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Purpose: Mirabegron is a recent addition to the management options of overactive bladder (OAB) in children. The purpose of this study was to ascertain the role of Mirabegron in the treatment algorithm of therapy-resistant OAB especially after botulinum toxin.

Methods: Case notes of all children receiving Mirabegron between July 2017 and February 2020 were reviewed.

Results: Forty one children (21 females, 20 males), mean age 12.6 [8–17] years old, commenced Mirabegron: 35 idiopathic OAB, 6 neuropathic OAB. The mean duration of treatment was 20.7 [3–45] months. In total 24 (59%) had Mirabegron after partial/no response to anticholinergics, and 17 (41%) patients had Mirabegron subsequent to botulinum toxin A (BtA) as an exit strategy. In total 35 (85%) patients had combination therapy (Mirabegron and anticholinergics), and 6 (15%) patients had Mirabegron only. Fourteen (34%) had complete response, 17 (41%) had partial response, and 10 (24%) had no response. Side effects were reported in 7 (17%) patients with discontinuation necessitated in 3.

Conclusion: Mirabegron when used alone or in combination with anticholinergics resulted in complete/partial response in 76% of anticholinergic therapy-resistant OAB. In addition to being an important step in treatment escalation after no/partial response to anticholinergics, it has a crucial role in the exit strategy for recurring symptoms after BtA wears off.
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INTRODUCTION

Idiopathic overactive bladder (OAB) is a common lower urinary tract dysfunction (LUTD) in children and is characterized by the presence of urinary urgency accompanied with daytime urinary wetting and frequency (1). It may be associated with nocturia and/or nocturnal enuresis. OAB symptoms may also be associated with neuropathic bladder.

The overall prevalence of idiopathic OAB (IOAB) reported in children is between 5–17 % (2–4). Avoidance, lack of awareness and embarrassment of the symptoms presented could lead to the under-reporting of symptoms in children (5). The sequelae of uncontrolled symptoms of IOAB can have a negative impact on the children's emotional and behavioral well-being leading to social isolation, depression, and anxiety (6).

Anticholinergic medications such as oxybutynin, tolterodine, and solifenacin are the first line of medical treatment for children with OAB. These drugs act on M2 and M3 receptors in the bladder and antagonize the parasympathetic response to acetylcholine (7). The action of the drug on the receptors leads to the relaxation of bladder smooth muscle and helps toward reducing urine leakage. In children with OAB who have failed initial urotherapy and anticholinergic treatment, Mirabegron is an option. Mirabegron, a selective β3-adrenoreceptor agonist, is well-established in adult practice. The drug is not currently licensed for use in children (7). More recently, in 2021, Mirabegron is approved by the FDA for use in neurogenic detrusor overactivity (NDO) treatment in children (8). Mirabegron works by acting on the smooth muscles of the bladder, causing relaxation which results in the increase in bladder capacity without changing micturition pressure, voiding contraction, and post-void residual (7, 9). Mirabegron can be used as monotherapy or in combination with anticholinergics (7, 10, 11).

Botulinum toxin A (BtA) is an established treatment option in patients with refractory OAB. The drug prevents release of acetylcholine and adenosine 5-triphosphate from parasympathetic presynaptic terminations (2). This promotes a reversible desensitization and flaccid paralysis of the bladder muscle wall (2). If BtA is used in OAB, it is usually effective for 6–12 months (2). Many require repeated BtA injections 6–9-monthly for sustained relief of symptoms, and this requires general anesthesia in children. The exit strategy following BtA means that repeated BtA can possibly be avoided by commencing Mirabegron/anticholinergics when BtA wears off. We hypothesized that Mirabegron and/or anticholinergic medication has a good chance of being effective after BtA even if they were not helpful pre-BtA. Therefore, we investigated the role of Mirabegron as an option in the exit strategy after BtA.

The aim of our study is to:

1) To evaluate the effectiveness of Mirabegron in pediatric patients with refractory OAB.

2) To understand the role of Mirabegron in the medical treatment algorithm for children with OAB.

