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The management of overactive bladder (OAB) in women encompasses a range of strategies, from 
behavioral modifications to pharmacotherapy and nerve stimulation techniques. This prospective, 
randomized, controlled trial evaluates the efficacy of the combination of TTNS and mirabegron in 
symptom improvement over three months in women diagnosed with OAB. The study was designed as 
a randomized controlled trial. A total of 40 patients were prospectively randomized into two groups. 
Twenty patients in the combination group accepted TTNS and mirabegron therapy, and the other 20 
patients as control only accepted mirabegron therapy. Primary outcomes were changes from baseline 
in the lower urinary tract symptoms. The severity of symptoms and quality of life (QoL) were assessed 
using the validated OAB questionnaire (OAB-q). TTNS reduced the clinical symptoms of OAB, and the 
difference was statistically significant at all study sites (p < 0.05). Regarding secondary outcomes, 
the OAB-q symptom bother score was lower in the combination group than in the mirabegron 
group (p < 0.05). The OAB-q score in the combination group was statistically superior to that in the 
mirabegron group (p < 0.05). The incidence of complications was not statistically significant between 
the two groups.The combination of TTNS and mirabegron represents a promising therapeutic 
strategy for women with overactive bladder, significantly improving symptoms and quality of life 
with a favorable safety profile. Further research with a larger sample size and long-term follow-up 
is warranted to confirm these findings and explore the underlying mechanisms of this combination 
therapy’s efficacy.
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Overactive bladder (OAB) syndrome is defined by the International Continence Society (ICS) as a condition 
of urinary urgency, usually accompanied by urinary frequency and nocturia, with or without urgency urinary 
incontinence(UUI), and excluding urinary tract infection1. OAB is a highly prevalent disease, with 12.8% of 
women in the general population suffering from OAB symptoms, according to the ICS2. The problem becomes 
increasingly prevalent and severe with age, rising to 15% among those over 40 and 20–30% among women 
over 653,4. The pathogenesis of OAB is complex, including neurological diseases, increased detrusor excitability, 
urothelial dysfunction, and unstable urethral sphincter function5. Detrusor overactivity can be detected in some 
OAB patients by urodynamic examination. When UUI accompanies OAB, it is referred to as OAB-wet, while 
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not accompanied by UUI is referred to as OAB-dry6. It is well known that OAB has a severe negative impact on 
patients’ quality of life(QOL), daily activity performance, sleep, personal relationships, financial burden, and 
mental health7,8.

The etiology of OAB is multifactorial, involving complex neural pathways, and its management has been 
an area of extensive research and clinical interest9. There are many ways to treat OAB; the first-line treatment 
mainly refers to behavioral therapy. Second-line treatment is recommended mainly with drugs, including 
antimuscarinic drugs and β3 agonists. Third-line treatments include toxin A, tibial nerve stimulation(TNS), 
and sacral neuromodulation10. The principle of TNS provides neuromodulation by stimulating the tibial nerves 
with a surface electrode. It includes both PTNS and TTNS modalities.TTNS is a noninvasive treatment that is 
recommended by guidelines for some patients who have failed medication and behavioral therapy.

However, searching for more effective and tolerable treatment combinations continues, as monotherapy often 
only provides satisfactory outcomes for some patients. Among the emerging treatment options, Transcutaneous 
Tibial Nerve Stimulation (TTNS) and the β3-adrenoceptor agonist Mirabegron have separately shown promise. 
TTNS, a form of peripheral neuromodulation, involves the non-invasive stimulation of the posterior tibial nerve 
to modulate bladder activity11. It has been recognized for its efficacy and lack of significant side effects. On 
the other hand, Mirabegron, a novel therapeutic agent, works by relaxing the detrusor smooth muscle during 
the storage phase of the bladder fill-void cycle, improving bladder capacity without the antimuscarinic side 
effects12. Hence, we conducted this prospective, randomized trial to explore new treatment models and assess 
the effectiveness and safety of the TTNS combined with mirabegron in women with overactive bladder.

