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Background: Medical expulsive therapy demonstrates efficacy in managing ureteral stones in patients amenable to conservative interventions. This meta-analysis aims to evaluate the effectiveness of mirabegron in the treatment of ureteral stones.
Methods: From conception to November 2023, we examined PubMed databases, the Cochrane Library, Embase, Ovid, Scopus, and trial registries for this systematic review and meta-analysis. We chose relevant randomized controlled trials (RCTs) evaluating the efficacy of mirabegron as an expulsive treatment for ureteral stones. The Cochrane risk of bias method was used to assess the quality of the evidence. Outcome measures, which included the stone expulsion rate (SER), expulsion time, and pain episodes, were analyzed using RevMan 5.4 and Stata 17.
Results: Seven RCTs (N = 701) had enough information and were ultimately included. In patients with ureteral stones, mirabegron-treated patients had a substantially higher SER [odds ratio (OR) = 2.57, 95% confidence interval (CI) = 1.41–4.68, p = 0.002] than placebo-treated patients. Subgroup analysis revealed that mirabegron was superior to placebo in patients with small ureteral stones (OR = 2.26, 95% CI = 1.05–4.87, p = 0.04), with no heterogeneity between studies (p = 0.54; I2 = 0%). Mirabegron patients had a higher SER than the control group for distal ureteral stones (DUSs) (OR = 2.48, 95% CI = 1.31–4.68, p = 0.005). However, there was no difference in stone ejection time or pain episodes between groups.
Conclusion: Mirabegron considerably improves SER in patients with ureteral stones, and the effect appears to be more pronounced for small and DUSs. Nevertheless, mirabegron treatment was not associated with improved stone expulsion time or pain management.
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1 INTRODUCTION
Urolithiasis is a prevalent disorder, impacting approximately one in 10 individuals globally, with an increasing incidence and prevalence. Ureteroscopy, percutaneous nephrolithotomy, extracorporeal shock wave lithotripsy (ESWL), and open and laparoscopic surgeries, along with medical expulsive therapy (MET), constitute the primary modalities for managing ureteral calculi. The advantages of MET were substantiated by a comprehensive study and meta-analysis published in 2006 (Hollingsworth et al., 2006). The primary objective of MET is to enhance the expeditious clearance of stones along the ureter, thereby preventing ureteral obstruction and alleviating ureteral colic. This approach aims to circumvent the need for surgery and more invasive interventions, both of which may entail adverse consequences.
Presently, a variety of medications are employed in MET, with the most prevalent categories including α1-adrenoceptor antagonists (commonly known as α-blockers), calcium channel inhibitors, phosphodiesterase type 5 inhibitors (PDEI-5), and non-steroidal anti-inflammatory drugs (NSAIDs). The most widely recommended drugs for MET are α-blockers, which stop the contractions of the ureteral muscle, reduce basal tone, and lessen colic discomfort and peristaltic frequency. These effects may help remove ureteral stones and may be advantageous for MET. Tamsulosin, alfuzosin, and silodosin are three forms of α-blockers used for MET, with tamsulosin being the most extensively documented in the literature (Liu et al., 2015; Huang et al., 2016). The use of the α-blocker tamsulosin is supported by current North American and European treatment recommendations, with the most recent comprehensive systematic review and meta-analysis indicating that its efficacy is mostly for bigger stones (Wang et al., 2017). However, in recent years, several significant randomized double-blind clinical trials have cast doubt on these recommendations (Pickard et al., 2015; Meltzer et al., 2018; Ye et al., 2018). Nifedipine, a calcium channel blocker, inhibits calcium influx and endogenous prostaglandin production, which lessens the human ureter’s spontaneous rhythmic contractions and may be advantageous for MET (Dellabella et al., 2005). Comparatively, it has limited effect on ureter smooth muscle compared with α-blockers (Wang et al., 2016). Furthermore, as compared to placebo- or tamsulosin-treated individuals, nifedipine was linked with a greater number of side effects such as nausea and vomiting, headache, and sleepiness (Porpiglia et al., 2004). As a result, the utilization of calcium channel blockers is currently uncommon. PDE5 inhibitors, such as sildenafil and tadalafil, are used in the treatment of erectile dysfunction, pulmonary hypertension, and benign prostatic hyperplasia. It is theorized that phosphodiesterase PDEI-5 increases cyclic guanosine monophosphate in ureteral smooth muscle, leading to ureteral relaxation and facilitating stone evacuation (Bai et al., 2017; Montes Cardona and García-Perdomo, 2017). However, the value of this class of drug for treatment of calculus is still in its infancy. Diclofenac and celecoxib are the most commonly used NSAIDs for ureteral colic. Although many clinical trials have shown that NSAIDs, in combination with either α-blockers or calcium channel blockers, are an effective treatment, beneficial effects of this drug class appear to be solely pain relief with no effect on calculus expulsion time (Lv and Tang, 2014; Assimos et al., 2016).
