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Objective: To systematically review and quantitively evaluate the efficacy and 
safety of mirabegron as a medical expulsive therapy for ureteral stones.

Methods: We performed an extensive search of the EMBASE and PubMed databases 
for studies examining the use of mirabegron as a medical expulsive therapy for 
ureteral stones. The primary outcome measure assessed was the stone expulsion rate 
(SER), while the secondary outcomes evaluated were the stone expulsion interval (SEI) 
and the occurrence of pain episodes during follow-up. Risk ratios (RRs) and mean 
differences (MDs) with their respective 95% CIs were calculated.

Results: We included a total of seven studies involving 728 participants. Our analysis 
revealed a significant increase in the stone expulsion rate (SER) with mirabegron 
(RR  =  1.40; 95% CI  =  1.17–1.67; p  <  0.001) and a reduction in the frequency of 
pain episodes (MD  =  −0.80; 95% CI  =  −0.39 to −0.21; p  =  0.008) compared to the 
control group. No significant difference was found in SEI between the two groups 
(MD  =  −3.04; 95% CI  =  −6.33 to 0.25; p  =  0.07). Subgroup analysis revealed that 
the increased SER was significant for distal ureteral stones, but not for proximal 
and middle ureter stones. Compared to tamsulosin or silodosin, mirabegron 
showed no significant difference in SER, SEI, or pain episode frequency. The 
adverse effects of mirabegron were relatively rare and mild.

Conclusion: Mirabegron appears to be a promising candidate for the MET of distal 
ureteral stones rather than proximal and middle ureteral stones, as it significantly 
increases SER and reduces pain episode frequency. Further well-designed 
randomised controlled trials are needed to validate and affirm these findings.

Systematic Review Registration: PROSPERO (CRD42022341603).
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Introduction

Urolithiasis is a common disease of the human urinary system and imposes a substantial 
burden on the healthcare system. The reported incidence rate varies from 1% to 10% worldwide 
(1). Stones within the ureters can cause severe pain and may lead to complications such as acute 
kidney injury, infections, and septic shock if left untreated, posing a significant threat to patient 

OPEN ACCESS

EDITED BY

Piergiorgio Messa,  
University of Milan, Italy

REVIEWED BY

Panagiotis Mourmouris,  
National and Kapodistrian University of Athens,  
Greece
Daniel Turudic,  
University Hospital Center Zagreb, Croatia

*CORRESPONDENCE

Jianxing Li  
 lijianxing2015@163.com  

Meng Fu  
 fma01260@btch.edu.cn

RECEIVED 21 August 2023
ACCEPTED 18 December 2023
PUBLISHED 05 January 2024

CITATION

Song H, Liang L, Liu H, Liu Y, Hu W, Zhang G, 
Xiao B, Fu M and Li J (2024) Mirabegron for 
medical expulsive therapy of ureteral stones: a 
systematic review and meta-analysis.
Front. Med. 10:1280487.
doi: 10.3389/fmed.2023.1280487

COPYRIGHT

© 2024 Song, Liang, Liu, Liu, Hu, Zhang, Xiao, 
Fu and Li. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms.

TYPE Systematic Review
PUBLISHED 05 January 2024
DOI 10.3389/fmed.2023.1280487

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2023.1280487&domain=pdf&date_stamp=2024-01-05
https://www.frontiersin.org/articles/10.3389/fmed.2023.1280487/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1280487/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1280487/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1280487/full
mailto:lijianxing2015@163.com
mailto:fma01260@btch.edu.cn
https://doi.org/10.3389/fmed.2023.1280487
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2023.1280487


Song et al. 10.3389/fmed.2023.1280487

Frontiers in Medicine 02 frontiersin.org

health and placing an economic burden on patients (2). The current 
primary treatment options for ureteral stones are medical expulsion 
therapy (MET), extracorporeal shockwave lithotripsy (ESWL), and 
endoscopic surgery. MET is recommended as a treatment option for 
distal ureteral stones measuring 5–10 mm in most clinical guidelines 
(3). MET promotes relaxation of smooth muscles in the urinary tract, 
thereby facilitating the passage of stones. The most widely 
recommended and used medications for this purpose are α-adrenergic 
antagonists, such as tamsulosin (4, 5).

