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Abstract

:

Overactive bladder (OAB) significantly impairs quality of life in the elderly. Although the intradetrusor injection of botulinum toxin type A (BoNT-A) is a treatment option, its effects on older adults remain uncertain. This study aimed to evaluate the efficacy and safety of BoNT-A intradetrusor injections in elderly OAB patients through a systematic review and meta-analysis. A comprehensive literature search was conducted using the PubMed, Embase, Cochrane Library, Scopus, and CINAHL databases from inception to 30 May 2024. The primary outcomes were improvements in daily urinary incontinence (UI) episodes and patient-reported outcomes, while the secondary outcomes focused on potential adverse events. Four randomized controlled trials with 803 participants were included. BoNT-A injections significantly reduced daily UI episodes at 4–6 weeks (mean difference [MD]: −3.82; 95% confidence interval [CI]: −6.29 to −1.35) and at 12 weeks (MD: −2.17; 95% CI: −3.22 to −1.12). However, BoNT-A was associated with an increased risk of elevated post-void residual (Risk Difference [RD]: 0.154; 95% CI: 0.058 to 0.251) and urinary tract infection (RD: 0.111; 95% CI: 0.005 to 0.217), with no significant difference observed in the initiation of catheterization or hematuria. Trial sequential analysis confirmed a sufficient sample size and statistical power. In conclusion, while BoNT-A effectively manages OAB in the elderly, careful post-injection monitoring is warranted due to its potential risks.
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Key Contribution: Our study is the first to conduct a meta-analysis on the intradetrusor injection of botulinum toxin type A for overactive bladder in the elderly population. Additionally, we incorporated trial sequential analysis to determine the optimal sample size and study power.










1. Introduction


Overactive bladder (OAB) is a chronic syndrome that affects both men and women [1]. The International Continence Society defines it as a condition characterized by urinary urgency, with or without urgency urinary incontinence, usually accompanied by increased daytime frequency and nocturia, in the absence of infection or another underlying pathology [2,3]. These bothersome symptoms significantly impact patients’ quality of life [1,4]. The prevalence of OAB increases with age, making it a particularly concerning issue in the aging population [5].



The management of OAB typically begins with behavioral therapy or pharmacological treatments, which are considered first-line options [6]. However, less than half of patients achieve satisfactory outcomes with these initial approaches [7]. Antimuscarinic agents, including solifenacin, darifenacin, and fesoterodine, have been shown to relieve OAB symptoms with minimal cognitive impact and few central nervous system side effects in elderly patients after short-term use [8,9]. However, the potential prolonged use of these agents, particularly the cumulative effects of anticholinergic burden, has raised concerns about cognitive decline in the elderly population [10,11]. Moreover, studies on oxybutynin, another antimuscarinic, have demonstrated more concerning results regarding its impairing effects on cognitive function [12]. β3-adrenoceptor agonists such as mirabegron and vibegron have been found to be effective and well tolerated in older adults [13,14]. However, most clinical trial participants were relatively healthy and lacked uncontrolled cardiovascular conditions, leaving questions about the long-term use of these medications in the elderly. Given these concerns, alternative treatments, such as botulinum toxin intradetrusor injection, have emerged as potential options for managing OAB.



Botulinum toxin intradetrusor injection is a well-established treatment for OAB [15]. Among the various types of botulinum toxins, botulinum toxin type A (BoNT-A) is the most commonly used due to its longer therapeutic duration [16,17]. In studies involving BoNT-A bladder injections, onabotulinumtoxinA (Botox®, Allergan, Irvine, CA, USA) was the most frequently used commercial form, whereas abobotulinumtoxinA (Dysport®, Ipsen, Slough, UK) was rarely utilized [18]. When injected into the detrusor muscle under cystoscopic guidance, BoNT-A is thought to act through several distinct mechanisms [19,20]. In the motor pathway, BoNT-A inhibits the release of acetylcholine at presynaptic nerve terminals in both the somatic and autonomic systems, resulting in chemical denervation of the targeted muscles [19]. On the sensory side, BoNT-A desensitizes afferent nerves by preventing the release of several neurotransmitters such as adenosine triphosphate, substance P, and calcitonin gene-related peptide [21]. Additionally, BoNT-A downregulates sensory receptors, including transient receptor potential vanilloid 1 (TRPV1), and purinergic (P2X2, P2X3) receptors, contributing to its overall therapeutic effect in managing OAB symptoms [21].