Mirabegron is a β3-adrenergic agonist medication used to treat overactive bladder. Matsumoto et al. confirmed the existence of β3-adrenoceptors (ARs) in ureteric urothelial cells and smooth muscle in the lower, middle, and proximal ureters using immunohistochemical methods (Matsumoto et al., 2013; Shen et al., 2017). Crucial smooth muscle relaxation was achieved by activating three receptors, which facilitated stone ejection and demonstrated the effectiveness of mirabegron as a MET. Constipation, dry mouth, dyspepsia, nausea, and other side effects were equally common in the placebo and mirabegron groups during clinical studies for overactive bladder (Chapple et al., 2010; Khullar et al., 2013). Indeed, β3-AR agonists might be regarded as a promising strategy for treating ureteral stones. So far, there is no meta-analysis on randomized controlled trials (RCTs) assessing mirabegron to treat ureteral stones. Therefore, the purpose of this study was to assess the effectiveness of mirabegron as a MET for ureteral stones in adults.
2 MATERIALS AND METHODS
2.1 Literature search strategy
The systematic review was conducted in accordance with the PRISMA recommendations for reporting items for systematic reviews and meta-analyses, as well as the criteria for Cochrane reviews (Page et al., 2021). We conducted an unrestricted electronic search of PubMed, Embase, the Cochrane Library, Ovid, Scopus, and trial registries from inception to November 2023. Mirabegron or beta-3 agonist, ureteral calculi or ureterolithiasis or ureteral stones, medical expulsive treatment, and randomized controlled study were the search phrases utilized. To eliminate omissions, studies mentioned in relevant publications were also assessed.
2.2 Study selection and exclusion criteria
The studies used for the meta-analysis matched the following criteria (Hollingsworth et al., 2006): randomized controlled trials (RCTs) (Huang et al., 2016); research only included individuals with ureteral stones that were 10 mm or smaller (Liu et al., 2015); all patients had a kidney–ureter–bladder (KUB) X-ray and an abdominal ultrasound for a preliminary diagnosis; if necessary, a computed tomography (CT) scan was performed (Wang et al., 2017); mirabegron was compared to placebo (Ye et al., 2018); and data that are complete and ready for analysis.
The exclusion criteria were the following (Hollingsworth et al., 2006): study participants were not adults (younger than 18 years) (Huang et al., 2016); patients with a urinary tract infection (UTI), numerous or bilateral ureteral stones, radiolucent ureteral stones, a solitary kidney, pregnancy, severe hydronephrosis, or renal insufficiency (Liu et al., 2015); patients with a history of ureteral or endoscopic surgery in the past (Wang et al., 2017); patients in the use of alpha-blockers or calcium channel blockers, or severe hypertension (Ye et al., 2018); studies without available data (Pickard et al., 2015); studies with duplicated data (Meltzer et al., 2018); and studies updated in subsequent publications.
2.3 Data abstraction
The literature screening, appraisal, and data extraction were carried out independently by two co-authors, and all issues were addressed and resolved by a third, independent author. The extracted content included study characteristics (first author, publication year, study area, and cases in each group), patient characteristics (age, location and size of the stone, stone sizes, control (placebo), follow-up time, and intervention), method (randomization, allocation concealment, participant and outcome assessment blinding, incomplete outcome data, selective reporting result, and other potential biases), and outcomes (stone expulsion rate, stone expulsion interval, and pain episodes). The quality of all included studies was evaluated. All of the above material was double-checked, and any discrepancies were resolved through conversation.
2.4 Bias risk assessment
We employed the Cochrane Collaboration’s risk of bias technique, which encompasses areas such as randomization, allocation, and concealment, blinding of participants and workers, blinding of outcome assessors, inadequate outcome data, reporting bias, and other biases (Higgins et al., 2011). Each of these seven areas was categorized as: “low risk of bias,” “unclear risk of bias,” or “high risk of bias."
2.5 Statistical analysis
The statistical analyses were carried out using Review Manager 5.4 and Stata 17. Continuous variables were reported as the mean difference (MD) with a 95% confidence interval (CI), whereas dichotomous variables are provided as odds ratio (OR) with a 95% CI. The I2 statistic and the p-value tests were used to assess heterogeneity. An I2 > 50% was considered heterogeneous, and a sensitivity analysis was undertaken to explore the cause of heterogeneity; if necessary, a random-effects model was used to compare data. A fixed-effects model was utilized for analysis when heterogeneity was regarded minimal (I2 < 50%). In addition, an inverted funnel plot was drawn to evaluate the possibility of publication bias. The results were considered statistically significant when p < 0.05.
3 RESULTS
3.1 Study selection
We found 890 records in databases and register searching. Following the elimination of duplicated entries, 352 references were screened for title and abstract, providing 10 possibly relevant references that were further studied. One study was duplicated, and two conference abstracts were excluded due to insufficient available information to draw conclusions (Figure 1).
[image: Figure 1]FIGURE 1 | PRISMA of the selection process.
3.2 Study characteristics
