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Objective: To observe the efficacy and safety of pelvic floor magnetic stimulation
(PFMS) combined with mirabegron in female patients with refractory overactive
bladder (OAB) symptoms.

Patients and methods: A total of 160 female patients with refractory OAB
symptoms were prospectively randomized into two groups. Eighty cases in the
combination group accepted PFMS and mirabegron therapy and 80 cases as
control only accepted mirabegron therapy (The clinical trial registry number:
ChiCTR2200070171). The lower urinary tract symptoms, OAB questionnaire
(OAB-q) health-related quality of life (HRQol), symptom bother score and
OABSS between two groups were compared at the 1st, 2nd and 4th week ends.

Results: All of 160 patients were randomly assigned to two groups, of which
80 patients were included in the combination group and 80 in the mirabegron
group. The incidences of LUTS, including urgency, frequent urination, and
incontinence episodes, in the 2nd week and the 4th week after combination
treatment were significantly lower than those in the mirabegron group (p <0.05).
The incidence of drug-related adverse events between two groups was similar,
and there was no statistically significant difference (p>0.05). With respect to
secondary variables, the OAB-g HRQol score in the combination group was
statistically superior in comparison with that in the mirabegron group between
the 2nd week and the 4th week (p <0.05). This was consistent with the primary
outcome. Meanwhile, from the second to fourth week, the OAB-q symptom
bother score and OABSS in the combination group were both lower than in the
mirabegron group (p < 0.05).

Conclusion: Combination therapy of PFMS and mirabegron demonstrated
significant improvements over mirabegron monotherapy in reducing refractory
OAB symptoms for female patients, and providing a higher quality of life without
increasing bothersome adverse effects.

Clinical Trial Registration: https://www.chictr.org.cn/, ChiCTR-INR-22013524.

01 frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2024.1373375﻿&domain=pdf&date_stamp=2024-04-10
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.frontiersin.org/articles/10.3389/fnins.2024.1373375/full
https://www.chictr.org.cn/
mailto:18915973028@163.com
https://doi.org/10.3389/fnins.2024.1373375
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2024.1373375

Liang et al.

KEYWORDS

10.3389/fnins.2024.1373375

refractory overactive bladder, pelvic floor magnetic stimulation, mirabegron,
combination therapy, incontinence

1 Introduction

As everyone knows, overactive bladder (OAB), defined by the
International Association for Urology, was a syndrome characterized by
urgency of urination, often accompanied by symptoms of frequent
urination and nocturia, with or without urgent urinary incontinence,
without urinary tract infections or other clear pathological changes
(Haylen et al., 2010). According to data published in 2011, the overall
prevalence of OAB in China was 6.0%, with 5.9% in males and 6.0% in
females. The overall prevalence of OAB increases significantly with age.

OAB can have a significant impact on the quality of patients’ life
(Wang et al., 2011). There were many treatment methods for OAB, mainly
including behavioral therapy, drug therapy, invasive therapy (botulinum
toxin injection, nerve stimulation therapy), etc. (Malde et al., 2018).
Mirabegron, the first and only selective 3-adrenergic receptor agonist
agent, has appeared as an emerging drug class for the treatment of urinary
incontinence, urgency, and frequency caused by OAB (Igawa and Michel,
2013). Meanwhile, our team’s previous study showed that mirabegron acts
through a different mechanism to relieve OAB symptoms with fewer
adverse effects (Tang et al., 2022). Neuroregulation inhibits detrusor
muscle contraction by stimulating peripheral nerves to induce inhibitory
neural reflexes. Therefore, pelvic floor magnetic stimulation (PEMS) of
the S3 nerve root can acutely inhibit idiopathic detrusor instability and
plays a significant role in the treatment of OAB. Choe et al. found that 27
patients (56.3%) were cured which OAB treated with magnetic
stimulation alone compared to baseline at 2weeks (Ho et al., 2007). The
maximum urine output did not show a significant change, but the average
urine output significantly increased after stimulation.