The effectiveness of BoNT-A intradetrusor injection has been demonstrated in patients with OAB who have not responded adequately to, or have experienced intolerable side effects from, first-line pharmacological therapies, such as antimuscarinic agents and β3-adrenoceptor agonists. Recent studies have also shown its superior therapeutic effects over oral medications [22]. However, few studies have specifically addressed the unique needs and responses of the geriatric population [18,23]. This gap in research highlights the need for more focused investigation into the safety and efficacy of BoNT-A in this demographic. The purpose of this systematic review and meta-analysis is to evaluate the current literature regarding its efficacy in symptom improvement and its safety profile in this vulnerable population.




2. Results


2.1. Literature Search and Study Selection


A total of 876 articles published from database inception to May 2024 were retrieved by searching PubMed, Embase, Cochrane Library, Scopus, and EBSCOhost CINAHL. Among the 653 articles retained after the exclusion of duplicate articles (n = 223), 629 articles were deemed unsuitable based on title and abstract reviews. A detailed examination of the full texts of the 24 remaining articles resulted in the exclusion of 20 studies. Ultimately, four studies involving a total of 803 patients were included in the systematic review and meta-analysis, along with trial sequential analysis (TSA). The flow of the literature throughout the assessment process is illustrated in a PRISMA flow chart (Figure 1).




2.2. Study Characteristics


For the original review, four studies were identified in the literature search (Table 1), all of which were randomized controlled trials (RCTs). These RCTs involved a total of 803 patients, all diagnosed with OAB, with the exclusion of those with neurogenic detrusor overactivity. All the involved patients received onabotulinumtoxinA (Botox®, Allergan, Irvine, CA, USA) bladder injections to treat their OAB symptoms. All these RCTs had participants with a mean age over 65, except for the study by Moore et al. [24]; therefore, only the subgroup of participants over 65 years old was included from this study.




2.3. Risk of Bias Assessment


Table 2 outlines the findings of the risk of bias assessment, conducted using the Cochrane Risk of Bias Tool 2 for RCTs. Three RCTs [24,25,27] were found to have some concerns regarding the randomization process and missing outcome data due to unclear allocation concealment and the potential impact of missing outcome data. One study [27] was flagged for some concerns related to selective reporting bias, as the outcomes were insufficiently analyzed due to an inadequate sample size. In terms of overall risk of bias, one study [26] was evaluated as having a low risk of bias, while the remaining three [24,25,27] were considered to have a high risk of bias.




2.4. Daily Urinary Incontinence (UI) Episodes


The daily UI episodes were investigated in three RCTs [25,26,27], involving a total of 308 patients (Figure 2a). The meta-analysis for daily UI episodes showed a significant advantage for BoNT-A at both the 4- to 6-week and 12-week follow-up points. At 4 to 6 weeks, the mean difference (MD) indicated a significant reduction of 3.82 UI episodes per day (95% confidence interval (CI) −6.29 to −1.35, p = 0.002). At 12 weeks, the MD demonstrated a significant reduction of 2.17 UI episodes per day (95% CI −3.22 to −1.12, p = 0.000).



Trial sequential analysis (TSA) revealed that the number of enrolled patients exceeded the required information size (RIS) for comparing the daily UI episodes between the BoNT-A group and the placebo group (Figure 2b). The cumulative Z-curve exceeded both the conventional test and trial sequential monitoring boundaries for comparing the incidence of daily UI episodes between the BoNT-A group and the placebo group.




2.5. Patient-Reported Outcomes


Patient-reported outcomes included symptom improvement, quality of life, and treatment-based response. Three RCTs were included in the analysis of symptom improvement [25,26,27], while two RCTs were included in the assessment for quality of life [25,26] and treatment-based response [24,25]. Symptom improvement showed a more prominent effect in the BoNT-A group (standardized MD = −0.762, 95% CI −0.992 to −0.532, p = 0.000; Figure 3a). Quality of life improvement was also significantly greater in the BoNT-A group compared to the placebo group (standardized MD = 0.47, 95% CI −0.712 to −0.228, p = 0.000; Figure 3b). Additionally, the treatment-based response was also significantly higher in the BoNT-A group than in the placebo group (Risk Ratio = 2.829, 95% CI 1.977 to 4.048, p = 0.000; Figure 3c). Due to the variability in self-assessment items and scales across studies, TSA is not applicable.