Study characteristics are summarized in Table 1, comprising 701 participants. All studies were RCTs (Bayar et al., 2020; Abdel-Basir Sayed et al., 2022; Mayer, 2022; Morsy et al., 2022; Rajpar et al., 2022; EAU, 2023; Samir et al., 2023), which had accrued between September 2009 and November 2022 (Figure 1). These studies were conducted in the United States, Pakistan, Turkey, Egypt, China, and Saudi Arabia. The age of the participants ranged from 28.7 to 47.3 years. The average size of the stones varied from 5.4 to 7.3 mm. Except for differences in the baseline age between the control and experimental groups in Morsy et al., sex, age, degree of hydronephrosis, and stone size did not significantly differ between the groups. In terms of stone location, four studies included DUS patients, while three others also included non-DUS cases. Most trials diagnosed ureteral stones using a kidney–ureter–bladder (KUB) X-ray, ultrasound, or CT, and the majority employed a combination of patient history, KUB X-ray, US, and/or CT to assess the stone passage. In all studies, the dropout rate was minimal. The follow-up period was 4 weeks or 30 days. In one trial, the control group received tamsulosin, whereas the experimental group received mirabegron with tamsulosin. In other trials, the control group received a placebo or a pain reliever. The experimental group received a daily dose of 50 mg mirabegron. The key finding of all included research was SER, which was assessed by the lack of a ureteral stone on imaging, either CT or KUB X-ray, at the end of the study period. Stone ejection time (days) and pain episodes were secondary outcomes. Figure 2 depicts the risk of bias.
TABLE 1 | Specifications of each study included in the meta-analysis.
[image: Table 1][image: Figure 2]FIGURE 2 | Risk of bias summary. Note: (+) low risk, (?) unclear risk, and (−) high risk.
3.3 Results of individual studies
3.3.1 Stone expulsion rate (SER)
In all trials (701 individuals, of which 348 were in the mirabegron group and 353 in the control group), mirabegron-treated patients displayed a higher SER (OR = 2.57, 95% CI = 1.41–4.68, p = 0.002) than control ones when the ureteral stone was smaller than 10 mm (Figure 3). There was, however, variability between trials (p = 0.007, I2 = 66%). Figures 4A, B show a forest plot of all studies sorted by stone size, indicating that changes in stone size can explain some of the variability. In addition, the L’Abbe and Galbraith plots indicate an important heterogeneity in one study (Figures 5, 6). Therefore, the sensitivity analysis of all included literature studies found that the study of Bayar had a great impact on the heterogeneity of the results (Figure 7). In the discussion, we will explore the possible causes of heterogeneity.
[image: Figure 3]FIGURE 3 | Forest plot: stone expulsion rate (SER) between the mirabegron and the control groups when the ureteral stone was smaller than 10 mm. CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.
[image: Figure 4]FIGURE 4 | (A) Forest plot: SER for patients with large stones (>4–6 mm) between the mirabegron and control groups. CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel. (B) Forest plot: SER for patients with small stones (≤4–6 mm) between the mirabegron and control groups. CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.
[image: Figure 5]FIGURE 5 | L’Abbe plot: the effect of mirabegron on the SER.
[image: Figure 6]FIGURE 6 | Galbraith plot: the efficacy of mirabegron in the SER using a random-effects model.
[image: Figure 7]FIGURE 7 | Sensitivity analysis between mirabegron and SER.
3.3.2 Large stones
SER in the subgroup of patients with big stones (minimum stone size of 4–6 mm) was estimated in a subgroup analysis (Figure 4A). Five of the seven studies were included in this subgroup analysis; however, the definition of stone size differed between studies, with some using a cutoff of 5 mm and others using 4 or 6 mm. For patients with large stones, the meta-analysis indicated no discernible difference between the control and the mirabegron groups in a random-effects model (OR = 1.99, 95% CI = 0.85–4.65, p = 0.11).
3.3.3 Small stones
Three of the seven trials (Figure 4B) showed results for patients with small stones (a maximum stone size of 4–6 mm). Similarly, the definition of stone size differed between studies since some used a threshold of 5 mm, while others used a threshold of 4 or 6 mm. Mirabegron-treated patients showed a higher SER than control ones (OR = 2.26, 95% CI = 1.05–4.87 p = 0.04), and no heterogeneity was detected (p = 0.54; I2 = 0%).
3.3.4 Distal ureteral stones (DUSs)
Six of the seven trials (Figure 8A) reported results for DUSs. These trials were heterogeneous (p = 0.02, I2 = 64%); thus, a random-effects model was used. It was clear that mirabegron treatment resulted in a higher SER than the control group (OR = 2.48, 95% CI = 1.31–4.68, p = 0.005).
[image: Figure 8]FIGURE 8 | (A) Forest plot: SER for patients with distal ureteral stones between the mirabegron and control groups when the ureteral stone was smaller than 10 mm. CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel. (B) Forest plot: SER for patients with non-distal ureteral stones between the mirabegron and control groups when the ureteral stone was smaller than 10 mm. CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.
3.3.5 Non-distal ureteral stones (non-DUSs)
Two of the seven trials (Figure 8B) reported results for non-DUSs. The meta-analysis using a fixed-effects model showed no discernible difference between the control and the mirabegron groups in terms of SER. (OR = 1.67, 95% CI = 0.96–2.93, p = 0.07).
3.3.6 Large vs. small stones in the mirabegron group
In the mirabegron group, three of the seven trials provided results for large stones vs. small stones (Figure 9A). Given the trial heterogeneity (p = 0.02, I2 = 75%), the random-effects model revealed no significant difference in SER among patients with a large or small stone (OR = 1.33, 95% CI = 0.30–5.93, p = 0.71).
[image: Figure 9]FIGURE 9 | (A) Forest plot: SER subgroup analysis in the mirabegron group based on stone size. CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse variance. (B) Forest plot: stone ejection time (days) between the mirabegron and control groups when the ureteral stone was smaller than 10 mm. CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse variance. (C) Forest plot: pain episodes in the mirabegron and control groups when the ureteral stone was smaller than 10 mm. CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse variance.
3.3.7 Stone expulsion time (days)