Mirabegron, a β3-adrenergic receptor (β3-AR) agonist, alleviates 
overactive bladder symptoms by inducing bladder smooth muscle 
relaxation (6–8). Some studies have suggested that β3-AR is also 
expressed in the smooth muscle and urothelium of the human ureter 
(6, 9). Recent studies revealed that mirabegron has potential 
applications in the MET of ureteral stones, providing a novel 
alternative to traditional medications (10–17). However, the current 
evidence remains controversial and has not been comprehensively 
evaluated. This study aimed to summarise existing studies that 
systematically evaluated the effectiveness and safety of mirabegron in 
the MET of ureteral stones.

Methods

The review protocol was registered on PROSPERO (CRD42022341603) 
in accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (18).

Search strategy and study selection

The EMBASE and PubMed databases were systematically 
searched in order to identify all eligible clinical studies published prior 
to February 2023 with no language limitation. MeSH terms and 
keywords (mirabegron, β3-adrenergic receptor agonists, ureteral 
stones, and medical expulsive therapy) were utilized to search for 
related articles in the databases (Supplementary material).

Two reviewers (HS and LL) independently screened each article 
identified through electronic searches for relevance, initially by 
evaluating the title and abstract, followed by reading the full-text to 
select articles that met the inclusion criteria. Duplicate articles were 
removed. A comprehensive record of the selection process was 
maintained, and a PRISMA flowchart was generated (Figure 1).

Inclusion and exclusion criteria

Only randomised controlled trials (RCTs) were included in this 
study. Studies were included if they met all the following criteria. (1) 
Population: patients diagnosed with ureteral stones who met the 
criteria of MET. (2) Intervention: the test group received oral 
mirabegron as MET. (3) Comparators: patients who received other 
non-mirabegron pharmacological treatments (e.g., diclofenac, 
tamsulosin, silodosin, etc.) were considered comparators. (4) 
Outcomes: the primary outcome was the stone expulsion rate (SER). 
Secondary outcomes included the stone expulsion interval (SEI) and 
pain episodes during follow-up. The exclusion criteria were as follows. 
(1) Non-randomised controlled trials (e.g., observational studies, 
retrospective studies, and case reports). (2) Studies that did not report 

key outcome measures or those with incomplete or unextractable 
relevant data. (3) Duplicate publications or studies with overlapping 
data from other included studies. (4) Reviews, expert opinions, 
and guidelines.

Data extraction

An Excel worksheet was designed for data extraction. Two 
independent researchers (HL and WH) extracted data from all eligible 
studies and any disagreements were resolved through group discussions. 
The following information was included in the data collection form: 
author, publication date, country, sample size, treatment and 
comparator, study duration, stone location, and stone size.

Quality assessment

The risk of bias in this study was assessed independently by two 
authors (LL and HS) using the Cochrane Risk of Bias (RoB) tools 2.0 
(19) across several domains, including the randomisation process, 
deviations from intended interventions, missing outcome data, 
measurement of the outcome, and selection of the reported result. Any 
discrepancies between the reviewers were resolved through discussion 
involving a third investigator (HL). Each domain was assigned a rating 
of “low,” “some concerns,” or “high.” The overall risk of bias for each trial 
was determined based on the domain with the highest attributed risk.

Statistical analysis

The effect size was evaluated using different methods depending 
on the type of outcome. For dichotomous outcomes, the risk ratio 
(RR) was computed, while for continuous outcomes, the mean 
difference (MD) was calculated. Both measures were accompanied by 
95% confidence intervals (CIs). Statistical heterogeneity among the 
included studies was assessed using Cochran’s Q test and I2 statistic, 
with heterogeneity defined as I2 > 50% or p < 0.05. τ2 was also calculated 
to assess the between-study heterogeneity variance. In cases where no 
heterogeneity was present, a fixed-effects model was used to pool the 
effect size. Otherwise, a random-effects model was employed.

