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Background. This study aimed to assess the efficacy of mirabegron (50 mg daily) as a medical expulsive therapy for ureteral stones
in adults. Materials and Methods. We searched PubMed, Embase, Cochrane Library, and Web of Science from inception to July
2021 to collect the clinical trials. Two reviewers independently screened literature, extracted data, and assessed the risk of bias of
included studies by using the Cochrane risk of bias tool. Review Manager 5.3 software was used for the meta-analysis. Results. A
total of four studies were included, involving 398 patients: 197 patients in mirabegron group and 201 patients in control group. The
meta-analysis showed that the stone expulsion rate was higher in the mirabegron group than in the control group (OR: 2.12; 95%
CI: 1.33 to 3.40; p = 0.002). Subgroup analysis identified that the stone expulsion rate of patients with stone size <5/6 mm was
significantly higher than that of patients with stone size >5/6 mm (OR: 0.31; 95% CI: 0.13 to 0.72; p = 0.006). But no significant
difference was identified between the mirabegron group and the control group for the stone expulsion interval (MD: -1.16, 95%
CI: —-3.56 to 1.24; p = 0.35). In terms of pain episodes, the mirabegron group was significantly lower than that of the control group
(MD: —0.34, 95% CI: —0.50 to 0.19; p <0.0001). Conclusions. The medical expulsive therapy with mirabegron had a significant
effect in improving the stone expulsion rate for patients with ureteral stones, especially in those whose stone size <5/6 mm.

Mirabegron had no effect on the stone expulsion interval but did decrease the pain episodes.

1. Introduction

Urolithiasis was a primary health problem in all countries,
and its prevalence has been increasing for decades [1]. When a
patient is diagnosed with ureteral stones, treatment may
include observation, shock wave lithotripsy (SWL), drainage,
or ureteroscopy, depending on the clinical characteristics of
the stone [2]. However, as the size of the stone increased and
the position of the stone changed, the possibility of sponta-
neous stone expulsion gradually decreased [3, 4].

If the condition of the patient did not require active
treatment, the latest international guidelines recommended the
use of medical expulsive therapy to increase the chance of
spontaneous stone passing, and ultimately that may avoid
surgical treatment [5, 6]. Multiple experiments have found f33

adrenergic receptors in the ureteral wall and bladder wall and
reported that stimulation of these receptors can relax the ureter
and bladder [7, 8]. Mirabegron, as a 33 adrenergic receptor
agonist, is currently widely used to treat overactive bladder [9].
In the past decades, there were no meta-analyses evaluating
mirabegron in medical expulsive therapy for ureteral stones in
which the stone size was <5/6 mm and >5/6 mm. Therefore, the
aim of this meta-analysis was to evaluate the efficacy of mir-
abegron (50 mg daily) in medical expulsive therapy for ureteral
stones in adults.

2. Materials and Methods

2.1. Literature Search Strategy. This study has been reported
in line with Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) guidelines [10].
However, the review protocol was not registered in any
public registry. To identify published and unpublished trials,
we used electronic databases including PubMed (inception
to July 2021), Embase (inception to July 2021), Cochrane
Library (inception to July 2021), and Web of Science (in-
ception to July 2021) without language or date restrictions.
The following keywords were used in the databases just cited:
mirabegron, beta-3 adrenergic agonist, medical expulsive
therapy, ureteral stones, urolithiasis, and ureteral calculi.

2.2. Study Selection Criteria. Studies selected for the meta-
analysis met the following inclusive criteria: (1) clinical trial
comparing the efficacy of mirabegron in medical expulsive
therapy for ureteral stones with control; and (2) complete
data available for analysis. The exclusion criteria were as
follows: (1) studies without available data; (2) studies with
duplicated data; (3) studies updated in subsequent publi-
cations; and (4) studies without merging analysis data.

2.3. Data Abstraction. Two authors independently carried
out literature screening, evaluation, and data extraction, and
all disagreements were discussed and decided by the third
author. The extracted content included the first author, the
year of publication, study area, date of study, the number of
patients in each group, follow-up time, treatment, dosage,
eligibility criteria, stone expulsion rate, stone expulsion
interval, and pain episodes.