Materials and methods
Ethical and institutional approval
The study is a prospective, controlled, open-label, single-center trial conducted from January to October 2023 at 
the Department of Urology, the affiliated Jiangning Hospital of Nanjing Medical University. The protocol for this 
trial has been accepted by the Chinese Clinical Trial Registry (Ethics approval number: ChiCTR2200056752).All 
patients were informed, and Written informed consent was obtained before the treatment group was allocated.

Randomization
After patients completed informed consent forms, research workers at our center used a computer-generated 
random number coding table to allocate eligible patients. The sealed envelope held the random assignment.

Inclusion and exclusion criteria
Inclusion criteria: 1. Women 18 years old with a clinical diagnosis of overactive bladder; 2. Able to understand 
the procedures, advantages, and possible side effects; 3. Able to provide written and informed consent and have 
the ability to complete urination diaries and quality of life questionnaires.

Exclusion criteria: 1. Active UTI; 2. History of PTNS/TTNS/SNS; 3. History of intravesical botox treatment; 
4. Women with stress urinary incontinence; 5. Post-void residual > 100 ml; 6. Pregnancy or intention to become 
pregnant during the study; 7. Previous urology surgery within three months; 8. Cardiac pacemaker or implanted 
defibrillator; 9. Peripheral vascular disease or leg ulcer/skin condition affecting lower legs; 10. Absent sensation 
at the electrode site.

Participants
A total of 40 women met the above criteria and agreed to participate in the study (Fig. 1). They were randomized 
in a 1:1 ratio to a 3-month maintenance program. Patients allocated to the mirabegron group received 50 mg of 
mirabegron once daily. Those allocated to the combination group received 50 mg of mirabegron once daily and 
TTNS twice a week for a total of 3 months. Prior to initiating treatment, patient’s demographic data, medical 
history, personal habits (smoking, alcohol, tea), and education were collected.

Procedures
In the combination group, patients were treated with 50 mg of mirabegron once daily and TTNS twice weekly 
for three months. Patients were treated via the neurostimulator device (UroCure, Shanghai).Before treatment, 
we will provide a detailed description of the procedure. We used two surface round self-adhesive electrodes 
of approximately 3  cm in diameter for electrical stimulation of the tibial nerve. The correct position was 
determined by observing the bunion response (plantarflexion of the big toe or flapping of all toes), with one 
electrode placed 2 cm behind the medial malleolus and the other electrode approximately 10 cm above (Fig. 2). 
Our stimulation protocol was a frequency of 10 Hz, a pulse duration of 200 µs, and a stimulation duration of 
30 min, while the intensity of the stimulation current was determined according to the patient’s tolerance level 
(range 0–50 mA). The same physician performed the TTNS sessions twice a week over three months. During 
treatment, participants were asked to complete a 3-day voiding diary once a week, and all women were advised 
to continue taking medications unrelated to OAB symptoms. Our staff assessed their OABSS and QOL index 
weekly.

In the mirabegron group, patients received mirabegron with 50 mg once daily for three months. A voiding 
diary is mandatory, including the amount of fluids ingested and the amount of urine excreted, as well as urges, 
incontinence, frequency of voiding, and intensity of incontinence.

Evaluation parameters
Three-day bladder diary
Frequency of voiding, incontinence episodes, nocturia, and number of pads used were collected from the 3-day 
bladder diary.
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Fig. 2. The combination of transcutaneous tibial nerve stimulation(TTNS) and mirabegron.patients were 
treated with 50 mg of mirabegron once daily and TTNS twice weekly for three months. Stimulation protocol 
was a frequency of 10 Hz, a pulse duration of 200 µs, and a stimulation duration of 30 min.

 

Fig. 1. Flowchart for case selection.A total of 40 patients were prospectively randomized into two groups. 
Twenty patients in the combination group accepted TTNS and mirabegron therapy, and the other 20 patients 
as control only accepted mirabegron therapy.
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Health-related quality of life (HRQoL)
This is a 33-item, validated, condition-specific questionnaire showing sound psychometric properties.