Five of the seven trials reported stone expulsion time outcomes (Figure 9B). There was heterogeneity across trials (p < 0.00001, I2 = 97%), and in a random-effects model, we found no significant difference in stone ejection time between the mirabegron and the control groups (standard mean difference = −1.82, 95% CI = −5.46–1.83, p = 0.33).
3.3.8 Pain episodes
Five of the seven trials reported pain episode outcomes (Figure 9C). There was heterogeneity across trials (p = 0.001, I2 = 78%); thus, a random-effects model was used. There were no obvious differences in pain episodes between groups (standard mean difference = −0.22, 95% CI = −0.50–0.05, p = 0.11).
3.4 Risk of bias in studies
The geometries of inverted funnel plots revealed a minimal likelihood of publication bias in the SER results between the mirabegron and the control groups when the ureteral stone was smaller than 10 mm (Figure 10).
[image: Figure 10]FIGURE 10 | An inverted funnel diagram was drawn to investigate the publication bias.
4 DISCUSSION
According to the most recent EAU guidelines, MET appears to be effective for treating patients with ureteral stones who are receptive to conservative care (EAU, 2023). The efficacy of the most widely used α-adrenoceptor blocker in MET has been confirmed by multiple meta-analyses (Yilmaz et al., 2005; Wang et al., 2017; Hsu et al., 2018; Liu et al., 2018). However, there are conflicting data between these trials, and many well-designed, multicentric, placebo-controlled, double-blind randomized studies demonstrate little or no effect, with the exception of a moderate benefit for DUSs >5 mm (Pickard et al., 2015; Sur et al., 2015; Furyk et al., 2016; Ye et al., 2018). Furthermore, patients utilizing alpha-adrenergic blockers may experience adverse effects, including dry mouth, dizziness, nausea, palpitation, retrograde ejaculation, and orthostatic hypotension, owing to the inherent pharmacological mechanisms involved (De Coninck et al., 2019).
Mirabegron is currently mostly used to treat overactive bladder, and reviews and meta-analyses indicate that the therapeutic dose of mirabegron, 50 mg, is not associated with blood pressure changes, QT time, or heart rate (Michel and Gravas, 2016; Geoffrion, 2017; Deeks, 2018). Smooth muscle cells make up the majority of the muscular tube that makes up the mature human ureter. Urine is propelled from the kidneys to the bladder by waves of smooth muscle contraction and relaxation traveling down the muscular tube, which is the main purpose of this organ (Woolf and Davies, 2013). The relaxant effect of β3 agonists in the ureter has been shown in several in vivo studies in dogs and pigs, where the intraluminal pressure in the ureteral has significantly decreased (Wanajo et al., 2011). Mirabegron appears to be effective in the treatment of ureteral stones, according to a number of RCTs conducted in recent years. Seven RCTs with a total of 701 patients were combined for this meta-analysis. After 4 weeks, mirabegron treatment substantially enhanced the SER (OR = 2.57) of ureteral stones up to 10 mm, as compared to the control group. SER was 67% and 46% in the mirabegron and the control groups, respectively. However, there was no statistically significant change in stone ejection time or discomfort events during the follow-up period. Clinically, the location and size of ureteral stones are important prognostic factors concerned by doctors. Therefore, we performed a subgroup analysis to assess these factors. We found that mirabegron can significantly improve the SER (OR = 2.26) of patients with small stones. In terms of DUSs, mirabegron-treated patients achieved a higher SER than the control group. However, for non-DUSs, no significant differences were observed between the groups. There was also no discernible difference in the SER of mirabegron-treated patients stratified according to their stone size.
There is little evidence on spontaneous ureteral stone transit based on the stone size (Skolarikos et al., 2010). Moreover, 95% of ureteral stones smaller than 4 mm are expected to be expelled within 40 days (Preminger et al., 2007). Based on present data, a definitive cut-off size for stones that are likely to pass spontaneously cannot be determined (Preminger et al., 2007). The definition of stone size in the papers herein included varied since some studies used a threshold of 5 mm, while others used 4 or 6 mm. Therefore, stones smaller than 4–6 mm are defined as small stones; otherwise, they are defined as large stones. In all cases of ureteral stones <10 mm, mirabegron treatment clearly improved SER (OR = 2.57, 95% CI = 1.41–4.68). However, there was heterogeneity across the studies (p = 0.007, I2 = 66%). A subgroup analysis detected stone size as the probable cause of heterogeneity. Mirabegron treatment led to a higher SER in patients with small ureteral stones (OR = 2.26, 95% CI = 1.05–4.87), and no heterogeneity was seen across these trials (p = 0.54; I2 = 0%). Mirabegron improved SER by 20% (74% vs. 54%) compared to the control group. Nevertheless, mirabegron did not show any notable benefits in patients with a large stone. In addition, based on the sensitivity analysis of included studies, it was found that the study of Bayar had a great influence on the heterogeneity of our meta-analysis. SER is affected not only by the size and location of stones but also by the degree of ureter spasm or edema and the degree of hydronephrosis. Shen et al. observed that ureter dilatation lowered the expression of all β-AR subtypes in human ureter mucosa and muscle layers. In the early stages of the illness, the use of highly selective β3-AR agonists may improve symptoms of ureteral smooth muscle spasm. However, in latter stages, when compensation in the ureter lesions has been lost, β3-AR agonists are no longer appropriate therapy strategies (Shen et al., 2017). Bayar et al. did not compare differences in the time of illness and the degree of hydronephrosis, which could partially explain the heterogeneity we detected. A previous meta-analysis conducted by Cai et al. (2022) found that mirabegron significantly improved the SER of small stones, while no statistical difference was found for large stones (Cai et al., 2022). Although the results of our meta-analysis are the same as those of Cai et al., our study is more reliable because all included evidence comprised RCTs. As for stone expulsion time, mirabegron treatment was not beneficial.
