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Abstract
Background: To determine the ef!cacy of magnetic stimulation (MS) in female patients with stress urinary incontinence (SUI) by
performing a meta-analysis on peer-reviewed randomized controlled trails (RCTs).

Methods: PubMed, Embase, and Cochrane library were retrieved for any peer-reviewed original articles in English. Databases
were searched up to July 2018. Included studies investigated effects of MS on SUI. The data were analyzed by review manager
5.3 software (Cochrane Collaboration, Oxford, UK).

Results:A total of 4 studies involving 232 patients were identi!ed and included in present meta-analysis. Compared with the sham
stimulation, the MS group had statistically signi!cantly fewer leaks/3 days (MD=!1.42; 95%CI:!2.42 to!0.59; P= .007), less urine
loss on pad test (g.)/24h (MD=!4.99; 95%CI: !8.46 to !1.53; P= .005), higher QoL scores (MD=0.42; 95%CI: 0.02–0.82;
P= .009), and lower ICIQ scores (MD=!4.60; 95%CI: !5.02 to !4.19; P< .001). MS presented higher cure or improvement rate,
with a statistically signi!cant improvement in UDI and IIQ-SF scores compared to sham stimulation. No MS-related adverse effects
were reported in study.

Conclusion:MS leads to an improvement in SUI without any reported safety concerns and an improvement in patient quality of life.
The long-term outcome of this technique remains unclear and is the subject of ongoing research.

Abbreviations: ICIQ = International Consultation on Incontinence Questionnaire, ICS = International Continence Society, KHQ
scores = King’s Health Questionnaire scores, LUTS = lower urinary tract symptoms, MS =magnetic stimulation, MUS =midurethral
slings, PFMT= pelvic "oor muscle training, QoL = quality of life, RCT = randomized controlled trail, SUI = stress urinary incontinence.

Keywords: extracorporeal magnetic innervation, magnetic stimulation, meta-analysis, stress incontinence, urinary stress
incontinence

1. Introduction

Stress urinary incontinence (SUI), a chronic and debilitating
condition, is de!ned as involuntary loss of urine on physical
exertion, sneezing or coughing.[1] As a greater proportion of
women survive into later life, there are more older women with
the SUI than in previous years. The burden of SUI is increasingly

high in hospitalizations, home nursing, economics, and cost of
pads, diapers, and bedding.[2] SUI symptoms are negatively
associated with not only sexual function but mental health.[3,4]

AUA/SUFU guidelines recommend pelvic "oor muscle training
(PFMT) as the !rst-line treatment for SUI.[5] PFMT, more
commonly known as Kegel exercises, should be performed
several times a day and need to be conducted consistently over
time for bene!t to be sustained (e.g. 2–6s/time, 3–8 groups/day,
"8weeks). Low compliance often led to poor results. As for
surgical correction of SUI, midurethral synthetic slings (MUS)
was regarded as an optimal choice with objective cure rates
ranging between 83.9% and 100%.[6] Nevertheless, complica-
tions including pain, mesh erosion and extrusion, and wound
infections usually made quality of life (QoL) worse.[7] Thus,
patients with SUI who did not want to undergo surgical treatment
were more likely to favor other types of conservative therapies.
Electrical stimulation (ES) was one of popular conservative

therapies and was reported to be an effective treatment.
However, pain and discomfort caused by percutaneous electrical
current limited the use of ES.[8–10]

A few studies reported that magnetic stimulation (MS) was a
noninvasive and effective intervention for SUI without obvious
side effects, which led to signi!cant improvements in urodynamic
variables and a reduction in the frequency of leakage on pad
testing.[11–14] The mechanism of MS was considered as the same
as that of ES, which might not only contract the pelvic "oor
muscles, but simultaneously inhibit the antagonistic re"ex
mechanism for emptying the bladder.[15,16] However, other
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research has reported little ef!cacy ofMS for SUI, and the ef!cacy
is still controversial.[17–19] We, therefore, conducted a systematic
review and meta-analysis of the RCTs to evaluate the use of MS.