Symptom severity: overactive bladder questionnaire (OAB-V8)
The OAB-V8 was used to assess symptom severity in women, and the questionnaire measures the degree of 
bothersomeness of four symptoms associated with OAB: urinary frequency, urgency, nocturia, and urge 
incontinence, with a total score between 0 and 4013.

Data collection
The primary outcomes include frequency of urination, frequency of urgency episodes, and frequency of UUI 
episodes, which participants completed before each study visit. The secondary outcomes were the OAB-q 
HRQol score and symptom severity, which participants completed during their study visits. Informed consent 
was obtained from all individuals participating in the study.

Statistical analysis
SPSS v.22.0 for Windows (IBM Corp., Armonk, NY, USA) was used for statistical analysis. A sample size of 11 
subjects per group would be required to achieve a 0.05 level of significance and 80% statistical power to detect 
an increase in the number of urinations by 3 in a 24-hour period, which would constitute a clinically significant 
worsening of symptoms during maintenance therapy. This significant worsening of OAB symptoms may occur 
within six weeks of stopping treatment. Therefore, a minimum of 12 participants were recruited in each group 
to accommodate the 10% dropout rate.

Demographic characteristics, duration of follow-up, and clinical outcomes were compared between the two 
groups using the independent samples t-test; other clinical characteristics were compared between the two 
groups using the chi-square test. p < 0.05 was considered a significant difference.

Compliance with ethical standards
 All procedures performed in studies involving human participants were by the ethical standards of Affiliated 
Jiangning Hospital with Nanjing Medical University and with the 1964 Helsinki Declaration.

Results
In our study, 40 patients were randomly assigned to two groups: 20 in the mirabegron group and 20 in the 
combination group. The patients’ demographics and baseline clinical characteristics of participants are shown 
in Table  1. There was no significant difference between the two groups in age, BMI, duration of symptoms, 
hypertension, diabetes history, education, and dietary habits(smoking, drinking, cups of tea)(All P > 0.05). 
Further studies based on the type of OAB still showed no significant differences between the two groups. In 
addition, no apparent differences between groups were found for delivery and delivery type.

Tables 2 and 3 showed summary statistics for the bladder diary variables at each of the study points for both 
treatment groups. At baseline, there were no significant differences between the groups in voiding frequency, 
incontinence episodes, nocturia, symptom severity, and QoL parameters (P > 0.05). All clinical symptoms, 
including urgency, frequent urination, and incontinence episodes, were significantly lower in the sixth week and 
the third month after combination treatment than those in the mirabegron group (P < 0.05).

In addition, the symptom severity and QoL parameters were significantly improved in the combination 
group as compared to the mirabegron group (P < 0.05). In terms of drug-related adverse events, there was no 
statistical difference between the two groups (P > 0.05). No other serious complications were found in this study.

Discussion
This study aimed to evaluate the efficacy and safety of combining TTNS with mirabegron therapy in the treatment 
of women with OAB. Compared to mirabegron monotherapy, our findings indicate that combination therapy 
significantly enhances urinary symptoms, including urgency, frequency, and nocturia. Additionally, the safety 
profile of the combination therapy was comparable to that of mirabegron alone, with no significant increase in 
adverse events.

The tibial nerve is a mixed nerve (L4-S3) from the same spinal cord segment as the nerves innervating the 
bladder and pelvic floor14. Stimulation of the tibial nerve blocks the transmission of abnormal sensations to 
the spinal cord and brain, affecting and regulating the behavior of sacral innervated organs such as the bladder, 
urethral sphincter, and pelvic floor. In the late 1990s, Dr. Marschall Stoller proposed tibial nerve stimulation, 
initially known as the SANS (Stoller Afferent Nerve Stimulator) protocol, promising to treat non-neurogenic 
lower urinary tract dysfunction15. The terminology now used is percutaneous or transcutaneous tibial nerve 
stimulation(TTNS), depending on the electrodes used. The use of self-adhesive surface electrodes during 
treatment is called transcutaneous tibial nerve stimulation (TTNS).