The stone passage was spontaneously reported in 49% of upper ureteral stones, 58% of mid ureteral stones, and 68% of distal ureteral stones (Yallappa et al., 2018). In our study, six of the seven studies reported the results of SER for DUSs. When compared to the control group, mirabegron dramatically improved SER of these patients (56% vs. 39%). In terms of pain episodes, we did not detect benefits of mirabegron treatment, contrary to the findings of Cai et al. (2022).
Interestingly, in the study by Morsy et al., the patients were divided into the following three groups: 30 patients received mirabegron 50 mg + diclofenac Na 100 mg tab daily, 30 patients received tamsulosin HCL 0.4 mg cap + diclofenac Na 100 mg tab, and 30 patients received diclofenac Na 100 mg tab alone. Diclofenac Na was administered to all groups just for pain relief. For ureteral stones <10 mm, 68% of patients in group A expelled the stone during therapy, compared to 60% and 20% in groups B and C, respectively (Morsy et al., 2022). Furthermore, based on the data on Tang et al., in patients with 5-mm stones, the experimental group (mirabegron 50 mg once daily plus tamsulosin 0.2 mg once daily) had a higher SER than the control group (tamsulosin 0.2 mg once daily) (Abdel-Basir Sayed et al., 2022). Although mirabegron appears to demonstrate a similar or even superior stone expulsion effect compared to tamsulosin, further large-scale RCTs are essential to substantiate these findings.
According to Song et al. (2016), the coronal length (craniocaudal) and axial stone diameter were both significantly predictive of the degree of hydronephrosis (ANOVA, p < 0.001 for both) (Song et al., 2016). The average axial diameter of the stones classified by the degree of hydronephrosis was 3.0 mm for no hydronephrosis, 3.9 mm for light hydronephrosis, 4.9 mm for moderate hydronephrosis, and 12.7 mm for severe hydronephrosis. Mirabegron may be more effective in facilitating the extrusion of tiny stones because of the dilated ureter’s reduced expression of β-AR. Additionally, 176 individuals with a single obstructive ureteral stone (111 distal ureteral calculi and 65 proximal ureteral calculi) were examined by Eisner et al. The axial calculus diameter of the proximal and distal stones did not differ from one another (mean 5.3 mm vs. 5.0 mm, respectively, p = 0.29), and the proximal ureteral stones were linked to a higher degree of ureteral dilatation than the distal stones (mean 6.1 mm vs. 5.3 mm, respectively, p = 0.01) (Eisner et al., 2008). The aforementioned results might help explain the mirabegron-induced notable rise in the incidence of small stones and distal ureteral stones.
A single dose of 50 mg mirabegron per day is safe. Mirabegron had fewer adverse drug reactions in all studies. There were only two cases of hypertension, two headaches, one orthostatic event, two nasal blockages, and five occurrences of dizziness recorded.
The main limitations to this study are as follows (Hollingsworth et al., 2006): the quality of evidence supporting the use of mirabegron for MET raises some concerns. Some studies failed to blind the participants or the outcome assessment (Huang et al., 2016). The small sample size of some studies may affect the accuracy of the results (Liu et al., 2015). There are differences in inclusion criteria, exclusion criteria, research methods, and statistical methods among different studies, which may lead to high heterogeneity (Wang et al., 2017). The inability to evaluate the ureteral wall thickness (UWT), ureteral diameter (UD), and the ratio of ureter-to-stone diameter (USD) hampered the comparison of SER (Samir et al., 2021; Selvi et al., 2021; Ye et al., 2018). Although several factors, such as the degree of hydronephrosis, the time of illness, MET compliance, exercise volume, and various follow-up durations, might influence SER, they were not included in our subgroup analysis (Pickard et al., 2015). The use of non-steroidal anti-inflammatory medicines may have an effect on the outcomes since they can alleviate ureteral edema (Holdgate and Pollock, 2004).
In summary, the current meta-analysis found that mirabegron was superior to placebo in terms of efficacy for the treatment of ureteral stones, particularly stones ≤4–6 mm and DUSs. High-quality multicenter RCTs are needed to corroborate these findings. More realistic findings could be obtained if the researchers compare the effectiveness of mirabegron in removing stones based on the degree of hydronephrosis and the time of illness.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
ZW: data curation, formal analysis, software, supervision, validation, writing–original draft, and writing–review and editing. JC: data curation, software, writing–original draft, and writing–review and editing. YL: data curation, writing–original draft, and writing–review and editing. JW: data curation and writing–original draft. YC: formal analysis, investigation, and writing–review and editing. CY: funding acquisition, investigation, writing–original draft, and writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abdel-Basir Sayed, M., Moeen, A. M., Saada, H., Nassir, A., Tayib, A., and Gadelkareem, R. A. (2022). Mirabegron as a medical expulsive therapy for 5-10 mm distal ureteral stones: a prospective, randomized, comparative study. Turkish J. urology 48 (3), 209–214. doi:10.5152/tud.2022.22014
