarinics in 15 out of 110 patients (13.6%). Patients 
were concurrently taking one or more medications with 
possible anticholinergic side effects in 94 out of 110 
(85.4%). 

Mirabegron was discontinued by 60 out of 110 patients 
(median duration of intake of 497 days, minimum-max-
imum 3–1,540 days). The reason of discontinuation was 
lack of effect in 44 out of 110 patients, side effects in 10 
out of 110, and non-reimbursement in 6 out of 110. We 

Records identified from initial search
(n = 287)

Indicated for mirabegron treatment
(n = 247)

Analysed (n = 110)

• Not prescribed mirabegron (n = 101)
• Declined mirabegron due to non-reimbursement (n = 8)
• No record of follow-up (n = 33)

• No neurogenic pathology (n = 16)
• Suprapubic/transurethral catheter (n = 23)
• Implanted neurostimulator (n = 1)

Fig. 1. Flow diagram of subjects.
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could not relate to any serious side effects resulting in 
hospitalization or need for intervention to the intake of 
mirabegron in this study population. 

Any symptom improvement is associated with higher 
continuation of mirabegron intake (p < 0.0001). There 
were trends toward a higher rate of urgency and stress 
incontinence in patients continuing mirabegron, al-
though this difference was not enough to be statistically 
significant. There were no differences in discontinuation 
based on the type of neurogenic disease (p = 0.61) or beta 
blockers (p = 0.23; Fig. 2). We found no difference in dis-
continuation by anticholinergic burden both as defined 
by Anticholinergic Cognitive Burden scale (p = 0.75) nor 

total number of drugs with anticholinergic effect (p = 
0.74, data not shown). 

Figure 3 is an example of cystometry results pre- and 
post-treatment. Urodynamic study was performed pri-
or to mirabegron initiation in 44 patients. Maximum 
cystometric capacity was not statistically different be-
tween those continuing and discontinuing mirabe-
gron (329 ± 174 vs. 284 ± 185 mL, p = 0.46). A similar 
outcome was found for the first contraction (226 ± 189 
vs. 197 ± 130 mL, p = 0.6). On follow-up, there was no 
difference in discontinuation between patients who 
performed urodynamics and those who did not (p = 
0.19). 

Table 1. Distribution of patient characteristics by discontinuation of mirabegron

Continued
mirabegron
(n = 50)

Discontinued
mirabegron
(n = 60)

Significant Total
(n = 110)

Gender, n (%)
Female
Male

29 (58)
21 (42)

33 (55)
27 (45)

0.85 62 (56)
48 (44)

Age, years, median (IQR) 62 (42–73) 68.5 (54–74.5) 0.1 66 (47.5–74)
Neurogenic disease, n (%)

MS
Parkinson’s
Dementia
Spinal cord disease
Other

21 (42)
10 (20)

6 (12)
9 (18)
4 (8)

21 (35)
17 (28)

9 (15)
5 (8)
8 (13)

0.4 42 (38)
27 (25)
15 (14)
14 (13)
12 (11)

Reason to start mirabegron†, n (%)
Persisting urgency
Persisting incontinence
Intolerance to side effects of antimuscarinics

14 (28)
22 (44)
17 (34)

26 (43)
30 (50)
20 (33)

0.11
0.57
0.99

40 (36)
52 (47)
37 (34)

Pretreatment symptoms†, n (%)
Urgency
Urgency incontinence
Frequency
Nocturia
Stress incontinence
PVR >150 mL

46 (92)
42 (84)
10 (20)
10 (20)

5 (10)
6 (12)

53 (88)
41 (68)
17 (28)
17 (28)
14 (23)

4 (7)

0.75
0.08
0.38
0.38
0.08
0.33

99 (90)
83 (76)
27 (25)
27 (25)
19 (17)
10 (9)

Concomitant therapy†, n (%)
Previous treatment with antimuscarinics
Combination treatment with antimuscarinics
Any drug with anticholinergic effects
Anticholinergic burden score, median (IQR)
Number of drugs with anticholinergic effect, median (IQR)
Beta blocker treatment

34 (68)
8 (16)

44 (88)
1.5 (0–3)

2 (1–3)
8 (16)

44 (73)
7 (12)

50 (83)
1 (0–3)
2 (1–3)

17 (28)

0.84
0.58
0.59
0.95
0.78
0.17

78 (71)
15 (14)
94 (86)

2 (0–3)
2 (1–3)

25 (22.7)
Symptom response, n (%)

Improved symptoms
No effect or worsening symptoms

38 (76)
12 (24)

16 (27)
44 (73)

<0.01
54
56

† More than one option is possible.
IQR, interquartile range; PVR, post void residual; MS, multiple sclerosis.
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Fig. 2. Kaplan-Meier plots of time to discontinuation of mirabegron by (a) neurogenic disease (Mantel-Cox log-
rank test p = 0.61), (b) anticholinergic burden score (p = 0.75), (c) beta-blocker usage (p = 0.23). MS, multiple 
sclerosis; ACB, Anticholinergic Cognitive Burden.
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Fig. 3. Urodynamic examination in patient with NLUTD due to spinal cord injury (a) pre-treatment with mira-
begron and (b) under combination treatment of mirabegron and solifenacin.