2.6. Adverse Events


2.6.1. Urinary Tract Infections (UTI)


Four RCTs [24,25,26,27] reported the incidence of UTI episodes. Compared with the placebo, BoNT-A intradetrusor injections were associated with a significantly elevated risk of UTI (Risk Difference (RD) = 0.111, 95% CI = 0.005 to 0.217, p = 0.040; Figure 4a). These RCTs were then divided into two subgroups based on the BoNT-A dosage: 100 U or 200 U injections (Figure 4b). The results showed no significant difference for either 100 U (RD = 0.117, 95% CI = −0.016 to 0.249, p = 0.085) or 200 U (RD = 0.084, 95% CI = −0.170 to 0.339, p = 0.516) between the BoNT-A group and the placebo group.



TSA indicated that the number of enrolled patients exceeded the RIS for comparing the incidence of UTI between the BoNT-A group and the placebo group (Figure 4c). The cumulative Z-curve exceeded both the conventional test and trial sequential monitoring boundaries for comparing the incidence of UTI between the BoNT-A group and the placebo group. The TSA results reinforce the reliability of the observed UTI incidence, supporting the statistical robustness and sufficiency of the current sample size for determining clinical outcomes.




2.6.2. Post-Voiding Residual (PVR)


Four RCTs [24,25,26] reported the incidence of increased PVR. In all four studies, increased PVR was defined as a volume over 200 mL. Compared with the placebo, BoNT-A intradetrusor injections were associated with a significantly elevated risk of increased PVR (RD = 0.154, 95% CI = 0.058 to 0.251, p = 0.002; Figure 5a). These RCTs were then divided into two subgroups based on the BoNT-A dosage: 100 U or 200 U injections (Figure 5b). The results showed a significantly increased risk for both the 100 U (RD = 0.086, 95% CI = 0.029 to 0.143, p = 0.003) and 200 U (RD = 0.371, 95% CI = 0.202 to 0.541, p = 0.000) BoNT-A groups.



TSA revealed that the number of enrolled patients exceeded the RIS for comparing the incidence of PVR over 200 mL between the BoNT-A group and the placebo group (Figure 5c). The cumulative Z-curve exceeded both the conventional test and trial sequential monitoring boundaries for comparing the incidence of PVR over 200 mL between the BoNT-A group and the placebo group.




2.6.3. Initiation of Clean Intermittent Catheterization (CIC)


Four RCTs [24,25,26,27] reported the proportion of patients initiating CIC after treatment. The criteria for initiating CIC varied across these RCTs. In Yokoyama et al. [25] and Moore et al. [24], CIC was initiated in patients with PVR ≧ 350 mL, or PVR between 200 and 350 mL with associated symptoms. In Flynn et al. [26], CIC was deemed necessary if subjects complained of urinary retention symptoms and had a PVR > 100 mL. In Brubaker et al. [27], subjects with a PVR > 200 mL were instructed to start CIC.



Compared with the placebo, BoNT-A intradetrusor injections significantly increased the risk of CIC initiation (RD = 0.105, 95% CI = 0.021 to 0.189, p = 0.014; Figure 6a). These RCTs were then divided into two subgroups based on the BoNT-A dosage: 100 U or 200 U injections (Figure 6b). The results showed a non-significant increase in the 100 U group (RD = 0.058, 95% CI = −0.012 to 0.129, p = 0.102), but a significantly elevated risk in the 200 U group (RD = 0.263, 95% CI = 0.102 to 0.424, p = 0.001).



TSA revealed that the number of enrolled patients exceeded the RIS for comparing the incidence of CIC between the BoNT-A and placebo groups (Figure 6c). The cumulative Z-curve exceeded both the conventional test and trial sequential monitoring boundaries for comparing the incidence of CIC over 200 mL between the BoNT-A group and the placebo group.




2.6.4. Hematuria


Two RCTs [25,26] reported the incidence of hematuria. Compared with placebo, BoNT-A intradetrusor injections did not show a significantly elevated risk for hematuria (RD = −0.011, 95% CI = −0.052 to 0.030, p = 0.602; Figure 7a).



TSA indicated that only 90% (270 of 298 patients) of the RIS was accrued for comparing the incidence of hematuria between the BoNT-A group and the placebo group (Figure 7b). The cumulative Z-curve crossed the futility boundaries, leading to the conclusion that existing evidence is sufficient to show that BoNT-A intradetrusor injection is not associated with an increase in risk of hematuria.