2. Materials and methods

2.1. Search strategy

This study was performed according to the Preferred Reporting
Items of Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.[20] The PubMed, Embase, and Cochrane library were
searched for studies published up to July 2018. The electronic
search was performed to capture all relevant studies by
performing the following search strategy: (urinary incontinence
OR stress urinary incontinence OR stress incontinence) AND
(magnetic stimulation OR magnetic stimulation therapy OR
magnetics OR extracorporeal magnetic innervationORmagnetic
therapy OR conservative treatment) AND (clinical trials OR
RCT). Furthermore, relevant conference proceedings and
literature references of the EAU, IUGA, and ICS up to 2018
were searched manually. The procedure of retrieving and
evaluating the papers was conducted independently by 2 authors
(XZ and LP), and differences were solved through a discussion.
This study does not need IRB approval because the data were
obtained from studies freely available on the internet instead of
being directly collected from institutions or patients.

2.2. Study inclusion criteria

Patients were diagnosed with SUI; Magnetic stimulation or sham
therapy were used for SUI patients; Some outcome-reporting

parameters were recorded in study; Where there were duplica-
tions in congress abstracts or published journals, the data were
rechecked to verify equivalence, and the most up-to-date or
complete studies were eligible.

2.3. Study exclusion criteria

Studies were excluded according to the following criteria: the
study type was a letter, review, comment, or case report; there
was a lack of a comparative placebo-controlled group and
quantitative data; patients were diagnosed with mixed SUI or
urgency urinary incontinence and undergoing several different
treatments. Selection process was shown in Figure 1.

2.4. Study quality assessment

The quality of the included RCTs was assessed according to the
Cochrane Collaboration Reviewers’ Handbook[21] by LP and
XZ. The quality standards consisted of generation of randomi-
zation sequences, allocation concealment, blinding, incomplete
outcome data, freedom from selective reporting, and freedom
from other biases. The results of assessment were shown in
Table 1.

2.5. Outcomes

To evaluate the ef!cacy of MS, the primary outcomes of interest
were considered as urine loss on pad test per day, number of leaks
in a 3-day voiding diary, changes in urodynamic parameters,
improvement rate, QoL scores, International Consultation on
Incontinence Questionnaire (ICIQ) scores and KHQ scores

Figure 1. Flow diagram of evidence acquisition.
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(incontinence impact). UTI, pain, discomfort, new depression,
in"uence on social life and personal relationship were regarded as
the secondary endpoints to evaluate safety.

2.6. Statistical methods

ReviewManager 5.3 (Cochrane Collaboration, Oxford, UK) was
used to perform all calculations and data manipulations.
Heterogeneity was evaluated by I2 tests, with signi!cance set
at P<0.05. I2 values of 25%, 50%, and 75% corresponded to
low, medium, and high levels of heterogeneity, respectively. The
!xed-effect method was used for studies without signi!cant
heterogeneity, and random-effect method was used with I2 values
"50%.

3. Results

3.1. Characteristics of the included studies

A total of 330 studies were identi!ed based on a de!ned search
strategy. Around 87 papers were excluded for non-RCTs or
nonclinical trials and 26 studies with different base line or
different diagnosis or different group settings were also excluded.
The reviewers (LP and XZ) independently assessed the complete
articles and made their selection in accordance with the eligibility
criteria. Finally, 4 studies[22–25] were eligible for systematic
review after critical evaluation. The main characteristics of
studies identi!ed were presented in Table 1.

3.2. Synthesis of results

As shown in Figure 2, compared to the sham stimulation, MS
group had a signi!cantly less no. of leaks/3 days (MD=!1.42;
95%CI: !2.42 to !0.59; P= .007) (Fig. 2 A), less urine loss on
pad test (g)/24h (MD=!4.99; 95%CI: !8.46 to !1.53;
P= .005) (Fig. 2B), higher QoL scores (MD=0.42; 95%CI:
0.02 to 0.82; P= .009) (Fig. 2C), and lower ICIQ scores (MD=!

4.60; 95%CI: !5.02 to !4.19; P< .001) (Fig. 2 D). No
publication bias was identi!ed (Fig. 3).
The improvement rates in Fujishiro et al inMS and sham group

were 74% and 32%, respectively. In Lim et al, the improvement
rate was 60% in the experimental group compared to 15% in the
control group. Studies reported no MS-related adverse effects.