2.4. Assessment of Risk of Bias and Statistical Meta-Analysis.
We used the Cochrane risk of bias tool to assess potential
types of bias [11]. The risk of bias in each field will be divided
into “low risk,” “unclear risk,” and “high risk” according to
the actual situation [11]. The statistical analyses were
completed with Review Manager 5.3 software. All the var-
iables that were available in more than one study were
synthesized. Dichotomous variables were presented as the
odd risk (OR) with a 95% confidence interval (CI), whereas
continuous variables were expressed as the mean difference
(MD) with a 95% CI. The quantity of the statistical het-
erogeneity was tested by the I* statistic. I°>50% was
regarded as the presence of heterogeneity, and then explored
the source of heterogeneity; if required, the random-effects
model was conducted for meta-analysis. When heteroge-
neity was considered to be low (P <50%), a fixed-effects
model was used for analysis. During the analysis, we only
found that the stone expulsion interval had high hetero-
geneity (I = 66%) and, in this case, a random-effects model
was adopted. Because only 2 included studies were included
in this particular analysis, it was not possible to explore the
source of heterogeneity.

3. Results

3.1. Study Characteristics. Following a screening of the
available databases, 405 potentially relevant publications
were identified. Ultimately, 4 clinical trials [12-15] were
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selected for the study, including 197 cases of mirabegron
and 201 cases of control, to assess the effectiveness of
mirabegron in medical expulsive therapy for ureteral
stones. A flow diagram detailing the literature selection
process is shown in Figure 1. The characteristics of these 4
trials are listed in Table 1, and the risk of bias is shown in
Figure 2.

3.2. Stone Expulsion Rate. Four articles, collecting 398 cases
(197 in the mirabegron group and 201 in the control group)
were involved in the research for the stone expulsion rate.
The forest plots reflected an OR of 2.12 (95% CI: 1.33 to 3.40;
P = 0.002). The results revealed that the stone expulsion rate
was significantly higher in the mirabegron group compared
with the control group for patients with ureteral stones
(Figure 3). Subgroup analysis identified that there was a
marked difference between stone size <5/6 mm and stone
size >5/6mm in the stone expulsion rate (P = 0.04,
I =76.4%) (Figure 4).

3.2.1. Stone Size >5/6 mm. Three articles, collecting 153
cases (75 in the mirabegron group and 78 in the control
group), were involved in the research for the stone expulsion
rate. The forest plots reflected a OR of 1.10 (95% CI: 0.56 to
2.16, P =0.77), which revealed that there was no marked
difference between the mirabegron group and the control
group in the stone expulsion rate for patients with stone size
>5/6 mm (Figure 4).

3.2.2. Stone Size <5/6 mm. Three articles, collecting 120
cases (60 in the mirabegron group and 60 in the control
group), were involved in the research for the stone expulsion
rate. The forest plots reflected an OR of 3.51 (95% CI: 1.47 to
8.36, P = 0.005), which revealed that the stone expulsion rate
was significantly higher in the mirabegron group compared
with the control group for patients with stone size <5/6 mm
(Figure 4).

3.2.3. Stone Size >5/6 mm vs Stone Size <5/6 mm. Three
articles, collecting 135 cases (75 in stone size >5/6 mm and
60 in stone size <5/6 mm group), were involved in the re-
search for the stone expulsion rate. The forest plots reflected
an OR 0f 0.31 and a 95% CI 0f 0.13 to 0.72 (P = 0.006), which
revealed that mirabegron had a significant effect in im-
proving the stone expulsion rate for the patients with
ureteral stones, especially in the stone size <5/6 mm
(Figure 5).