3. Discussion


To the best of our knowledge, this study is the first meta-analysis of RCTs assessing the efficacy and safety of BoNT-A intradetrusor injections, specifically focusing on the elderly population with OAB. We conducted this meta-analysis using the most up-to-date evidence and TSA. To capture the effects more accurately, we analyzed different follow-up periods and dosages. Overall, the pooled analysis demonstrated a significant effect of BoNT-A in reducing UI episodes in elderly OAB patients, with the cumulative power supporting a true treatment response. Additionally, a significant improvement in self-reported assessments was observed in the BoNT-A group. Regarding adverse events, the risk of elevated PVR and UTI episodes was significantly higher in the BoNT-A group, although there was no significant difference in the incidence of hematuria between the two groups.



Previous systematic reviews have shown that BoNT-A intradetrusor injections reduce UI episodes in adult patients with OAB, with effects observed at both the 4–6-week and 12-week follow-up periods [28,29,30,31]. Our meta-analysis revealed that both BoNT-A 200 U and 100 U were superior to the placebo in reducing daily UI episodes in elderly OAB patients during the 4–6-week follow-up, and persisted for up to 12 weeks after BoNT-A intradetrusor injection. These findings support the use of BoNT-A as a viable intervention for managing UI in elderly patients, consistent with prior systematic reviews in adult populations. Despite elderly patients having more sensitive bladders at baseline compared to younger individuals, BoNT-A intradetrusor injections remain effective in controlling OAB symptoms [32,33]. In addition to its ability to induce chemo-denervation in the detrusor muscle, we believe the therapeutic efficacy of BoNT-A in addressing bladder hypersensitivity in older bladders is largely attributed to its capacity to induce a sensory blockade [21,34].



Moreover, our study found that BoNT-A doses above 100 U showed greater improvements than the placebo in the scores of symptom assessment and quality of life during follow-up from weeks 4 to 12. This could be attributed to the reduction in UI episodes, which may help prevent social isolation in the elderly, reduce anxiety and embarrassment, and improve sleep quality [35,36]. Although these subjective assessments support the use of BoNT-A intradetrusor injection in elderly OAB patients, the proportion of patients willing to undergo repeat injections indicates their satisfaction [37]. Previous observational studies have demonstrated that male patients exhibit a lower propensity for repeat treatments [38]. This is likely due to increased urethral resistance, which predisposes them to higher PVR volumes and a consequent need for CIC. Furthermore, observational studies in geriatric cohorts have reported a 42% rate of repeat injections among elderly patients, indicating inherent limitations of this therapy [39]. In other words, despite significant symptom improvement, the low rate of repeat injections suggests that side effects may affect the treatment’s acceptability. The four RCTs included in this analysis did not provide data on patients’ willingness to undergo repeated injections, highlighting a potential area for further investigation and refinement in future studies.



These findings underscore the efficacy of BoNT-A; however, its potential adverse effects must also be carefully considered. With regard to the direct chemo-denervation effect on the detrusor muscle, elevated PVR and urinary retention are frequent concerns following BoNT-A intradetrusor injections [28]. Previous systematic reviews have shown that PVR significantly increases after BoNT-A intradetrusor treatment in adult OAB patients [29,30,40]. Nonetheless, CIC is typically a temporary requirement with a relatively low incidence [41]. A retrospective study indicated that only 1.8% of patients receiving BoNT-A intradetrusor injection required CIC for more than 12 weeks [42]. Our study further demonstrated a higher occurrence of significant PVR in the elderly following BoNT-A intradetrusor injection, with 9.5% of patients in the BoNT-A group requiring CIC. Notably, Liao and Kuo’s study suggested that frailty, rather than chronological age, was a key factor associated with increased PVR after intradetrusor injection [43]. Moreover, Arrom et al. noted that age was not a significant predictor of adverse events in multivariate analyses [44]. Our study also demonstrated that adverse events, such as elevated PVR volumes and the need for CIC, were more frequently observed with the 200 U dosage, while the incidence of CIC in the 100 U BoNT-A intradetrusor injection subgroup showed only a trend without reaching statistical significance. Although our study did not identify a single conclusive predictive factor, earlier studies imply that urinary retention may result from diabetic effects on detrusor contractility or bladder outlet obstruction due to prostatic enlargement in male patients [45,46,47]. Given that retention is a potential outcome, patients should be adequately informed about the possible need to manage CIC or use an indwelling catheter prior to undergoing BoNT-A intradetrusor injections. Additionally, for the elderly population, starting with a 100 U injection is a more prudent choice.