 Assimos, D., Krambeck, A., Miller, N. L., Monga, M., Murad, M. H., Nelson, C. P., et al. (2016). Surgical management of stones: American urological association/endourological society guideline, PART I. J. Urol. 196 (4), 1153–1160. doi:10.1016/j.juro.2016.05.090
 Bai, Y., Yang, Y., Wang, X., Tang, Y., Han, P., and Wang, J. (2017). Tadalafil facilitates the distal ureteral stone expulsion: a meta-analysis. J. Endourol. 31 (6), 557–563. doi:10.1089/end.2016.0837
 Bayar, G., Yavuz, A., Cakmak, S., Ofluoglu, Y., Kilinc, M. F., Kucuk, E., et al. (2020). Efficacy of silodosin or mirabegron in medical expulsive therapy for ureteral stones: a prospective, randomized-controlled study. Int. Urol. Nephrol. 52 (5), 835–840. doi:10.1007/s11255-019-02368-y
 Cai, D., Wei, G., Wu, P., Huang, Y., Che, X., Zhang, Y., et al. (2022). The efficacy of mirabegron in medical expulsive therapy for ureteral stones: a systematic review and meta-analysis. Int. J. Clin. Pract. 2022, 2293182. doi:10.1155/2022/2293182
 Chapple, C., Wyndaele, J. J., Van Kerrebroeck, P., Radziszewski, P., Dvorak, V., and Boerrigter, P. (2010). 774 dose-ranging study of once-daily mirabegron (Ym178), A novel selective β3-adrenoceptor agonist, in patients with overactive bladder (oab). Eur. Urol. Suppl. 9 (2), 249. doi:10.1016/s1569-9056(10)60758-0
 De Coninck, V., Antonelli, J., Chew, B., Patterson, J. M., Skolarikos, A., and Bultitude, M. (2019). Medical expulsive therapy for urinary stones: future trends and knowledge gaps. Eur. Urol. 76 (5), 658–666. doi:10.1016/j.eururo.2019.07.053
 Deeks, E. D. (2018). Mirabegron: a review in overactive bladder syndrome. Drugs 78 (8), 833–844. doi:10.1007/s40265-018-0924-4
 Dellabella, M., Milanese, G., and Muzzonigro, G. (2005). Randomized trial of the efficacy of tamsulosin, nifedipine and phloroglucinol in medical expulsive therapy for distal ureteral calculi. J. Urol. 174 (1), 167–172. doi:10.1097/01.ju.0000161600.54732.86
 EAU (2023). Guidelines. Edn. Presented at the EAU annual congress milan. ISBN 978-94-92671-19-6. 
 Eisner, B. H., Pedro, R., Namasivayam, S., Kambadakone, A., Sahani, D. V., Dretler, S. P., et al. (2008). Differences in stone size and ureteral dilation between obstructing proximal and distal ureteral calculi. Urology 72 (3), 517–520. doi:10.1016/j.urology.2008.03.034
 Furyk, J. S., Chu, K., Banks, C., Greenslade, J., Keijzers, G., Thom, O., et al. (2016). Distal ureteric stones and tamsulosin: a double-blind, placebo-controlled, randomized, multicenter trial. Ann. Emerg. Med. 67 (1), 86–95. doi:10.1016/j.annemergmed.2015.06.001
 Geoffrion, R. (2017). No. 353-Treatments for overactive bladder: focus on pharmacotherapy - an addendum. J. obstetrics Gynaecol. Can. 39 (12), 1221–1229. doi:10.1016/j.jogc.2017.06.032
 Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., et al. (2011). The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ Clin. Res. ed) 343, d5928. doi:10.1136/bmj.d5928
 Holdgate, A., and Pollock, T. (2004). Systematic review of the relative efficacy of non-steroidal anti-inflammatory drugs and opioids in the treatment of acute renal colic. BMJ Clin. Res. ed) 328 (7453), 1401. doi:10.1136/bmj.38119.581991.55
 Hollingsworth, J. M., Rogers, M. A., Kaufman, S. R., Bradford, T. J., Saint, S., Wei, J. T., et al. (2006). Medical therapy to facilitate urinary stone passage: a meta-analysis. Lancet (London, Engl. 368 (9542), 1171–1179. doi:10.1016/S0140-6736(06)69474-9
 Hsu, Y. P., Hsu, C. W., Bai, C. H., Cheng, S. W., Chen, K. C., and Chen, C. (2018). Silodosin versus tamsulosin for medical expulsive treatment of ureteral stones: a systematic review and meta-analysis. PLoS One 13 (8), e0203035. doi:10.1371/journal.pone.0203035
 Huang, W., Xue, P., Zong, H., and Zhang, Y. (2016). Efficacy and safety of silodosin in the medical expulsion therapy for distal ureteral calculi: a systematic review and meta-analysis. Br. J. Clin. Pharmacol. 81 (1), 13–22. doi:10.1111/bcp.12737
 Khullar, V., Amarenco, G., Angulo, J. C., Cambronero, J., Høye, K., Milsom, I., et al. (2013). Efficacy and tolerability of mirabegron, a β(3)-adrenoceptor agonist, in patients with overactive bladder: results from a randomised European-Australian phase 3 trial. Eur. Urol. 63 (2), 283–295. doi:10.1016/j.eururo.2012.10.016
 Liu, C., Zeng, G., Kang, R., Wu, W., Li, J., Chen, K., et al. (2015). Efficacy and safety of alfuzosin as medical expulsive therapy for ureteral stones: a systematic review and meta-analysis. PLoS One 10 (8), e0134589. doi:10.1371/journal.pone.0134589
 Liu, X. J., Wen, J. G., Wan, Y. D., Hu, B. W., Wang, Q. W., and Wang, Y. (2018). Role of silodosin as medical expulsive therapy in ureteral calculi: a meta-analysis of randomized controlled trials. Urolithiasis 46 (2), 211–218. doi:10.1007/s00240-017-0974-1
 Lv, J. L., and Tang, Q. L. (2014). Comparative evaluation of efficacy of use of naftopidil and/or celecoxib for medical treatment of distal ureteral stones. Urolithiasis 42 (6), 541–547. doi:10.1007/s00240-014-0708-6
 Matsumoto, R., Otsuka, A., Suzuki, T., Shinbo, H., Mizuno, T., Kurita, Y., et al. (2013). Expression and functional role of β3 -adrenoceptors in the human ureter. Int. J. urology official J. Jpn. Urological Assoc. 20 (10), 1007–1014. doi:10.1111/iju.12093
 Mayer, W. A. (2022). Mirabegron as medical expulsive therapy (MET) for ureteral stones and ureteral stent pain. ClinicalTrialsgov Identifier: NCT02744430 (https://clinicaltrialsgov/ct2/show/study/NCT02744430).
 Meltzer, A. C., Burrows, P. K., Wolfson, A. B., Hollander, J. E., Kurz, M., Kirkali, Z., et al. (2018). Effect of tamsulosin on passage of symptomatic ureteral stones: a randomized clinical trial. JAMA Intern Med. 178 (8), 1051–1057. doi:10.1001/jamainternmed.2018.2259