The robustness of the meta-analysis results was assessed through 
sensitivity analysis, which aimed to identify the potential impact of 
individual studies on the overall effect size. Quantitative assessment 
of publication bias was conducted using funnel plots and Egger’s 
regression tests. All statistical analyses were carried out using Review 
Manager software (RevMan, version 5.4.1, Cochrane Collaboration, 
2020) and STATA software (Version 14, STATA Corporation, College 
Station, TX, United States).

Results

Characteristics of included studies and 
quality assessment

Figure 1 illustrates the flowchart outlining the selection process. 
A total of seven studies, meeting the pre-established inclusion criteria, 
were selected for the meta-analysis. These studies comprised 361 
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patients in the mirabegron treatment group and 367 patients in the 
control group. In all the mirabegron treatment groups, a standardized 
dosage of 50 mg per day was administered. The follow-up period 
varied between 4 and 30 days. Table 1 presents a summary of the key 
characteristics of the included studies.

The results of the assessment of risk of bias (RoB) for each study 
are presented in Figure 2. Among the included studies, only one was 
determined to have a high RoB, three studies demonstrated a moderate 
RoB, and one studies were deemed to have a low RoB. The most 
frequently observed sources of potential bias in these studies were 
related to the randomization process and the selection of reported 
results. A subsequent sensitivity analysis was conducted, which 
revealed that excluding the high-risk studies did not have a significant 
impact. As a result, all studies were included in the final analysis.

SER

A total of seven studies, involving 728 participants (361 in the 
mirabegron group and 367 in the control group), provided data on the 
SER for the mirabegron treatment compared to the control group. A 

random effects model was used to calculate the RR with 95% CI, 
taking into account a significant heterogeneity (Q = 14.31, p = 0.03; 
I2 = 58%; τ2 = 0.03). The analysis revealed that mirabegron treatment 
significantly increased the SER compared to the control group 
(RR = 1.40; 95% CI =1.17–1.67; p < 0.001) (Figure  3A). Further 
analysis, where each study was excluded sequentially from the analysis 
and the pooled RR was recalculated, consistently supported the initial 
findings (Supplementary Figure S1A). This indicates the stability of 
the meta-analysis results concerning the SER outcomes.

In order to examine potential variations in the efficacy of 
mirabegron treatment based on the location of ureteral stones, a 
subgroup analysis was conducted to compare proximal and 
mid-ureteral stones with distal ureteral stones. Only one study 
included data on SER for patients with proximal and mid-ureteral 
stones. This study reported that mirabegron treatment did not have a 
significant effect on the SER when compared to the control group 
(RR = 0.99; 95% CI = 0.58–1.70; p = 0.98). In contrast, for patients with 
distal ureteral stones, the analysis demonstrated a significant increase 
in the SER with mirabegron treatment compared to the control group 
(RR = 1.42; 95% CI = 1.19–1.69; p < 0.001). Figure 4 presents a forest 
plot illustrating these findings.

FIGURE 1

Flowchart outlining the selection process.
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SEI

A total of five studies, involving 542 cases (268  in the 
mirabegron group and 274 in the control group), were included 
in the analysis of SEI. Using a random effects model, the forest 
plots displayed a pooled mean difference (MD) of −3.04 (95% 
CI = −6.33 to 0.25; p = 0.07) (Figure  3B). There were no 
significant differences observed in SEI between the two groups. 
However, the results indicated a high degree of heterogeneity 
across the studies (Q = 138.25, p < 0.001; I2  = 97%; τ2 = 12.83). 
Notably, the sensitivity analysis, which systematically excluded 
each study one by one, produced consistent results with the 
overall findings (Supplementary Figure S1B), providing evidence 
of result stability.