Bladder smooth muscle activity is primarily influenced by neurotransmitters16, and β3 adrenoceptor 
agonists17 have appeared as an emerging drug commonly used to treat incontinence, urgency, and frequency of 
urination caused by OAB. A study found that the effect of mirabegron on OAB symptoms is similar to that of 
solifenacin monotherapy, and it does not increase the risk of adverse events18.

The superior efficacy of the combination therapy could be attributed to the synergistic effects of TTNS and 
mirabegron. TTNS, through its neuromodulatory mechanism, potentially enhances the therapeutic effects of 
mirabegron on the detrusor muscle, leading to improved bladder capacity and control. This synergism aligns 
with the hypothesis that targeting multiple pathophysiological pathways in OAB can yield better outcomes than 
monotherapy. Our study showed significant improvement in all bladder diary parameters in the combination group 

Scientific Reports |        (2024) 14:27248 4| https://doi.org/10.1038/s41598-024-78492-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


in the sixth week and the third month. These results are consistent with previous studies suggesting the benefits 
of multimodal treatment approaches in managing complex conditions like OAB. Maida Zonić-Imamović et al.19 
demonstrated the effect of a single application of TTNS in patients with an idiopathic overactive bladder. There 
was a statistically significant improvement in all clinical symptoms, which positively affected QOL.In addition, 
De Seze et al. conducted a multicenter study in France20, where 83.3% of patients showed statistically significant 
improvement in clinical symptoms and quality of life after TTNS treatment. Vecchioli et al.21,22 investigated the 
efficacy and durability of Solifenacin (SS) with PTNS with combination therapy (PTNS + SS) for the treatment 
of OAB. They found that PTNS + SS was more effective than SS and PTNS separately. Booth et al.23 designed a 
randomized controlled trial to evaluate the efficacy of transcutaneous tibial nerve stimulation (TTNS) for treating 
adults with an OAB.There were significant improvements in urgency, frequency of urination, and incontinence 
episodes. Our study’s findings are reassuring regarding safety, indicating that adding TTNS to mirabegron therapy 
does not exacerbate the risk of adverse events. The non-invasive nature of TTNS, coupled with the well-established 
safety profile of mirabegron, supports the clinical feasibility of this combination therapy as a therapeutic option for 
women with OAB.

Variables, mean ± SD or n (%) Mirabegron group (n = 20) Combination group (n = 20) P-value