3.3. Stone Expulsion Interval. Two articles, collecting 183
cases (90 in the mirabegron group and 93 in the control
group), were involved in the research for stone expulsion
interval. The forest plots reflected a MD of —1.16 and a 95%
CI of —=3.56 to 1.24 (P = 0.35). The results revealed that there
was no marked difference between the mirabegron group
and the control group in the stone expulsion interval for
patients with ureteral stones (Figure 6).
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FIGURE 1: PRISMA of selection process.
TaBLE 1: The details of each included study.
Treatment Sample size Follow- Date
Stud Country Study design Dosage u of Eligibility criteria
Y R ¥ ceste Experimental Control Experimental Control & p er?o d study gy
Patients with stones
. Apr smaller than 10 mm
Mehmet Turkey Retrospective Mirabegron Control 34 34 50 mg/ 15 days 2017 that were located in
S (2019) study day to Jan -
2018 the intramural
ureteral segment
Patients aged 18-75
Géksel B 50 ma/ 21(1)111}7 years were scheduled
Turkey RCT Mirabegron Control 62 63 & 4 weeks to undergo
(2019) day to Aug
ureteroscopy for
2018
ureteral stones
Patients had ureter
Goksel B . 50 mg/ stones in size
(2020) Turkey RCT Mirabegron Control 56 59 day 4 weeks NA between 4 and
10 mm
Dec  Patients aged 18-65
Qing T . . 50 mg/ 2019  years were diagnosed
(2021) China RCT Mirabegron Control 45 45 day 4 weeks to Nov  as distal ureteral
2020 stones <10 mm

RCT, randomized controlled trial; NA, not available.
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FIGURE 2: Risk of bias summary.

Mirabegron Control Weight Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total (%) M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Goksel B 2019 59 62 49 63 9.6 5.62 [1.53,20.68] 2019
Mehmet S 2019 25 34 16 34 17.3 3.13[1.13, 8.64] 2019 -
Goksel B 2020 31 56 31 59 55.1 1.12 [0.54, 2.33] 2020 ——
Qing T 2021 39 45 33 45 18.0 2.36 [0.80, 6.99] 2021 T =
Total (95% CI) 197 201 100.0  2.12[1.33,3.40] <>
Total events 154 129
Heterogeneity: Chi® = 5.65, df = 3 (P = 0.13); I = 47% : ‘ ‘ !
Test for overall effect: Z = 3.14 (P = 0.002) 0.01 0.1 1 10 100
Control Mirabegron

FIGURE 3: Results in stone expulsion rate between the mirabegron group and the control group.

3.4. Pain Episodes. Four articles, collecting 398 cases (197 in
the mirabegron group and 201 in the control group), were
involved in the research for the pain episodes. The forest
plots reflected a MD of -0.34 (95% CI: —0.50 to —0.19,
P <0.0001), which revealed that the mirabegron group had a
less pain episodes than the control group (Figure 7).

4. Discussion

Ureteral stones are the most typical symptom of urolithiasis.
Clinically, the spontaneous excretion rate of ureteral stones
with a size of 5-10 mm was 25% to 51%, and the spontaneous
excretion rate of ureteral stones smaller than 5 mm was 71%
to 98% [16, 17]. Due to the role of medical expulsive therapy
in alleviating stone-related symptoms and promoting stone
excretion, many studies have strongly recommended this
method to increase stone clearance [18, 19]. Recently,
multiple clinical trials reported that mirabegron could be
used as medical expulsive therapy by stimulating f3

adrenoceptor to relax the ureteral, which may provide a new
idea for the medical expulsive therapy of ureteral stones.
The purpose of the meta-analysis was to evaluate the
efficacy of mirabegron as a medical expulsive therapy for
ureteral stones in adults. The analysis discovered that the
stone expulsion rate was higher in the mirabegron group
than in the control group (P = 0.002). Subgroup analysis
identified that the stone expulsion rate of patients with stone
size <5/6 mm was significantly higher than that of patients
with stone size >5/6 mm (P = 0.006). But no significant
difference was identified between the mirabegron group and
the control group for the stone expulsion interval (P = 0.35).
In terms of pain episodes, the mirabegron group was sig-
nificantly lower than that of the control group (P <0.0001).
B3 adrenoceptor agonists have been used as a new drug
for the treatment of overactive bladder, and have shown
expected therapeutic effects [20]. The functional expression
of 3 adrenoceptors in the ureter has been confirmed, and it
has been found that this receptor may have an effect in
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Study or Subgrou Mirabegron Control Weight Odds Ratio Odds Ratio