However, there were still a considerable number of patients who
experienced the above treatment, achieved poor results and accompanied
by frequent urinary urgency and abnormal urination behavior, seriously
affecting their daily life and work. The American Society of Urology
defined refractory OAB as: poor relief of OAB symptoms after long-term
behavioral training, or failure to receive an anticholinergic medication for
6-12weeks (including poor symptom relief or intolerable adverse
reactions) (De Wachter et al., 2019). In order to improve clinical efficacy,
many scholars have begun to try comprehensive therapies for refractory
OAB. Currently, there are few studies on the use of mirabegron or PFMS
in female patients with refractory OAB symptoms. Hence, we conducted
this prospective, randomized trial to explore new treatment models and
assess the effectiveness and safety of PEMS combined with mirabegron
for refractory OAB.

2 Methods
2.1 Patients

From May 2022 to November 2023, eligible female patients with
refractory OAB symptoms who were referred to our institute were
considered for this study. These patients were divided into the
mirabegron group (including 80 patients) and the combination group
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(including 80 patients) under applying strict inclusion criteria and
randomly assigning the patients by the envelope method (Figure 1). The
pre-treatment evaluation data of each participant included general
information, medical history, physical examination, laboratory
examination and imaging examination. The study was approved by the
clinical research ethics committee of the Affiliated Jiangning Hospital
of the Nanjing Medical University (ethics approval number: 202200137).
Written informed consent was obtained from all participants.

In this prospective study, we evaluated the effectiveness and safety
of mirabegron and combination of PFMS and mirabegron in relieving
refractory OAB symptoms, using the overactive bladder questionnaire
(OAB-q) health-related quality of life (HRQol), symptom bother score
and overactive bladder syndrome score (OABSS).

2.2 Study procedure

The patients in both groups in this study were independent and
randomized. Mirabegron 50 mg once a day was given to the patients in
the mirabegron group. The other patients in the combination group
received mirabegron 50 mg once daily and PEMS twice a week. Magnetic
stimulation therapy was performed on patients using Magneuro 30F
magnetic stimulator (Weisi, Nanjing). The patient did not need to undress
and sited directly on the treatment chair, and chose the treatment mode
for overactive bladder (Figure 2). Adjust the intensity of stimulation based
on the patient’s subjective perception, with an appropriate intensity of 5%
increase after the patient had a sense of anal contraction. The specific
parameters of treatment device were set to a stimulation frequency of
10Hz, a stimulation time of 4s, a rest time of 65, and a treatment time
of 20min.

All patients were advised to drink enough water to maintain a daily
urine volume more than 1,500mL. Each patient was also asked to
complete a real-time questionnaire to report potential drug-related
adverse events, and clinical symptoms related to urgency, frequent
urination, and incontinence episodes. At the same time, relevant
questionnaires were completed by the patients during the follow-up
period. The patient can contact the attending doctor at all times if there
were any problems related to treatment. If at the end of the follow-up
period, the patients discomfort symptoms have not been relieved, or the
remission effect was not satisfactory, relevant further auxiliary treatment
will be carried out.

2.3 Follow-up

There was no significant difference at the time of diagnosis and
treatment between the two groups. The patients reported the drug-
related adverse events each week. Lower urinary tract symptoms
(LUTS) at different times was considered as the primary outcome of
the study. The secondary end points were OAB-q HRQol score,
symptom bother score and OABSS. Treatment failure was defined as
the lack of improvement or relief of OAB symptom.
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Screened (n=188)
The exclusive criteria (n=11):
(1) Patients’age less than 18 or more than 70 years;
(2) Pregnant women;
o (3) Status of ureteral stent placement;
i (4) Non-refractory OAB;
(5) History of bladder diseases or stress urinary incontinence;
(6) Urinary tract infection;
(7) Use other related medicine within three months.
(8) Severe underlying diseases or mental disorders.
\ 4
From May 2022 to November 2023, 177 consecutive patients with refractory overactive bladder were
enrolled in this prospective randomized trial to evaluate the efficacy and safety of pelvic floor magnetic
stimulation combined with mirabegron. Patients were randomly assigned by envelope method and
received double-blind treatment.
Vv
Allocated to Mirabegron (n=89) Allocation Allocated to combination (n=88)
Lost to follow-up (n=4); Lost to follow-up (n=5);
Adverse event (n=2); Follow-up Adverse event (n=1);
Withdrawal by patient (n=3) Withdrawal by patient (n=2)
Included in mirabegron group Analysis Included in combination group and
and analysed (n=80). analysed (n=80).
FIGURE 1

Flowchart for case selection.