 Age (years) 52.4 ± 8.1 54.1 ± 6.8 0.543

 BMI (kg/m2) 24.5 ± 3.8 23.9 ± 3.9 0.235

 Duration of symptoms (months) 72.3 ± 10.6 75.6 ± 12.4 0.435

Hypertension history

 No 13 (65) 15 (75) –

 Yes 7 (35) 5 (25) 0.381

Diabetes history

 No 16 (80) 17 (85) –

 Yes 4 (20) 3 (15) 0.562

Constipation

 No 18 (90) 16 (80) –

 Yes 2 (10) 4 (20) 0.089

Smoker

 No 19 (95) 18 (90) –

 Yes 1 (5) 2 (10) 0.284

Cups of tea/day

 1–2 cup 8 (40) 10 (50) –

 > 3 cup 12 (60) 10 (50) 0.417

Alcohol intake

 NO 20 (100) 19 (95) –

 Yes 0 (0) 1 (5) 0.356

Hyperlipidemia

 No 14 (70) 16 (80) -

 Yes 6 (30) 4 (20) 0.317

Education

 Primary 8 (40) 7 (35) –

 High school 7 (35) 7 (35) –

 > High school 5 (25) 6 (30) 0.421

Type of OAB

 Mixed urinary incontinence 14 (70) 15 (75) –

 OAB-wet 5 (25) 5 (25) –

 OAB-dry 1 (5) 0 (0) 0.529

Delivery

 1–2 14 (70) 13 (65) –

 > 3 6 (30) 7 (35) 0.237

Delivery type

 NSVD 15 (75) 16 (80) –

 cesarean section 5 (25) 4 (20) 0.165

Table 1. Comparisons of patients’ demographics and clinical characteristics between two groups. NSVD 
normal spontaneous vaginal delivery, BMI body mass index, SD standard deviation. P < 0.05 is considered 
statistically significant.
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The synergistic action of TTNS and mirabegron likely provides a comprehensive approach to modulating bladder 
activity both directly and indirectly. While TTNS targets the neural control of bladder function, mirabegron’s role 
in relaxing the detrusor muscle addresses the storage symptoms of OAB, thereby offering a dual mechanism of 
action. While our study provides valuable insights, it is not without limitations. The short follow-up period may 
have affected the results. In addition, the study was based on a single center with a small sample size, which may 
have some sampling error. Moreover, we only counted relevant symptoms by patients’ main complaints, which may 
have subjective bias. Future research should focus on the long-term outcomes of combination therapy, its cost-
effectiveness, and its applicability to broader patient populations, including men with OAB and individuals with 
different OAB severities.

Conclusion
Combination therapy of TTNS and mirabegron demonstrated significant improvements over mirabegron 
monotherapy in reducing OAB symptoms and providing a higher quality of life without increasing adverse 
effects. This method is safe and reproducible in clinical practice. In future studies, patients could be professionally 
trained and allowed to treat themselves at home.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to the nature of 
this research participants of this study did not agree for their data to be shared publicly, so supporting data is not 
available，but are available from the corresponding author on reasonable request.
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Variables, mean ± SD or n (%) Mirabegron group (n = 20) Combination group (n = 20) P-value

OAB symptom severity score

 Baseline 31.25 ± 14.51 34.37 ± 16.87 0.075

 6 weeks 26.81 ± 7.33 20.87 ± 8.74 < 0.001

 3 months 23.37 ± 5.68 13.14 ± 4.23 < 0.001

OAB-q HRQoL score

 Baseline 28.51 ± 12.67 35.34 ± 16.67 0.085

 6 weeks 38.39 ± 11.38 64.39 ± 14.19 < 0.001

 3 months 37.66 ± 10.15 66.37 ± 12.83 < 0.001

Table 3. OAB symptom severity score and OAB-q HRQoL score. OAB-q overactive bladder questionnaire, 
HRQol health-related quality of life.P < 0.05 is considered statistically significant.

 

Dependent variable Mirabegron group (n = 20) Combinationgroup (n = 20) P-value

Micturitions

 Baseline 12.61 ± 4.45 14.43 ± 3.82 0.273

 6 weeks 8.57 ± 2.16 6.31 ± 1.25 0.001

 3 months 8.73 ± 3.29 5.87 ± 2.53 < 0.001

Episodes of urgency

 Baseline 4.15 ± 1.67 4.31 ± 2.30 0.621

 6 weeks 2.68 ± 1.66 1.15 ± 1.24 < 0.001

 3 months 2.26 ± 1.72 1.05 ± 0.71 < 0.001

Episodes of UUI

 Baseline 1.72 ± 1.31 1.95 ± 1.44 0.076

 6 weeks 1.36 ± 1.04 0.72 ± 0.45 0.004

 3 months 1.46 ± 0.95 0.62 ± 0.37 < 0.001

Related adverse events

 Dry mouth 1(5) 1(5) –

 Tachycardia 0(0) 0(0) –

 Hypertension 1(5) 0(0) –

 Constipation 1(5) 0(0) –

 Dizziness 1(5) 1(5) –

 Urinary retention 0(0) 0(0) –

Table 2. OAB-S clinical symptoms and complications SD standard deviation, OAB-S overactive bladder 
symptoms; P < 0.05 is considered statistically significant.
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