Y group Events Total Events Total (%) M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
1.2.1 Stone size > 5/6 mm
Mehmet S 2019 11 18 7 17 17.3 2.24[0.58, 8.69] 2019 —
Goksel B 2020 15 34 20 40 63.5 0.79 [0.32, 1.98] 2020
Qing T 2021 19 23 17 21 19.1 1.12 [0.24, 5.17] 2021 %
Subtotal (95% CI) 75 78  100.0 1.10 [0.56, 2.16]
Total events 45 44
Heterogeneity: Chi? = 1.57, df = 2 (P = 0.46); > = 0%
Test for overall effect: Z =0.29 (P = 0.77)
1.2.2 Stone size < 5/6 mm
Mehmet S 2019 14 16 9 17 19.1 6.22 [1.07,36.21] 2019 —_—
Goksel B 2020 16 22 11 19 56.5 1.94 [0.52,7.17] 2020 —
Qing T 2021 20 22 16 24 24.4 5.00[0.93,26.91] 2021 L e
Subtotal (95% CI) 60 60  100.0 3.51[1.47, 8.36] .
Total events 50 36
Heterogeneity: Chi? = 1.37, df = 2 (P = 0.51); I* = 0%
Test for overall effect: Z = 2.83 (P = 0.005)

0.01 0.1 1 10 100

Test for subgroup differences: Chi? =4.24,df =1 (P = 0.04); I> = 76.4% Control Mirabegron

FIGURE 4: The subgroup analysis of stone expulsion rate between the mirabegron group and the control group base on stone size <5/6 mm
and >5/6 mm.

Study or Suberou Stone size > 5/6 mm Stone size < 5/6 mm Weight Odds Ratio Odds Ratio
Y 8TOUP Byents Total  Events Total (%) M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Mehmet S 2019 11 18 14 16 28.6 0.22 [0.04, 1.30] 2019 -
Gokel B 2020 15 34 16 22 53.8 0.30 [0.09, 0.94] 2020 =
Qing T 2021 19 23 20 22 17.6 0.47 [0.08, 2.90] 2021
Total (95% CI) 75 60 100.0 0.31[0.13,0.72] -
Total events ) 45 R 50 X , , |
Het ity: Chi® = 0.35,df =2 (P = 0.84); [ = 0% N ! ) ;
coroseney: ( ) ° 0.005 0.1 1 10 200

Test for overall effect: Z = 2.72 (P = 0.006) Stone size < 5/6 mm  Stone size > 5/6 mm

FIGURE 5: The stone expulsion rate of stone size <5/6 mm vs stone size >5/6 mm in the mirabegron group.

Study or Sub Mirabegron Control Weight Mean Difference Mean Difference
tudy Or SUDGTOUP  Nfean  SD Total Mean  SD Total (%) IV, Random, 95% CI Year IV, Random, 95% CI
Mehmet S 2019 7.64 397 34 7.68 3.04 34 546 -0.04 [-1.72, 1.64] 2019
Goksel B 2020 98 47 56 123 73 59 454  -2.5[-4.73,-0.27] 2019 Ll
Total (95% CI) 90 93 100.0 -1.16[-3.56, 1.24]
Heterogeneity: Tau® = 2.01; Chi? = 2.98, df = 1 (P = 0.08); I* = 66% ! ' ' ! '
Test for overall effect: Z =0.94 (P = 0.35) -10 -5 0 5 10
Control Mirabegron

FIGURE 6: Results in stone expulsion interval between the mirabegron group and the control group.