UTI remains a frequent yet challenging issue following intradetrusor BoNT-A administration [48]. A recent systematic review reported a 29.8% prevalence of UTI post-BoNT-A intradetrusor injection for managing OAB [49]. Our research revealed a notably elevated incidence of UTIs in the BoNT-A group. Factors such as storage and voiding dysfunction have been proposed as contributors to recurrent UTI [50,51]. This may be attributed to reduced bladder compliance and heightened detrusor pressure, particularly in older individuals [52]. A bladder with compromised compliance results in elevated intravesical pressure during both the filling and voiding stages, leading to ischemic changes in the bladder [53,54]. The chemo-denervation effect of BoNT-A intradetrusor injections can relax the detrusor muscle, reduce bladder storage pressure, and improve bladder compliance, theoretically lowering the risk of UTIs caused by high bladder pressure [55]. However, in practice, BoNT-A intradetrusor injections in elderly patients have been associated with an increased incidence of UTIs, suggesting that other mechanisms may play a more dominant role in contributing to infection risk. Aside from improving bladder storage function, the chemo-denervation effect also reduces detrusor voiding contractility, which leads to incomplete bladder emptying and increased PVR, creating a favorable environment for bacterial growth. Elevated PVR is a well-known risk factor for UTIs, as residual urine serves as a breeding ground for pathogens [41].



Beyond the issues related to bladder storage and voiding function, host factors also play a critical role in the development of UTIs in the elderly population. With aging, there is a natural decline in the immune response, reducing the body’s ability to effectively fight infections [56]. Comorbidities such as diabetes and chronic kidney disease can further weaken systemic immune defenses, increasing susceptibility to infections [57,58]. Additionally, urothelial dysfunction, caused by both the aging process and trauma from needle injections, could be another important factor [59]. Disruption of the bladder urothelial lining can impair its ability to prevent bacterial adherence, making it easier for pathogens to colonize and invade the bladder [60].



Transient hematuria is a documented side effect after botulinum toxin injection. Potential causes may include trauma from injections, but our study found no significant difference in hematuria incidence between BoNT-A and the placebo. Previous studies also reported no significant difference [61]. Other literature exploring patients with a median age of 70 on anticoagulants reported no cases of significant hematuria [62].



There are some limitations to this study. Firstly, the relatively small sample size and lack of RCTs in this area may affect the generalizability of the findings. To address this, we employed TSA to ensure adequate statistical power and mitigate the risk of type I errors. Additionally, relying on average age rather than including all individuals over 65 may result in an incomplete reflection of the geriatric population. This limitation stems from the challenges of enrolling trials in this relatively fragile population. Despite subjective symptomatic improvement shown in BoNT-A intradetrusor injection, many actually failed to receive repeated injections due to adverse effects [33]. This study did not explore repeated injections, which may provide further insight into patient satisfaction, treatment efficacy, and adverse effects. Future prospective case–control studies may offer additional clarity on this issue.




4. Conclusions


This meta-analysis is the first to comprehensively evaluate and analyze the efficacy and safety of BoNT-A intradetrusor injections in elderly patients with OAB, using the latest evidence and TSA. Our analysis showed that BoNT-A significantly reduces UI episodes and improves self-reported assessments. However, there is a higher risk of large PVR volume and UTIs with BoNT-A treatment. Based on these findings, clinicians should carefully weigh the benefits of BoNT-A in controlling UI against its potential risks, particularly in elderly populations prone to infections and urinary retention. While our study offers valuable insights into BoNT-A injections for elderly patients with refractory OAB, further research is needed to establish more definitive evidence on its clinical benefits and potential risks.




5. Materials and Methods


This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [63]. The review was not registered.



5.1. Eligibility Criteria


We included only RCTs that recruited patients with overactive bladder (OAB) treated with BoNT-A. The inclusion criteria were as follows: (1) studies with a population with a mean age of >65; (2) patients with OAB who had not achieved satisfactory results with oral antimuscarinics or beta-3 agonists, or who were intolerant to these AEs; (3) RCTs comparing BoNT-A with a placebo. The exclusion criteria included non-randomized studies, such as case reports, reviews, descriptive studies, animal studies, or in vitro studies.