 Michel, M. C., and Gravas, S. (2016). Safety and tolerability of β3-adrenoceptor agonists in the treatment of overactive bladder syndrome - insight from transcriptosome and experimental studies. Expert Opin. drug Saf. 15 (5), 647–657. doi:10.1517/14740338.2016.1160055
 Montes Cardona, C. E., and García-Perdomo, H. A. (2017). Efficacy of phosphodiesterase type 5 inhibitors for the treatment of distal ureteral calculi: a systematic review and meta-analysis. Investig. Clin. Urol. 58 (2), 82–89. doi:10.4111/icu.2017.58.2.82
 Morsy, S., Nasser, I., Aboulela, W., Abdelazim, M. S., and Ali, H. (2022). Efficacy of mirabegron as medical expulsive therapy for distal ureteral stones: a prospective, randomized, double-blinded, controlled study. Urol. Int. 106 (12), 1265–1271. doi:10.1159/000521171
 Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al. (2021). PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. Bmj 372, n160. doi:10.1136/bmj.n160
 Pickard, R., Starr, K., MacLennan, G., Lam, T., Thomas, R., Burr, J., et al. (2015). Medical expulsive therapy in adults with ureteric colic: a multicentre, randomised, placebo-controlled trial. Lancet (London, Engl. 386 (9991), 341–349. doi:10.1016/S0140-6736(15)60933-3
 Porpiglia, F., Ghignone, G., Fiori, C., Fontana, D., and Scarpa, R. M. (2004). Nifedipine versus tamsulosin for the management of lower ureteral stones. J. Urol. 172 (2), 568–571. doi:10.1097/01.ju.0000132390.61756.ff
 Preminger, G. M., Tiselius, H. G., Assimos, D. G., Alken, P., Buck, A. C., Gallucci, M., et al. (2007). 2007 Guideline for the management of ureteral calculi. Eur. Urol. 52 (6), 1610–1631. doi:10.1016/j.eururo.2007.09.039
 Rajpar, Z. H., Memon, , Soomro, K. Q., Hussain, S. A., Mughal, S. A., and Soomro, N. (2022). Comparison of the efficacy of medical expulsive therapy for the treatment of distal ureteric stones with and without mirabegron. J. liaquat Univ. Med. health Sci. 21 (1), 11–15. 
 Samir, M., Awad, A. F., and Maged, W. A. (2023). Does mirabegron have a potential role as a medical expulsive therapy in the treatment of distal ureteral stones? A prospective randomized controlled study. Urologia , 3915603231204081. doi:10.1177/03915603231204081
 Samir, M., Elawady, H., Hamid, E., and Tawfick, A. (2021). Can ureteral wall thickness (UWT) be used as a potential parameter for decision-making in uncomplicated distal ureteral stones 5-10 mm in size? A prospective study. World J. urology 39 (9), 3555–3561. doi:10.1007/s00345-021-03608-6
 Selvi, I., Baydilli, N., Tokmak, T. T., Akinsal, E. C., and Basar, H. (2021). CT-related parameters and Framingham score as predictors of spontaneous passage of ureteral stones ≤ 10 mm: results from a prospective, observational, multicenter study. Urolithiasis 49 (3), 227–237. doi:10.1007/s00240-020-01214-6
 Shen, H., Chen, Z., Mokhtar, A. D., Bi, X., Wu, G., Gong, S., et al. (2017). Expression of β-adrenergic receptor subtypes in human normal and dilated ureter. Int. urology Nephrol. 49 (10), 1771–1778. doi:10.1007/s11255-017-1667-y
 Skolarikos, A., Laguna, M. P., Alivizatos, G., Kural, A. R., and de la Rosette, J. J. (2010). The role for active monitoring in urinary stones: a systematic review. J. Endourol. 24 (6), 923–930. doi:10.1089/end.2009.0670
 Song, Y., Hernandez, N., Gee, M. S., Noble, V. E., and Eisner, B. H. (2016). Can ureteral stones cause pain without causing hydronephrosis?World J. urology 34 (9), 1285–1288. doi:10.1007/s00345-015-1748-4
 Sur, R. L., Shore, N., L'Esperance, J., Knudsen, B., Gupta, M., Olsen, S., et al. (2015). Silodosin to facilitate passage of ureteral stones: a multi-institutional, randomized, double-blinded, placebo-controlled trial. Eur. Urol. 67 (5), 959–964. doi:10.1016/j.eururo.2014.10.049
 Tang, Q.-L., Wang, D.-J., Zhou, S., and Tao, R.-Z. (2021). Mirabegron in medical expulsive therapy for distal ureteral stones: a prospective, randomized, controlled study. World J. urology 39 (12), 4465–4470. doi:10.1007/s00345-021-03772-9
 Wanajo, I., Tomiyama, Y., Yamazaki, Y., and Kojima, M. (2011). Ureteral selectivity of intravenous β-adrenoceptor agonists in pig model of acute ureteral obstruction: comparison of KUL-7211, a selective β2/β3 agonist, with isoproterenol, terbutaline, and CL-316243. Urology 77 (5), 1266.e1–e6. doi:10.1016/j.urology.2010.12.045
 Wang, H., Man, L. B., Huang, G. L., Li, G. Z., and Wang, J. W. (2016). Comparative efficacy of tamsulosin versus nifedipine for distal ureteral calculi: a meta-analysis. Drug Des. Devel Ther. 10, 1257–1265. doi:10.2147/DDDT.S99330
 Wang, R. C., Smith-Bindman, R., Whitaker, E., Neilson, J., Allen, I. E., Stoller, M. L., et al. (2017). Effect of tamsulosin on stone passage for ureteral stones: a systematic review and meta-analysis. Ann. Emerg. Med. 69 (3), 353–361. doi:10.1016/j.annemergmed.2016.06.044
 Woolf, A. S., and Davies, J. A. (2013). Cell biology of ureter development. J. Am. Soc. Nephrol. JASN. 24 (1), 19–25. doi:10.1681/ASN.2012020127
 Yallappa, S., Amer, T., Jones, P., Greco, F., Tailly, T., Somani, B. K., et al. (2018). Natural history of conservatively managed ureteral stones: analysis of 6600 patients. J. Endourol. 32 (5), 371–379. doi:10.1089/end.2017.0848
 Ye, Z., Zeng, G., Yang, H., Tang, K., Zhang, X., Li, H., et al. (2018). Efficacy and safety of tamsulosin in medical expulsive therapy for distal ureteral stones with renal colic: a multicenter, randomized, double-blind, placebo-controlled trial. Eur. Urol. 73 (3), 385–391. doi:10.1016/j.eururo.2017.10.033
 Yilmaz, E., Batislam, E., Basar, M. M., Tuglu, D., Ferhat, M., and Basar, H. (2005). The comparison and efficacy of 3 different alpha1-adrenergic blockers for distal ureteral stones. J. Urol. 173 (6), 2010–2012. doi:10.1097/01.ju.0000158453.60029.0a
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Wang, Chi, Liu, Wu, Cui and Yang. 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.
OPS/images/fphar-14-1326600-g005.gif