3) To review the adverse effects of Mirabegron in children.



METHODS

In our center, all children with OAB symptoms get a standard assessment with ultrasound urinary tract, uroflow studies, and bladder diary. The treatment algorithm starts with urotherapy and treatment of constipation if present, followed by introduction of anticholinergics as required. Oxybutynin is the first choice, and the dose is escalated to maximum tolerated. If there is partial/no response/adverse effects with oxybutynin, solifenacin is started at 5 mg and quickly escalated to 10 mg as required. If maximal anticholinergic therapy failed to produce an optimal response, we would escalate to the next step which is the addition of Mirabegron to anticholinergics. We prefer to commence Mirabegron, as combination therapy with anticholinergics and dose of anticholinergics was not reduced unless there were adverse effects on a higher dose.

However, prior to introduction of Mirabegron in 2017, intra-vesical botulinum toxin injection would be the next step after failure of anticholinergics.

We have 2 cohorts of patients:

Group 1 (treated with BtA before 2017) who had Mirabegron after BtA.

Group 2 who had Mirabegron after failure of anticholinergic therapy and did not have BtA before Mirabegron therapy.

Children who had BtA for OAB were advised to watch out for recurrence of symptoms, and at the first sign of onset of symptoms, they were started on anticholinergics and Mirabegron was added if required.

Case notes of all children receiving Mirabegron between July 2017 and February 2020 were reviewed retrospectively. Data on demographics, treatment details, dose, efficacy, and side effects were collected. Efficacy was assessed based on clinical response detailed in consultant-led clinic letters. Derived from the ICCS criteria with some modification, the response was documented as complete (>90% reduction of LUTD symptoms), partial (50%-90% reduction), and no response (<50% reduction) (1). The treatment efficacy was assessed on the reported patient or/and carers' description of response to treatment, including urinary frequency, urgency, day and/or night time wetting episodes, and impact on daily activities. The treatment efficacy response data were collected and interpreted by the clinician seeing the patient in clinic.

All children who were given Mirabegron had baseline tests including full blood count, renal and liver function test, blood pressure check, and 12-lead electrocardiogram (ECG). Routine monitoring of blood pressure was done 1 and 4 weeks after commencing Mirabegron treatment (7).



RESULTS

Between July 1, 2017, to February 29, 2020, 41 children (21 females), ranging from 8 to 17 years (mean 12.6 years), received Mirabegron treatment. Mirabegron was commenced at a dose of 25 mg and later increased to 50 mg as required. At the time of assessment, 27 children were on a 50-mg dose. Fourteen children were on 25 mg, and of these 7 had CR, 4 had PR, and 3 had NR. Of 7 children with NR/PR, the dose was not increased to 50 mg as there were side effects in 2, 1 wanted BtA, and others were still in the process of treatment escalation. Patient data were updated in April 2021. The mean treatment duration was 20.7 [range 3–45] months at the time of evaluation. The mean follow-up was 23.5 months. The primary diagnosis was IOAB in 35 (85%), whereas 6 (15%) had neuropathic etiology. Mirabegron was used in combination with anticholinergics in 35 (85%), 33 patients were on 10 mg solifenacin, and 2 were on 15 mg oxybutynin. The remaining 6 (15%) patients were on Mirabegron monotherapy, usually due to intolerance to anticholinergics.


Response to Mirabegron Treatment

On combination therapy, 12 (34%) patients had complete response (CR) and 13 (37%) patients had partial response (PR). Ten (29%) patients had no response (NR) (Table 1). There were 6 children on monotherapy, and of these 2 (33%) had complete response and 4 (67%) had partial response. Overall, 31 (76%) children had partial/complete response to Mirabegron treatment (Table 1).