4. Discussion

To the best of our knowledge, this is the !rst study to investigate
the ef!cacy of MS in female patients with SUI in short-term
follow-up. MS signi!cantly improved the symptoms of SUI,
reduced the number of leaks and the average daily loss of urine,
with lower ICIQ scores and improved QoL scores. Around 74%
and 32%, 60% and 15% of improvement rates in MS and sham
group were, respectively, reported in 2 RCTs.[23,25] Furthermore,
a reduction in the number of leaks and urodynamic improvement,
including an increase in maximum urethral closure pressure and
change in abdominal leak point pressure, were recorded.[23,26]

Gratifyingly, no MS-related side effects were reported. These
results suggested that MS of the sacral roots or pelvic "oor was
useful, effective and safe for the treatment of SUI in the short-term
follow-up.
MS is considered to improve PFM strength and endurance

through repetitive contractions and exercises. The contraction of
the detrusor muscle was inhibited by vigorous voluntary
activation of the muscles of the pelvic "oor.[15,27] Sheriff
et al[12] studied 7 patients following spinal cord injury with
intractable detrusor hyper-re"exia and found a profound
reduction in detrusor contraction and signi!cant improvement
of urodynamic parameters. In the study of Yokoyama et al,[28]

cure rate of SUI after MS therapy was 52.9%, the one-hour urine
loss reduced from 7.9 to 1.9g at 8 weeks. Signi!cant
improvement in both U-UDI scores and the Incontinence Impact
Questionnaire Short Form total scores were recorded with a cure
rate for SUI was 42.1% in study by Lo Tsia-Shu et al[14] Galloway

Table 1
The details of included studies.

MS

Author, year

Sample
size(n)

MS/Sham
Study
design Inclusion criteria location Intensity Frequency Duration

Length of
follow-up

Quality
assessment

Outcome
measures

Fujishiro
et al[22] 2000

31/31 RCT "1 episodes of leaks recorded
in a 3-day voiding diary, 2
gm. or more urine loss on a
1-hour pad test, no disorders
possibly causing any LUTs

S3 roots 50% 15Hz, 5 s/min 30 min 1 week High risk 1 No. of leaks
2 Pad test/g (24 hour)

3 QoL scores

Manganotti
et al[23] 2007

10/10 RCT "1 episodes of urine loss
recorded in a 3-day voiding
diary,2g or more urine loss in
a 1-h pad test or a positive
standardized stress test

S2-S4 roots 60% of the
maximal

15Hz, 3 s/min 15 min 1 week Low risk 1 Pad test/g (24 hour)
2 The KHQ scores
3 QoL scores
4 Stress test

Yamanishi
et al[21] 2017

18/12 RCT Women with urodynamic SUI
refractory to PFMT for more
than 12 weeks and who did
not want to undergo surgery

Pelvic !oor Maximum 50Hz, in 5-s on/5-s
off cycles

20 min 10 weeks Low risk 1 No. of leaks
2 Pad test/g (24 hour)

3 ICIQ-scores
4 QoL scores

5 ALPP
Lim et al[24] 2017 60/60 RCT Female aged "21 years old,

demonstrated urine leak on
coughing, had ICIQ-UI SF
score of "6 points

Pelvic !oor Maximum 50Hz in an 8-s on,4-s
off, 2 sessions /week

20 min 14 months Low risk 1 ICIQ-score
2 Pad test/g (24 hour)

3 No. of leaks

ALPP= abdominal leak point pressure, ICIQ= International Consultation on Incontinence Questionnaire, KHQ scores=King’s Health Questionnaire scores, LUTs= lower urinary tract symptoms, MS=magnetic
stimulation, PFMT=pelvic !oor muscle training, QoL=quality of life, RCT= randomized controlled trail.
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Figure 2. The change in number of leaks/3days (A), pad test !day (B), QoL scores (C), and ICIQ scores (D). df=degree free, ICIQ scores= International
Consultation on Incontinence Questionnaire scores, MS=magnetic stimulation, QoL=quality of life, SD= standard deviation.