2.4 Statistical analysis

SPSS v.32.0 for Windows (IBM Corp., Armonk, NY, USA)
was used to perform statistical analysis. Continuous variables
were presented as meantstandard deviation. Patient
demographics, follow-up time and clinical outcomes between the
two groups were compared using independent samples t test;
used to clinical

Chi-squared test was compare other
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characteristics between the two groups. A p<0.05 was
considered significant.

3 Results

In this study, 160 patients were randomly assigned to two
groups: 80 patients in the mirabegron group and 80 patients in the
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FIGURE 2
Diagram for pelvic floor magnetic stimulation.

TABLE 1 Comparisons of patients’ demographics and clinical characteristics between two groups.

Variables, mean+SD

Mirabegron group (n = 80)

Combination GROUP (n =80)

or n (%)
Age, year 47.3+6.1 48.2+7.5 0.406
BMLI, kg/m? 24.7+3.3 251429 0.417
Hypertension history
No 51(63.7) 48 (60.0) -
Yes 29 (36.3) 32 (40.0) 0.625
Diabetes history
No 39 (48.7) 36 (45.0) -
Yes 41 (51.3) 44 (55.0) 0.635
Received previous treatment with an anticholinergic medication
No 22(27.5) 17 (21.2) -
Yes 58 (72.5) 63 (78.8) 0.357
Type of OAB
Urgency incontinence only 55 (68.7) 58 (72.5) 0.603
Mixed incontinence 23(28.8) 19 (23.8) 0.472
Frequency/urgency without 2(2.5) 3(3.7) 0.650
incontinence

BMI =body mass index; SD = standard deviation.

combination group. The patients demographics and clinical
characteristics were shown in Table 1. The mean age was 47.3 years in the
mirabegron group and 48.2 years in the combination group, respectively,
and no significant difference was found in the patient age between the
two groups (p=0.406). After further study based on the type of OAB,
there was still no obvious difference between the two groups. In addition,
there was no significant difference between the two groups in body mass
index, hypertension and diabetes history, or received previous treatment
with an anticholinergic medication (All p>0.05).

Frontiers in Neuroscience

Differences in the clinical outcomes between the two groups were
shown in Tables 2, 3. The incidences of LUTS, including urgency,
frequent urination, and incontinence episodes, in the 2nd week and
the 4th week after combination treatment were significantly lower
than those in the mirabegron group (p<0.05). And the gap between
the two groups was getting bigger and bigger. In terms of drug- related
adverse events, there was no statistically significant difference between
two groups (p>0.05). No other serious complications were noted in
this study.
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TABLE 2 Comparisons of clinical outcomes between two groups.

10.3389/fnins.2024.1373375

Variables, n (%) Mirabegron group (n = 80) Combination group (n = 80) p value
Urgency
1st week 77 (96.2) 73 (91.2) 0.191
2nd week 61 (76.2) 46 (57.5) 0.012%*
4th week 35(43.7) 19 (23.7) 0.007%*
Frequent urination
1st week 76 (95.0) 71 (88.7) 0.148
2nd week 63 (78.7) 50 (62.5) 0.024*
4th week 39 (48.7) 23(28.7) 0.009%*
Incontinence episodes
Ist week 71 (88.7) 69 (86.2) 0.633
2nd week 56 (70.0) 43 (53.7) 0.034*
4th week 28 (35.0) 12 (15.0) 0.003%*
Drug related adverse events 5(6.2) 4 (5.0) 0.732
Urinary tract infection 1(1.2) 1(2.5) -
Tachycardia 2(2.5) 2(2.5) -
Hypertension 2(2.5) 1(1.2) -

SD =standard deviation; *p <0.05, *#p <0.01.

TABLE 3 Comparisons of OAB-symptom score between two groups.