Study or Suberou Mirabegron Control Weight  Mean Difference Mean Difference
Y BTOUP Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Goksel B 2020 12 1 62 16 1.1 63 184 —-0.40[-0.77,-0.03] 2019 -
Mehmet S 2019 1.02 052 34 129 057 34 37.1 —0.27 [-0.53,-0.01] 2019 -
Goksel B 2020 223 1.8 56 327 21 59 49 -1.04[-1.75,-0.33] 2020 —
Qing T 2021 13 05 45 1.6 07 45 395 -0.30 [-0.55,-0.05] 2021 -
Total (95% CI) 197 201 100.0 -0.34 [-0.50, -0.19] ¢
Heterogeneity: Chi? = 4.17, df = 3 (P = 0.24); I> = 28% ’4 2 ] 2 i

Test for overall effect: Z = 4.26 (P < 0.001)

Control Mirabegron

FIGURE 7: Results in pain episodes between the mirabegron group and the control group.



ureteral peristalsis and other ureteral functions [7, 21]. One
study confirmed f1-3 adrenoceptors were located in the
smooth muscles and urothelial cells of the upper, middle,
and lower ureters, where 52 and f33 adrenoceptors were
especially responsible for regulating the relaxation of the
ureteral wall [8]. Michel et al. reported that 33 adrenoceptor
agonists played a relaxing role by regulating the function of
the urinary tract epithelium, thus indirectly affecting muscle
tone, which findings were similar to those reported in
bladder [22]. Tomiyama et al. found that 8 adrenoceptor
agonist significantly lowered the intraurethral pressure
caused by acute ureteral obstruction and increased the
urinary flow of experimental animals [23]. Shen et al.
identified that the obstruction of ureteral stones led to a
decrease in the number of 33 adrenergic receptors in the
lumen, which resulted in the contraction of ureteral smooth
muscle, but the number of 2 receptors remained stable [7].
Yalcin et al. observed that f-adrenergic receptor agonists
inhibited the contraction of ureteral smooth muscle and
dilated the ureter by reducing the frequency of peristalsis of
the ureteral smooth muscle [24]. In addition, Shimamoto
et al. found that the number of 83 receptors in the dilated
distal ureter was obviously less than that in the normal ureter
[7]. These studies supported our findings that 3-adrenergic
receptor agonists could be a new treatment for ureteral
stones.

There were many factors that affected the spontaneous
excretion of ureteral stones, mainly including the location of
the stones, the size of the stones, the number of stones,
mucosal edema, and ureter spasm [25]. Because of these
factors, we can relieve the ureteral mucosal edema and
ureteral spasm with drugs, thereby improving the sponta-
neous excretion of stones [26]. In our study, compared with
the control group, the use of mirabegron significantly im-
proved the stone removal rate of stones size less than 5 mm
(60% vs 83%). In addition, when the stone adhered to the
wall of the distal ureteral tube, it exhibited symptoms very
similar to the symptoms of overactive bladder syndrome
[14]. In order to alleviate such symptoms and increase the
rate of stone clearance, many pharmacologic agents such as
adrenergic blocker and antimuscarinics were used [27, 28].
During the clinical practice of mirabegron in treating
overactive bladder, researchers also found some adverse
reactions, including dry mouth, constipation, acute urinary
retention, tachycardia, and urinary tract infection [20].
However, the occurrence of these adverse events was similar
to that of the control group, which also showed that the
patient tolerated the drug well.

There are some limitations of our study: (1) the inclusion
and exclusion criteria, sample size, and experimental design
of each study were different, which may lead to high het-
erogeneity of some outcomes; (2) there were only four
studies that meet the standards; (3) some studies did not
provide complete and detailed information of outcomes and
complications; (4) most of the studies only provided short-
term follow-up data, no mid and long-term follow-up data,
and it was impossible to compare the mid and long-term
effects of mirabegron in medical expulsive therapy for
ureteral stones; (5) the grey literature on this topic has not

International Journal of Clinical Practice

been explored, which was also a limiting factor affecting this
study; and (6) due to the small number of included studies,
we did not analyze the source of heterogeneity in stone
expulsion interval. Overall, MET with mirabegron had a
significant effect in improving the stone expulsion rate for
the patients with ureteral stones, especially with a stone size
of <5/6 mm. Mirabegron had no effect on the stone ex-
pulsion interval but did decrease the pain episodes.
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