Table 1. The response of Mirabegron treatment in children.
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Mirabegron After BtA

Seventeen (41%) children (Group 1) had Mirabegron for return of symptoms after BtA. Fifteen received a combination therapy of Mirabegron and an anticholinergic, and 2 had Mirabegron alone. The Group 1 cohort had an average of 1.9 BtA sessions before Mirabegron. Seven had CR, 8 had PR, and 2 had NR. Only 4 needed further BtA after Mirabegron therapy. The mean duration between a patient receiving their last BtA and assessment of Mirabegron success was 44.5 months, thus excluding any residual effect from BtA. Our algorithm is to start back on anticholinergic as soon as there are first signs of symptoms of OAB after BtA and add Mirabegron if symptoms are only partially responding to anticholinergic.



Reported Side Effects of Mirabegron

The adverse effects reported in 7 patients included headaches (n = 2), nausea (n = 1), dizziness (n = 1), disturbed vision (n = 1), chest pain (n = 1), abdominal pain (n = 1), high blood pressure (n = 1), and being generally unwell (n = 1). Discontinuation of Mirabegron treatment was necessitated in 3 (7%) patients: one patient experienced nausea and vomiting, another patient was feeling generally unwell, and one suffered from high blood pressure (136/90).




DISCUSSION

Mirabegron, a β3-adrenoceptor-selective agonist, is not currently licensed for use in children, although few available studies in children have demonstrated promising results (7, 11, 12). However, Mirabegron is recently approved by the FDA for use in neurogenic bladder treatment in children (8). In adult patients, NICE guidelines recommend the use of Mirabegron after first-line treatments such as anticholinergics have failed or there are adverse effects of drug treatment (13). A systematic review and meta-analysis conducted by Kelleher et al. (10) demonstrated that the outcome of Mirabegron use in adults with OAB was better than that of placebo at reducing LUTD symptoms and as effective as most antimuscarinic therapy with fewer anticholinergic side effects as dry mouth, constipation, and urinary retention. Blais et al. (7) conducted a prospective pilot study on 58 pediatric patients who had not responded to medical therapy with at least two different anticholinergics. The study concluded that 58 refractory OAB patients who underwent 11.5 months of Mirabegron monotherapy had significant improvement in bladder capacity and up to 90% of patients showed improvement in LUTD symptoms (7). In our cohort of refractory OAB, 31 (76%) children reported improvement in their symptoms after taking Mirabegron, either alone or in combination with anticholinergics. While our success rates are not as high as the study by Blais et al. (7), it is clear that Mirabegron has a role in the management of children with refractory OAB.


Mono- and Combination Therapy

Mirabegron acts on β3 receptors and anticholinergics on Ach receptors; therefore, it would be logical to use them in combination to achieve maximal bladder relaxation. The meta-analysis by Kelleher et al. (10) demonstrated that combination therapy of Mirabegron 25 mg (or 50 mg) with solifenacin 5 mg was more effective than Mirabegron alone. According to them, solifenacin plus Mirabegron in combination can be an effective treatment in patients who are not responding adequately to anticholinergics alone and potentially reduces the number of patients who need invasive treatment options like intravesical BtA (10).

Another prospective off-label study was conducted by Morin et al. (12) on 35 refractory OAB pediatric patients, and Mirabegron was given as dual therapy along with anticholinergics for 16.4 months. The study demonstrated improvement in all patients with a median increase bladder capacity of 24%, 66% had partial response, and 34% patients were completely dry after combination therapy (12). It is our practice to prefer combination therapy to Mirabegron monotherapy in refractory OAB children, and 85% of our patients were started on combination therapy. The reason for monotherapy was intolerance to anticholinergics.

Fryer et al. (11) reported their experience of Mirabegron in 68 refractory OAB children, mostly used as monotherapy. They reported that in their cohort 31 (46%) discontinued Mirabegron due to either no improvement or side effects. Of the 37 children who continued Mirabegron for more than 6 months, 70% showed improvement in symptoms. Monotherapy was taken by 32 patients and combination therapy by 5 (Solifenacin) (11). Fryer et al. (11) suggested to consider combination therapy as soon as monotherapy does not improve symptoms.