Frequency of pain events during MET

Five articles describing pain episodes including 555 cases 
(276  in the mirabegron group and 279  in the control group) 
were included. The pooled MD with 95% CIs was computed 
using the random effects model because of high heterogeneity 
(Q = 49.58, p < 0.001; I2  = 92%; τ2 = 0.37). The analysis 
demonstrated a significant decrease in the frequency of pain 
events during stone expulsion in the mirabegron group when 
compared to the control group (MD = −0.80; 95% CI = −0.39 to 
−0.21; p = 0.008). Figure  3C presents a forest plot depicting 
these results. The sensitivity analysis consistently supported the 
overall findings, indicating the stability of the results 
(Supplementary Figure S1C).

TABLE 1 Characteristics of included studies.

Author Year Country Study 
design

Sample size Intervention Duration Stone 
location

Stone 
size

Test Control Test Control

Bayar (11) 2020 Turkey RCT 56
Control: 59; 

silodosin: 54

Mirabegron 

(50 mg/day)

Control; silodosin 

8 mg/day
4 weeks

Proximal, 

middle and 

distal ureter

4–10 mm

Chatterjee 

(12)
2021 India RCT 50 50

Mirabegron 

(50 mg/

day) + diclofenac 

(50 mg twice/day 

for initial 5 days)

Diclofenac 50 mg 

twice/day for initial 

5 days and then on 

demand

4 weeks Lower ureter <10 mm

Seleem 

(13)
2021 Egypt

RCT 

(abstract)
37

Control: 40; 

tamsolosin: 

36; 

tamsolosin + 

mirabegron: 

37

Mirabegron 

(50 mg/day)

Control; 

tamsolosin 0.4 mg 

once daily; 

tamsolosin 0.4 mg/

day + mirabegron 

50 mg/day

NA Distal ureter 5–10 mm

Tang (17) 2021 China RCT 45 45

Mirabegron 

(50 mg/

day) + tamsolosin 

0.2 mg/day

Tamsolosin 0.2 mg/

day
4 weeks Distal ureter <10 mm

Abdel-

Basir (10)
2022 Saudi Arabia RCT 48 48

Mirabegron 

(50 mg/

day) + ketorolac 

(30 mg/day for 

5 days and then 

on demand)

Ketorolac of 30 mg/

day for 5 days and 

then on demand

4 weeks Distal ureter 5–10 mm

Rajpar (16) 2022
Sindh-

Pakistan
RCT 100 100

Mirabegron 

(50 mg/

day) + diclofenac 

100 mg

Diclofenac 100 mg/

day
4 weeks Distal ureter <10 mm

Morsy (15) 2022 Egypt RCT 25

Control: 25; 

tamsolosin: 

25

Mirabegron 

(50 mg/

day) + diclofenac 

100 mg (during 

colic episode)

Tamsolosin 

0.4 mg + diclofenac 

100 mg (during 

colic episode); 

diclofenac 100 mg 

(during colic 

episode)

30 days Distal ureter <10 mm
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FIGURE 2

The assessment of risk of bias (RoB). (A) Risk of bias domain for each included study; (B) Summary of risk of bias assessment.

FIGURE 3

Forest plots showing the pooled results of SER, SEI and pain episodes between mirabegron and control group. (A) SER; (B) SEI; (C) pain episodes. SER, 
stone expulsion rate; SEI, stone expulsion interval.
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Mirabegron efficacy in MET compared with 
tamsulosin or silodosin

To compare the efficacy of mirabegron in MET with α-adrenergic 
receptor blockers (tamsulosin or silodosin), a total of three studies 
with relevant data were included, involving 233 patients (118 in the 

mirabegron group and 115 in the tamsulosin/silodosin group). The 
pooled RR for SER was 0.93 (95% CI = 0.75–1.16; p = 0.53) 
(Figure 5A), indicating that there was no significant difference in 
SER between mirabegron and tamsulosin/silodosin treatment. 
Moreover, the analysis found no significant differences in SEI 
(MD = −2.25; 95% CI = −6.03 to 1.52; p = 0.24) and pain episodes 

FIGURE 4

Subgroup analysis based on location of stones.

FIGURE 5

Forest plots showing the pooled results of comparation between mirabegron and tamsulosin/silodosin. (A) SER; (B) SEI; (C) pain episodes. SER, stone 
expulsion rate; SEI, stone expulsion interval.
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(MD = −0.19; 95% CI = −0.53 to 0.15; p = 0.28) between the 
mirabegron and tamsulosin/silodosin groups (Figures 5B,C).