5.2. Search Strategy


We conducted a comprehensive search of databases including PubMed, Embase, the Cochrane Central Register of Controlled Trials, Scopus, and CINAHL (EBSCOhost) using the keywords “overactive bladder”, “botulinum toxin”, and “elderly”, covering the period from inception to May 30th, 2024. Details of the search terms are listed in Table S1. The reference lists of the retrieved studies were also reviewed to identify additional relevant articles. No language restrictions were applied.




5.3. Study Selection and Data Extraction


The process of study selection was conducted by two authors (Y.-H.C. and J.-H.K.) independently. An initial screening of titles and abstracts was performed to select potentially eligible studies. After the initial screening, the full texts of the selected studies were reviewed, and the final decision was made regarding inclusion and exclusion criteria. Any discrepancies between the two authors during selection were resolved by discussion and consensus with senior authors (Y.-C.O. and Y.-C.L.). Data on participant demographics, types of intervention, dosage of BoNT-A, treatment duration, outcome measurements, and adverse events were collected. The study authors were contacted through email for further study details.




5.4. Quality Assessment


The quality of the selected RCTs was evaluated using the Cochrane Risk of Bias Tool 2 for RCTs. Any disagreement was resolved through mutual discussion, and the senior authors, Y.-C.O. and Y.-C.L., made the final decision if a consensus was not reached. We summarize the risk of bias in Table 2.




5.5. Statistical Analysis


5.5.1. Conventional Meta-Analysis


The primary outcomes included an improvement in daily UI episodes and patient-reported outcomes. The secondary outcomes comprised UTI, a PVR over 200 mL, CIC initiation, and hematuria. Changes in urinary symptoms after BoNT-A administration were analyzed as the primary outcomes using a random-effects model. Continuous outcomes, such as daily UI episodes, were reported as MD with 95% CI, while patient-reported outcomes were presented as standardized MD with 95% CI. Dichotomous outcomes, including UTI, PVR over 200 mL, CIC initiation, and hematuria, were reported as RD with 95% CIs. The I2 statistic was used to assess between-study heterogeneity, with cutoff values of 50% and 75% indicating low, moderate, and high heterogeneity, respectively. All meta-analyses were conducted using Comprehensive Meta-Analysis Software version 3.7 (Biostat, Englewood, NJ, USA).




5.5.2. Trial Sequential Analysis (TSA)


TSA was utilized to calculate the RIS and evaluate whether the findings were definitive [64]. We conducted TSA using software version 0.9 beta (Copenhagen Trial Unit, Centre for Clinical Intervention Research, Copenhagen, Denmark). The Biggerstaff–Tweedie (BT) method was employed to evaluate random effects. To control for type I errors in hypothesis testing, we utilized O’Brien–Fleming monitoring boundaries. The RIS was determined based on an alpha level of 0.05 (two-sided) and a beta level of 0.20, corresponding to a statistical power of 80%. The mean difference effect was estimated using a random-effects model that incorporated both the variance and heterogeneity observed among the included trials.



Statistical significance was defined by the cumulative Z-curve crossing the TSA boundaries. Specifically, an outcome was considered a true positive if the Z-curve crossed the O’Brien–Fleming boundaries before reaching the estimated RIS, or if the Z-curve surpassed 1.96 when the cumulative sample size exceeded the RIS. In contrast, if the Z-curve entered the futility zone, it was categorized as a true negative. Any analysis in which the total sample size did not achieve the RIS was regarded as underpowered.
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Figure 1. The PRISMA flow chart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis; RCT, randomized controlled trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature; Embase, Excerpta Medica Database. * Individuals who were not specifically patients with overactive bladder; ** studies where botulinum toxin was not administered via direct injection into the detrusor muscle, but rather, through alternative methods, such as instillation. 






Figure 1. The PRISMA flow chart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis; RCT, randomized controlled trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature; Embase, Excerpta Medica Database. * Individuals who were not specifically patients with overactive bladder; ** studies where botulinum toxin was not administered via direct injection into the detrusor muscle, but rather, through alternative methods, such as instillation.