Figure 3. Publication bias of study.
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et al[13] reported improvement and cure rates for MS therapy of
66% and 34%, respectively, within 6 months. These studies
supported our conclusions and the mechanism of MS, which
proved the effectiveness of MS and it a recommending treatment.
However, it should be kept in mind that, according to the

included studies, our results were limited to 14 months, and the
long-term ef!cacy was not clear. Ismail et al[19] proposed that
there was no signi!cant change in QoL scores and KHQ scores at
3-month follow up. As we know, if SUI could not be completely
cured, even though the QoL scores were improved in the short
time, long term these outcomes may not be preserved. A 3-year
prospective study[29] of outcomes from MS for SUI showed
continued bene!t of MS for 1 year after therapy but gradually
decreased and came close to baseline with high recurrence at the
3rd year. Another study by Hoscan et al[30] reported that the
effects of MS did not last for 2 years. The long-term outcomes of
this technique remain unclear.
Side effects related to the treatment were rare, which con!rmed

the safety of MS. Minimal or no adverse events reported in other
studies from the USA,[13] Japan,[8,23] and Turkey,[31] supported
that MS was tolerable and caused no anxiety in the majority of
patients.
Although different regimes were used to treat SUI, the

frequencies used varied between 15 and 50Hz, and the length
of treatment was not identical, clinical results were consistent
excellent and unifying in the short-term follow-up. There was
uncertainty about the optimum duration of treatment and the
extent to which any symptomatic improvement was maintained
after treatment was discontinued. The role of maintenance
therapy was also unclear. When it comes to clinical decision
making, further long-term research should focus on the best MS
treatment model before MS is put into clinical practice. By
performing an effective communication and a good counseling
using useful communication skills, patients can obtain a clear
understanding of clinical conditions and the risks and bene!ts of
potential treatment options.[32]

A large number of patients had pelvic organ prolapse (POP)
associated to SUI.[33] MS could be considered as a conservative
and noninvasive treatment for concomitant SUI and de novo SUI.
To determine the ef!cacy of MS for SUI in the presence of POP, a
prospective study is needed.
According to the inclusion criteria de!ned previously, 6

articles[22–25,34,35] initially met the criteria. However, the research
of But et al,[35] drawing the same conclusion with our study, was
dedicated to urinary incontinence including stress, urgency, and
mixed incontinence and did not speci!cally refer to stress
incontinence. Tsai et al[34] assessed mainly 2 questionnaires
including the Urge-Urinary Distress Inventory and the Overactive
Bladder Questionnaire, making it dif!cult to analyze with other
studies. Thus, these 2 articles were eventually excluded.
The limitations of the present study are listed as follows. First,

its small sample size and insuf!cient statistical power. Second, the
stimulation parameters and duration of the studies were not
consistent, which makes us doubt whether meta-analysis can be
carried out. However, the results based on RCTs were excellent
despite inconsistent variables. Third, when analyzing on the data
of Pad test, a hug heterogeneity that most likely caused by
incomplete experimental design was recorded if we added the
study byManganotti et al[24] to the analysis. Thus, this study data
was !nally excluded by performing sensitivity analysis. Further
well-designed RCTs for a long-term follow-up with a large
sample size are needed.

5. Conclusion

In the short term,MS signi!cantly improved the symptoms of SUI,
reduced the number of leaks/3days and the daily loss of urine, with
lower ICIQ scores and improved QoL scores. Although the
bene!cial effects of MS are temporary and not an alternative to
surgical treatment, it can be considered as a conservative and
noninvasive treatment approach in the management of SUI in
patients either ineligible for or unwilling to undergo surgery.

Author contributions

Each author contributed to the Manuscript has been changed as
follows:
Data Collection, Data analysis and Data curation: Liao Peng,

Xiao Zeng.
Protocol/project development and Project administration: Liao

Peng, De-yi Luo
Resources: De-yi Luo.
Supervision and Formal analysis: Hong Shen, De-yi Luo.
Validation and Conceptualization: Hong Shen.
Visualization: Hong Shen, De-yi Luo.
Writing – original draft and software: Liao Peng, Xiao Zeng.
Writing – review & editing: Liao Peng, De-yi Luo.

References
[1] Haylen BT, de Ridder D, Freeman RM, et al. An International

Urogynecological Association (IUGA)/International Continence Society
(ICS) joint report on the terminology for female pelvic "oor dysfunction.
Int Urogynecol J 2010;21:5–26.

[2] Anger JT, Saigal CS, Madison R, et al. Increasing costs of urinary
incontinence among female medicare bene!ciaries. J Urol 2006;176:
247–51.