Adverse effects

The safety profile of mirabegron for the management of ureteral 
stone expulsion was investigated. However, owing to the limited data 
in the included studies, a quantitative evaluation of adverse effects 
could not be performed. The adverse events reported in the included 
studies were rare, including hypertension (two cases), nausea and dry 
mouth (two cases), nasal congestion (one case), constipation (one 
case), and fever (one case). Among the participants who reported 
adverse effects, two patients with nausea and dry mouth and two 
patients with hypertension discontinued the trials. All other adverse 
effects improved after symptomatic treatment.

Publication bias

Funnel plots were generated to visually assess publication bias in 
studies reporting SER, SEI, and pain episodes (Supplementary Figure S2). 
Egger’s test was used to statistically evaluate publication bias. The 
funnel plot exhibited symmetrical characteristics, and the p-value of 
Egger’s test was greater than 0.05 for each outcome (p = 0.414 for SER; 
p = 0.707 for SEI; p = 0.477 for pain episodes), suggesting no significant 
potential publication bias. In comparison with tamsulosin or silodosin 
treatment, the p-values of Egger’s test were p = 0.619 for SER, p = 0.902 
for SEI, and p = 0.477 for pain episodes. The funnel plots are shown in 
Supplementary Figure S3. No significant publication bias was observed.

Discussion

Most clinical guidelines suggest that MET should be considered a 
possible treatment option for distal ureteral stones 5–10 mm in size (3, 
4, 20). α-receptor blockers such as tamsulosin are mostly used for 
MET. In addition, calcium channel antagonists (21), phosphodiesterase 
type 5 (PDE5) inhibitors (22) and cortisol (23) are reported to 
be  effective in MET. Recently, several studies have shown that 
mirabegron affects the expulsion of ureteral stones. Solakhan et al. 
(14) first reported that mirabegron significantly elevated the SER and 
reduced pain episodes during the expulsion of distal ureteral stones in 
a retrospective study. A series of randomised controlled trials proved 
that mirabegron is effective for expulsion, however controversy still 
exists (12, 15). For example, Bayar et al. (11) reported that mirabegron 
did not improve SER and had no effect on SEI. Tang et  al. (17) 
demonstrated that mirabegron has a significant impact on improving 
SER in patients with distal ureteral stones measuring ≤5 mm, while it 
has no effect on patients with stones measuring >5 mm. Tang et al. (17) 
showed that mirabegron can play a significant role in improving SER 
in patients with distal ureteral stones ≤5 mm and no effect in patients 
with stones > 5 mm. In this meta-analysis, we  comprehensively 
assessed and quantitatively analysed the efficacy and safety of 
mirabegron in the MET or ureteral stones.

The findings of our study suggest that mirabegron, a β3-adrenergic 
receptor (β3-AR) agonist, holds promise as a potential treatment for 
distal ureteral stones measuring <10 mm by effectively increasing SER 

and reducing the frequency of pain episodes during stone expulsion. 
β3-AR agonists have been identified as innovative drugs for managing 
overactive bladder. Matsumoto et al. (6) confirmed the presence of 
β1-, β2-, and β3-AR expression in the smooth muscle and urothelium 
of human ureters, including the proximal, middle, and distal segments. 
Stimulation of β2- and β3-ARs mediates relaxation of the human 
ureter. They also demonstrated that β3-AR agonists induce 
concentration-dependent reduction in ureteral muscle contraction. 
Shen et al. (24) observed a decrease in mRNA and protein expression 
of β3-AR in the dilated ureter compared to the normal ureter, 
indicating a potential compensatory mechanism involving increased 
ureteral contraction to facilitate urine passage through the obstruction. 
Yalcin et  al. (25) found that β-AR agonists inhibit contraction of 
ureteral smooth muscle and promote ureteral dilation by reducing the 
frequency of peristalsis in the smooth muscle of the ureter. Thus, 
mirabegron, functioning as a β3-AR agonist, may promote the 
expulsion of ureteral stones through this mechanism. However, in the 
subgroup analysis, mirabegron did not significantly enhance SER for 
proximal and middle ureter stones. This may be attributed to the 
inclusion of only one study focusing on proximal and middle ureters 
in our analysis. Thus, further studies are necessary to determine the 
effect of mirabegron on proximal and middle ureteral stones.