Exit Strategy After BtA Treatment

When OAB symptoms are refractory to anticholinergics/Mirabegron, BtA is the next option. While BtA is a well-recognized therapeutic option, there is not a clear pathway as to what happens after it wears off. For recurrence of symptoms after BtA, the options are to consider either repeat BtA or anticholinergics. Ingham et al. (14) reported that 92% of children have recurrence of OAB symptoms after initial BtA and 44% require repeat BtA. In our experience, complete long-term resolution after single BtA is rare.

While there is recurrence of detrusor overactivity 6–9 months after BtA, there is a long-term improvement in baseline detrusor function which makes oral anticholinergics and/or Mirabegron effective even though it has not been so before BtA. In our practice, anticholinergic/Mirabegron combination therapy is an important rescue therapy after BtA.

In our cohort (group 1), 17 children were given Mirabegron for recurrence of symptoms after BtA. Of these, 7 had complete response, 8 had PR, and 2 had no response (1 discontinued due to side effects). Only 4 (24%) of the 17 children required repeat BtA as opposed to 44% reported in other studies (14). The BtA treatment dose for children 5 units per kg, maximum of 150 units first time. If the patient continues to demonstrate a suboptimal response after the initial treatment dose, a higher dose may be required at 10 units per kg, maximum 300 units.



Adverse Effects

Mirabegron is a well-tolerated drug. However, side effects have been reported. The commonly reported side effects of Mirabegron use in adults are dry mouth, headaches, and urinary retention (10, 13, 15). In children, reported side effects include xerostomia, headaches, dizziness, seizures, nausea, vomiting, rash, abdominal pain, chest pains, heart rate, and blood pressure changes (7, 11, 12). The side effects of Mirabegron may necessitate discontinuation of treatment. In our study, only 7% of the children discontinued treatment due to adverse effects. Fryer et al. (11) also reported that 10% of children discontinued Mirabegron due to adverse effects which include headaches, nausea, vomiting, dry mouth, seizures, and rash. Blais et al. (7) reported side effects in 9% of the children, and discontinuation of treatment was necessary in 5%.

In adults, cardiovascular side effects such as hypertension and prolonged QT interval on ECG are one of the main concerns under Mirabegron treatment (9). Extra caution should be taken in patients who have a history of hypertension and long QT syndrome (13). In our cohort, all children had ECG conducted before the commencement of Mirabegron treatment to check for QT prolongation and had blood pressure monitoring after commencement. All our patients had normal ECG/QTc intervals and normal blood pressure prior to treatment. After commencement, 1 patient had to stop therapy due to high blood pressure. Other side effects experienced by our patient cohort were headaches, nausea, dizziness, vision disturbances, chest pain, and abdominal pain.



Stepwise Approach to OAB

The stepwise medical management of IOAB in children starts with anticholinergics as first line after urotherapy. Based on the limited literature available, Mirabegron represents a viable step in the treatment algorithm of children with refractory OAB. In children who have inadequate response to anticholinergics but are able to tolerate it, we usually add Mirabegron as combination therapy. If they have partial or no response to this, then BtA is the next escalation in treatment. When BtA effect wears off and symptoms recur, we again start medical treatment with anticholinergic and/or Mirabegron. In case of partial/no response, repeat BtA is considered.

Our study has several limitations. Patient data collected from medical records detailing description of symptom reduction can be challenging for subjective interpretation, specifically for partial and no response to Mirabegron treatment. Furthermore, our study is limited by a relatively small sample size. In our clinical experience, getting children to provide meaningful bladder diary data on a consistent basis for evaluation outside of research setting is very difficult, mainly because of poor patient compliance.




CONCLUSION

Mirabegron alone or in combination improved LUTD symptoms in 31 (76%) of 41 patients with refractory OAB. It is effective and safe for children, mostly used in combination with anticholinergics as next step in treatment escalation after no/partial response to anticholinergics. Our study highlights the role of Mirabegron in the exit strategy after BtA. Mirabegron helps in reducing the need for repeated BtA injections. Further research into the objective measurement of effect of Mirabegron therapy with use of frequency–volume charts would be a way forward to substantiate our initial results.
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