Variables, mean + SD or
n (%)

Mirabegron group (n = 80)

Combination group (n = 80)

OAB-q HRQol score
Baseline 59.4+5.3 58.6+£4.9 0.323
1st week 62.7+4.1 63.9+5.2 0.107
2nd week 77.5+4.6 79.1+4.4 0.026*
4th week 86.3+5.1 88.7+4.8 0.003%*
OAB-q symptom bother score
Baseline 59.2+3.8 58.3+4.1 0.152
Ist week 48.3+4.1 47.3+3.9 0.116
2nd week 37.5+3.9 36.2+3.2 0.022*
4th week 252+3.3 23.6+3.7 0.004%*
OABSS
Baseline 92423 94+19 0.550
1st week 8.1+2.0 7715 0.154
2nd week 6.6+2.1 58+2.2 0.020*
4th week 32+1.7 24+1.6 0.0037**

SD = standard deviation; OAB-q = overactive bladder questionnaire; HRQol = health-related quality of life; OABSS = overactive bladder syndrome score. *p <0.05, **p <0.01.

With respect to secondary variables, the OAB-q HRQol score in 4 Discussion
the combination group was statistically superior in comparison with
that in the mirabegron group between the 2nd week and the 4th week The pelvic floor muscles interact with the bladder and urethra
(p <0.05). This was consistent with the primary outcome. Meanwhile, ~ through nerves, playing a role in maintaining complete bladder
from the second to fourth week, the OAB-q symptom bother score  emptying and inhibiting contraction feedback. Women often suffer
and OABSS in the combination group were both lower than in the ~ from pelvic floor muscle damage due to childbirth and other

mirabegron group (p <0.05). gynecological surgeries, or the imbalance of feedback loop caused
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by changes in hormone secretion levels as they age. The inhibition
pathways of pelvic floor muscle groups are limited, leading to
bladder instability and urinary incontinence (Rogers et al., 2018).
With the aging population, more and more elderly female patients
are facing serious difficulties due to OAB (Chughtai et al., 2023).
However, with the improvement of modern Chinese women’s
cultural level and awakening of awareness, more and more patients
are pursuing and yearning for a high-quality life (Paiva et al.,
2017). Therefore, the treatment demand market for OAB is
very large.

Currently, various studies have proposed the pathogenesis of
OAB, but there are mainly three hypothesis theories. The firstly,
neurogenic hypothesis suggests that increased sensitivity of
sensory nerve endings, increased excitability of spinal cord
reflexes, or pathological changes in descending inhibitory
pathways lead to increased voluntary contractile activity of the
detrusor muscle (De Groat, 1997). Then the myogenic hypothesis
suggests that ultrastructural changes in the detrusor muscle lead
to autonomous contraction of muscle cells and enhanced
intercellular electrical activity (Haferkamp et al., 2003). Lastly,
the epithelial origin hypothesis showed that changes of receptors
or neurotransmitters in bladder epithelial cells lead to
abnormalities in the integration and transmission pathways of
bladder sensory signals (Birder and Andersson, 2013). However,
the above hypotheses cannot perfectly explain the pathogenesis
of OAB, and the disease cannot be completely cured in clinical
treatment. Dagdeviren et al. found that sympathetic nervous
system excitation, oxidative stress, and metabolic related
pathological changes caused an increase in serum neurotrophic
factor levels, which was closely related to the onset of OAB
(Dagdeviren and Cengiz, 2018). Liu et al. (2013) found that the
level of C-reactive protein, neurotrophic factor, IL-1p, IL-6, IL-8,
and TNF-a in patients with refractory OAB was significantly
increases, and they believed that chronic inflammation of the
bladder mediated changes in peripheral and central nervous
system transmission pathways, making clinical treatment more
complex. We speculated that the pathogenesis of refractory OAB
may be the result of the interaction between the aforementioned
hypotheses and theories.