OPS/images/fphar-14-1326600-g006.gif





OPS/images/fphar-14-1326600-g003.gif
ewbegeon | Seneel o T e Rawe
I T T S T Y e

o2z . L rerer]

ey nza “ At ]

frs " PRI ]

Serazy 4 o % wm mbsam

Sz & R e

Tagon = [ R ]

oy s e 2e7ianas)

Loty T 041,00 11881 0007 663 o

oreromn -ty ity






OPS/images/fphar-14-1326600-g004.gif
A

tegron _ Contol st O Rats
St Sbooun et Toal_Eves Tl bt Bandon, S5 "

[ e e om e

Rz & B ononoam epmre -
Pty EoS momome  mbsm

ey P A T ] e
T R R IR

Tow sy s o o rpoasass

ety T =088 o 100614 0008 76 ey ]
Tt i e 2158501 et

o Contt ot osie e

e s T sees  tsspsrin o

Raper 222 Bom he s e

T2zt o s swopes el —
o s o 7o 2aepissam -
ooty O+ 123,81 2(p 2050 P15 P ——1

ot ovr i £ 300 P 000)





OPS/images/fphar-14-1326600-g009.gif
Sntvone oo s s e ouse e

ot e
P i ara =
Soe wum ARl ——
FR A .

Touwpesc “ o v s

T R .

B o [—

s iy s mox amia o

et A B R e

Roviaz w3 34 e wss v how omismrel

oty I o ]

) PR P ]

) 2 2 o razsan 1

et Tad 605 G 50,1450 00, e %,

et Sy

c

a0 ot amn
o 5 Pt
k] 5 Shisen
Sz ] Slbiom o
Tt o o o
T o onomam

Ny s 20570 <1755
foore o Al it et






OPS/images/fphar-14-1326600-g007.gif





OPS/images/fphar-14-1326600-g008.gif
A

wabegon _ Conol Osde Ratic
- e B T st e
S [ T T
et VR TR M ammen
] Do o omoan o emsm
prats 2% 5 MRl mbiim
e oL R oD SRR
T R R e
Towoser e e
ety o030 0 1 1 0 - F
ol s 00 a1
3
[ oun e
o e s on
Do o e 2l
W s
o1 peom h o

ot ovre ik .37+ 007





OPS/xhtml/nav.xhtml
Contents

		Cover

		Efficacy of mirabegron for ureteral stones: a systematic review with meta-analysis of randomized controlled trials		1 Introduction

		2 Materials and methods		2.1 Literature search strategy

		2.2 Study selection and exclusion criteria

		2.3 Data abstraction

		2.4 Bias risk assessment

		2.5 Statistical analysis





		3 Results		3.1 Study selection

		3.2 Study characteristics

		3.3 Results of individual studies

		3.4 Risk of bias in studies





		4 Discussion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-14-1326600-g001.gif
[EI——

Dibhses 1550
Regites 01

T —
s

568 msonts s by o

Indpenient eiersn e

[ mr—— [Tp—

e xcloed (- 56

S Review
Reviewin= 103

7 Rl o Dowert
e e gy
FEe R Ne—
-0,

e s - 1)
e a0 -9)

T inclod
e gdesc






OPS/images/fphar-14-1326600-g002.gif
s 100
(seq Buposs) Supods omparas
(503 uoe) mep a0 oo

(50 uoro019p) Wiowssossi owEni o Bspu

(o1 soumioyd) ousossod pue sedoned jo Suputg

(50q voroyes) nureaauoo uoneoo

[ ——

a2 @@ |@ |2 @@ @
uver 2022 99|99 @ | @ | @

o 202 @@ @@ 99| @
s | @ @@ @2 @@
snei202| 99|00 ? | @ | @

22 | @ O|O® 000






OPS/images/fphar-14-1326600-t001.jpg
Study, year Country Participant
Bayar et al. (2020) Turkey Ureteral stones
4-10 mm
Morsy et al. (2022) Egypt DUSs <10 mm
Rajpar et al. (2022) Pakistan Ureteral

stones <10 mm
Tang et al. (2021) China DUSs <10 mm
Abdel-Basir Sayed etal. | Saudi Arabia | DUSs <10 mm
(2022)

Mayer (2022) United States | Ureteral
stones <10 mm

Samir et al. (2023) Egypt DUSs 5-10 mm

Experimental

group
Mirabegron
Mirabegron +
diclofenac

Mirabegron +
diclofenac

Mirabegron +
tamsulosin
Mirabegron + ketorolac

Mirabegron

Mirabegron

Placebo

Diclofenac

Diclofenac

‘Tamsulosin

Ketorolac

Placebo

Placebo

4 weeks

30 days

4 weeks

4 weeks

4 weeks

30 days

4 weeks

Diagnostic
method

US and/or KUB

KUB and US or CT
KUB and US and CT
KUB and US and CT
US and KUB and
NceT

CT or US and KUB

KUB and US and
NCCT

33

115

50

200

90

9

17

Abbreviations: US, ultrasound; KUB, kidney-ureter-bladder X-ray

istal ureterdl: stones: CT complited tooaraphy NOCT: notiscontrast: compubsd tomography:






OPS/images/fphar-14-1326600-g010.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