[image: Toxins 16 00484 g001]







[image: Toxins 16 00484 g002] 





Figure 2. Change in daily urinary incontinence episodes in BoNT-A group and placebo group. (a) Forest plot for weeks 4–6. (b) Forest plot for week 12. (c) Trial sequential analysis plot. UI, urinary incontinence; BoNT-A, botulinum toxin type A; TSA, trial sequential analysis; CI, confidence interval. 
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Figure 3. Change in patient-reported outcomes in BoNT-A group and placebo group. Forest plot of (a) symptom improvement, (b) quality of life, and (c) treatment-based response. QoL, quality of life; BoNT-A, botulinum toxin type A; CI, confidence interval. 
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Figure 4. Incidence of urinary tract infection in BoNT-A group and placebo group. (a) Forest plot. (b) Subgroup analysis of 100 U and 200 U doses. (c) Trial sequential analysis plot. UTI, urinary tract infection; BoNT-A, botulinum toxin type A; TSA, trial sequential analysis; CI, confidence interval. 
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Figure 5. Incidence of post-voiding residual ≥ 200 mL in BoNT-A group and placebo group. (a) Forest plot. (b) Subgroup analysis of 100 U and 200 U doses. (c) Trial sequential analysis plot. PVR, post-voiding residual; BoNT-A, botulinum toxin type A; TSA, trial sequential analysis; CI, confidence interval. 
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Figure 6. Incidence of clean intermittent catheterization in BoNT-A group and placebo group. (a) Forest plot. (b) Subgroup analysis. (c) Trial sequential analysis plot. CIC: clean intermittent catheterization; BoNT-A: botulinum toxin type A; TSA: trial sequential analysis; CI, confidence interval. 
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Figure 7. Incidence of hematuria in BoNT-A group and placebo group. (a) Forest plot. (b) Trial sequential analysis plot. BoNT-A, botulinum toxin type A; TSA, trial sequential analysis; CI, confidence interval. 
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Table 1. Study characteristics of included studies. OAB, overactive bladder; RCT, randomized control trial; BoNT-A, botulinum toxin type A.
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Study

	
Study

Design

	
Region

	
Trial

Registration No.

	
Population

	
Group

	
Sample

Size

	
Gender:

Female,

n (%)

	
Mean Age, Years

	
Intervention and Comparison

	
Treatment

Duration






	
Yokoyama et al.

(2020) [25]

	
RCT

	
Japan

	
NCT02820844

	
OAB

	
Intervention

	
124

	
92 (74)

	
65.9

	
BoNT-A 100 U

	
12 weeks




	
Control

	
124

	
94 (76)

	
Placebo




	
Moore et al.

(2015) [24]

	
RCT

	
UK/USA

	
NCT00910520

NCT0091845

	
OAB

	
Intervention

	
245

	
-

	
>65

	
BoNT-A 100 U

	
12 weeks




	
Control

	
225

	
-

	
Placebo




	
Flynn et al.

(2009) [26]

	
RCT

	
USA

	
NCT00178191

	
OAB

	
Intervention

	
15

	
-

	
66

	
BoNT-A

200 U or 300 U

	
6 weeks




	
Control

	
7

	
-

	
Placebo




	
Brubaker et al.

(2008) [27]

	
RCT

	
USA

	
NCT00373789

	
OAB

	
Intervention

	
28

	
100%

	
66.3

	
BoNT-A 200 U

	
4 weeks




	
Control

	
15

	
100%

	
Placebo








-, information regarding the gender of the patients was not available in the publication.













 





Table 2. Risk of bias assessment.
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	First Author
	Randomization

Process
	Intervention

Adherence
	Missing

Outcome Data
	Outcome

Measurement
	Selective

Reporting
	Overall RoB





	Yokoyama et al.

(2020) [25]
	S 1
	L
	S 2
	L
	L
	H



	Moore et al.

(2015) [24]
	S 1
	L
	S 2
	L
	L
	H



	Flynn et al.

(2009) [26]
	L
	L
	L
	L
	L
	L



	Brubaker et al.

(2008) [27]
	S 1
	L
	S 3
	L
	S 4
	H







RoB, risk of bias; L, low risk of bias; S, some concerns; H, high risk of bias. 1 The studies did not provide allocation concealment details. 2 The studies did not provide explicit numbers or reasons for missing data, and the handling method was unclear. 3 Six subjects withdrew due to severe adverse events, including non-urinary infection and cardiovascular, neurological, and musculoskeletal system injuries. One subject in the placebo group died due to unrelated congestive heart failure. 4 Some secondary outcomes were not sufficiently analyzed due to an inadequate sample size.
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