OAB and urgent urinary incontinence are often related to
excessive excitation of the detrusor muscle. Magnetic stimulation
may inhibit the overactivity of the detrusor muscle by stimulating
the anal rectal branch of the pelvic floor nerve and pudendal nerve,
or by stimulating the spinal cord afferent nerve root (S3) it can also
activate the inhibitory pathway (Shalom et al., 2014; Corcos et al.,
2017). In 1992, Bemelmans et al. applied magnetic stimulation of
the cauda equina nerve to detect motor evoked potentials in the
bladder and pelvic floor (Bemelmans et al., 1992). The application
of magnetic stimulation of the sacral nerve root could activate the
inhibitory pathway of the spinal cord, suppress the impulses of the
detrusor motor neurons, and thus suppress the urinary reflex or
unstable contraction and hyperreflexia of the detrusor muscle.
Further, Khedr et al. (2011) reported that they applied lumbar
sacral magnetic stimulation to treat patients with refractory
neurogenic urinary dysfunction caused by lumbar sacral nerve
injury, and found that 15 Hz stimulation can improve symptoms of
urgency and urinary incontinence. The magnetic field has strong
penetrating power and can excite deep tissues which difficult to
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reach by electrical stimulation. The magnetic stimulation emission
coil can move flexibly outside the body, and the stimulation site
can be adjusted according to the treatment of diseases. The
operation is simple and non-invasive. By adjusting different
parameters and stimulation time, it can treat different types of
urinary dysfunction diseases, which has important clinical
application value (de Wachter et al., 2020).

The research on drug intervention is mainly based on the
distribution of receptors in the bladder. The nervous system mainly
affects the activity of bladder smooth muscle through the
transmission of neurotransmitters (Maldonado-Avila et al., 2016).
Adrenoceptors are widely expressed in the bladder and ureteral
tissue based on our team’s previous studies (Tang et al., 2021,
2022). Mirabegron, a type of P3-adrenoceptor agonists, has
appeared as an emerging drug class for the treatment of urinary
incontinence, urgency, and frequency caused by OAB (Igawa and
Michel, 2013). The potential role of f3-adrenoceptor agonists in
OAB treatment is based on the findings that the human bladder
expresses f3-adrenoceptors, and that these f3-adrenoceptors are
predominant. Previous study have shown that monotherapy with
mirabegron can significantly reduce the frequency of nocturia and
urinary incontinence, and compared to non-selective M receptor
blockers, mirabegron has a more significant effect on improving
nocturia (Christopher, 2014).

Considering the complexity of the pathogenesis of refractory
OAB and the difficulty of clinical treatment, exploring appropriate
treatment options remained a current research hotspot. Based on
this, this prospective, randomized trial was conducted to explore
new treatment models and assess the effectiveness and safety of
PFMS combined with mirabegron for refractory OAB. All patients
in the two groups were diagnosed with refractory OAB and
completed follow-up. Our current study showed that the incidences
of LUTS, including urgency, frequent urination, and incontinence
episodes, in the 2nd week and the 4th week after combination
treatment were significantly lower than those in the mirabegron
group (p <0.05). The main acting mechanisms demonstrated that
combination treatment can stimulate bladder detrusor relaxation
and promote urine storage, resulting in an increased bladder
volume and prolonged urination interval without affecting bladder
emptying. In terms of drug-related adverse events, the incidence
in the two groups was similar, and there was no statistically
significant difference (p>0.05). No other serious complications
were noted in this study. With respect to symptom score, the
OAB-q HRQol score in the combination group was statistically
superior in comparison with that in the mirabegron group between
the 2nd week and the 4th week (p<0.05). Secondly, from the
second to fourth week, the OAB-q symptom bother score was
higher in the mirabegron group than in the combination group
(p<0.05). Lastly, the OABSS was also lower in the combination
group than that in the mirabegron group between the 2nd week
and the 4th week (p <0.05).

However, this study has some limitations. The time for follow-up
was short and it may have affected the outcome. Furthermore, we only
counted the relevant symptoms through the patient’s main complaint,
which may have subjective deviation. Finally, the study was based on
a single center with a small sample size, and there may be a certain
amount of sampling error. Therefore, large-scale multicenter
prospective studies are required to further prove the above
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conclusions. It is likely that the ideal procedure will be formulated
through a long period of clinical application and observation.

5 Conclusion

Combination therapy of PEMS and mirabegron demonstrated
significant improvements over mirabegron monotherapy in
reducing refractory OAB symptoms for female patients, and
providing a higher quality of life without increasing bothersome
adverse effects. Combination therapy should be strongly
considered for female patients who complain of OAB symptoms.
In our opinion, this method is safe and reproducible in clinical
practice. However, future prospective clinical studies should
include objective physiological measures such as urine flow rate
as well as the inclusion of a PFMS alone treatment group to
further prove the above conclusions.
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