(Figure continued on next page.)
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Discussion/Conclusion

This study revealed that in patients with ANLUTD mi-
rabegron was continued for more than 1 year in 41% of 
patients. These were patients who did not benefit from 
oral antimuscarinic therapy either due to lack of efficacy 
or side effects (Table 1). The most frequent reason for 
discontinuation was lack of effect and side effects. Both of 
these characteristics were similar to antimuscarinic treat-
ment [4, 15]. 

We assessed whether patient factors can predict the 
discontinuation of treatment, including neurologic dis-
ease, total anticholinergic effect of all medications taken, 
and intake of beta blockers. There is no difference in dis-
continuation between the different types of neurologic 
pathology. Patients enrolled in this study have neurogen-
ic etiology, which frequently necessitates concomitant 
medications with varying anticholinergic effect. Longer-
term clinical data has shown that anticholinergics initial-
ly alleviate symptoms; however, a subset of patients sub-
sequently discontinue with lack of efficacy being the most 
frequent reason [4]. In elegant animal studies, chronic 
administration of anticholinergics show similar initial re-

duction in voids, which normalized at 4 weeks along with 
reduced expression of M3 receptors [16, 17]. We hypoth-
esized that overall anticholinergic effects of all medica-
tions taken in our patient population may determine re-
sponse to mirabegron treatment. Two separate methods 
for quantifying anticholinergic use were used but no cor-
relation with mirabegron treatment persistence was iden-
tified by either method [13, 14]. Finally, theoretical inter-
ference of beta-blockers such as metoprolol on the beta-3 
receptor was considered. However, we found no statisti-
cally significant difference in persistence with mirabe-
gron treatment (p = 0.23) [18]. 

The second most frequent reason for discontinuation 
was the prevalence side effects [19]. The favorable side ef-
fect profile of mirabegron compared to antimuscarinic 
agents has been demonstrated both in an idiopathic as 
well as in a neurogenic overactive bladder [5, 8, 9]. Lastly, 
discontinuation due to improvement of symptoms has 
also been reported [19]. Fluctuating symptoms is a fea-
ture of certain types of MS, which was the most frequent 
condition found in our study [20].

The cost of medication is an important factor in treat-
ment choice and decision for discontinuing overactive 
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bladder medications [19]. Within the national health care 
system, no oral medications are reimbursed for overac-
tive bladder. In cases of neurogenic etiology, botulinum 
toxin is reimbursed. Cost to patients for mirabegron is 
similar to M-3 selective antimuscarinics and twice the 
price of nonselective antimuscarinics. 

Currently available treatment options for overactive 
bladder symptoms have similar limitations in long-term 
results. Oral pharmacotherapeutic options are character-
ized by low long-term persistence of < 40% at 12 months 
for antimuscarinics [15, 21, 22]. The discontinuation rate 
of mirabegron is reported as similar or lower compared 
to antimuscarinics, irrespective of previous antimusca-
rinic treatment [23]. As alternative to oral treatment, in-
tradetrusor injection of botulinum toxin is efficacious in 
patients willing to perform intermittent catheterization 
[24]. In our previously reported experience, 55% of pa-
tients treated with onabotulinumtoxin-A discontinued 
with a mean follow-up of 35 months [25]. Separately, 
Joussain et al. [26] reports the persistence of botulinum 
toxin treatment as high as 80.6% at 3 years and 60.8% at 
7 years. Patients failing to benefit from one treatment op-
tion may still benefit from another agent with the same or 
a different mechanism of action. These observations 
point to possible subpopulations that are not identifiable 
by current investigation methods.

Our study has several strengths. First, patients in-
cluded have characteristics that commonly exclude 
them from previously available clinical trial outcomes 
data. Second, longer term follow-up is important in the 
care of chronic disease and prevention of possibly life-
threatening complications. Finally, the electronic medi-
cal record system was connected to other hospitals with-
in the community network. However, we acknowledge 
the limitations of our study. We excluded 33 patients 
due to lack of follow-up, which may result in the over-
estimation of the persistence rate. Symptom assessment 
was not standardized but was based on history taking by 
the urologist. Invasive urodynamic examinations were 
not standard for our patient cohort. If uroflow and post-
void residual did not show significant abnormalities, 
cystometry was not routinely performed. Repeat urody-
namic studies were performed in cases where patients 
considered botulinum toxin or other invasive treat-
ments. Despite these limitations, we believe that this 
group of patients demonstrated long-term benefit from 
mirabegron treatment. Further research should focus to 
identify predictive factors for treatment benefit and pos-
sible role of mirabegron as first-line alternative to anti-
muscarinic therapy.

In conclusion, Mirabegron is a long-term treatment 
option for patients with neurogenic lower urinary tract 
dysfunction not suitable for antimuscarinics. Based on 
available characteristics, it is not possible to predict which 
patients will continue treatment. 
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