Our meta-analysis did not reveal a significant difference in SEI 
between the mirabegron and control groups. However, the results 
showed a high level of heterogeneity and should be  interpreted 
cautiously, although they were robust after the sensitivity analysis. 
α-adrenergic receptor blockers such as tamsulosin are currently 
widely used in MET for ureteral stones. In our meta-analysis, a 
comparable effect of mirabegron on SER, SEI, and pain episodes 
compared with tamsulosin or silodosin was observed. Although only 
three studies were included, the reported adverse effects of mirabegron 
in this review were relatively rare (1.94%, 7/361 cases) and most were 
mild. The results indicate mirabegron as a potential alternative option 
for patients with contraindications to -adrenergic receptor blockers or 
in cases unresponsive to initial α-blocker treatment.

Our results are consistent with a previous meta-analysis that also 
focused on this issue (26). The previous meta-analysis comprised only 
four studies, one of which was a retrospective study (14) and the other 
concentrated on the use of mirabegron before surgery to enhance the 
outcomes of semi-rigid ureter lithotripsy (27). We  included more 
updated and higher-quality studies in this meta-analysis and compared 
the efficacy of mirabegron with tamsulosin or silodosin on MET.

Our study has certain limitations. Firstly, we included only seven 
studies with just over 361 patients in the mirabegron group; in terms of 
comparisons with tamsulosin or silodosin treatment, only three studies 
were included. Secondly, the high level of heterogeneity during the 
pooling of some endpoints which may have been caused by variations 
in inclusion and exclusion criteria, sample sizes, and experimental 
designs, weakened the reliability and stability of the results. Thirdly, the 
presence of broad confidence intervals in certain included studies, such 
as those by Bayar and Morsy, contributes to the overall heterogeneity 
observed in our meta-analysis. This heterogeneity can potentially affect 
the reliability of our pooled effect size estimates, underscoring the need 
for a more cautious interpretation of these results. Additionally, due to 
data limitations in the original literature, we were unable to conduct 
further subgroup analyses to investigate the sources of heterogeneity. 
Moreover, most studies were conducted in Asian countries; therefore, 
the generalisability of the results is limited by regional and ethnic 
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constraints. These limitations suggest that while our findings provide 
valuable insights into the efficacy of mirabegron for medical expulsive 
therapy of ureteral stones, they should be  interpreted with caution. 
Future research with more diverse and larger sample sizes, and more 
consistent study designs, is necessary to validate and extend our findings.

Conclusion

In general, mirabegron can improve the SER of patients with distal 
ureteral stones rather than proximal or middle ureteral stones and 
reduce pain events during stone expulsion but has no effect on the 
SEI. The effect of mirabegron was comparable to that of tamsulosin 
and silodosin and has the potential to be a safe alternative treatment 
for MET for distal ureteral stones. Further high-quality RCTs are 
required to validate these findings.
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SUPPLEMENTARY FIGURE S1

Sensitive analysis of SER, SEI and pain episodes. A. SER; B. SEI; C. Pain 
episodes. SER: stone expulsion rate; SEI: stone expulsion interval.

SUPPLEMENTARY FIGURE S2

Funnel plots showing the publication bias of comparation between mirabegron 
and control group. A. Forest plots of SER; B. Forest plots of SEI; C. Forest plots 
of pain episodes. SER: stone expulsion rate; SEI: stone expulsion interval.

SUPPLEMENTARY FIGURE S3

Funnel plots showing the publication bias of comparation between 
mirabegron and tamsulosin/silodosin. A. Forest plots of SER; B. Forest plots 
of SEI; C. Forest plots of pain episodes. SER: stone expulsion rate; SEI: stone 
expulsion interval.
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