[3] Abrams P, Smith AP, Cotterill N. The impact of urinary incontinence on
health-related quality of life (HRQoL) in a real-world population of
women aged 45-60 years: results from a survey in France, Germany, the
UK and the USA. BJU Int 2015;115:143–52.

[4] Lim R, Liong ML, Leong WS, et al. Effect of stress urinary incontinence
on the sexual function of couples and the quality of life of patients. J Urol
2016;196:153–8.

[5] Gormley EA, Lightner DJ, Burgio KL, et al. Diagnosis and treatment of
overactive bladder (non-neurogenic) in adults: AUA/SUFU guideline.
J Urol 2012;188(6 suppl):2455–63.

[6] Ogah J, Cody JD, Rogerson L. Minimally invasive synthetic suburethral
sling operations for stress urinary incontinence in women. Cochrane
Database Syst Rev 2009;Cd006375.

[7] Novara G, Ficarra V, Boscolo-Berto R, et al. Tension-free midurethral
slings in the treatment of female stress urinary incontinence: a systematic
review andmeta-analysis of randomized controlled trials of effectiveness.
Eur Urol 2007;52:663–78.

[8] Yokoyama T, Nishiguchi J, Watanabe T, et al. Comparative study of
effects of extracorporeal magnetic innervation versus electrical stimula-
tion for urinary incontinence after radical prostatectomy. Urology
2004;63:264–7.

[9] Correia GN, Pereira VS, Hirakawa HS, et al. Effects of surface and
intravaginal electrical stimulation in the treatment of women with stress
urinary incontinence: randomized controlled trial. Eur J Obstet Gynecol
Reprod Biol 2014;173:113–8.

[10] Wang S, Lv J, Feng X, et al. Ef!cacy of electrical pudendal nerve
stimulation in treating female stress incontinence. Urology 2016;91:
64–9.

[11] Barker AT, Freeston IL, Jalinous R, et al. Magnetic stimulation of the
human brain and peripheral nervous system: an introduction and the
results of an initial clinical evaluation. Neurosurgery 1987;20:100–9.

[12] Sheriff MK, Shah PJ, Fowler C, et al. Neuromodulation of detrusor
hyper-re"exia by functional magnetic stimulation of the sacral roots. Br J
Urol 1996;78:39–46.

[13] Galloway NT, El-Galley RE, Sand PK, et al. Update on extracorporeal
magnetic innervation (EXMI) therapy for stress urinary incontinence.
Urology 2000;56(6 suppl 1):82–6.

Peng et al. Medicine (2019) 98:19 www.md-journal.com

5



[14] Lo TS, Tseng LH, Lin YH, et al. Effect of extracorporeal magnetic energy
stimulation on bothersome lower urinary tract symptoms and quality of
life in female patients with stress urinary incontinence and overactive
bladder. J Obstet Gynaecol Res 2013;39:1526–32.

[15] Sundin T, Carlsson CA, Kock NG. Detrusor inhibition induced from
mechanical stimulation of the anal region and from electrical stimulation
of pudendal nerve afferents. An experimental study in cats. Invest Urol
1974;11:374–8.

[16] Min J, Li B, Liu C, et al. Therapeutic effect and mechanism of electrical
stimulation in female stress urinary incontinence. Urology 2017;104:45–
51.

[17] Voorham-van der Zalm PJ, Pelger RC, Stiggelbout AM, et al. Effects of
magnetic stimulation in the treatment of pelvic "oor dysfunction. BJU Int
2006;97:1035–8.

[18] Groenendijk PM, Halilovic M, Chandi DD, et al. Extracorporeal
magnetic innervation therapy: assessment of clinical ef!cacy in relation
to urodynamic parameters. Scand J Urol Nephrol 2008;42:433–6.

[19] Ismail SI, Forward G, Bastin L, et al. Extracorporeal magnetic energy
stimulation of pelvic "oor muscles for urodynamic stress incontinence of
urine in women. J Obstet Gynaecol 2009;29:35–9.

[20] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews andmeta-analyses: the PRISMA statement. PLoSMed
2009;6:e1000097.

[21] Higgins JPT Ge. Cochrane hand book for systematic reviews of
interventions version5.1.0 [updated March2011]. The Cochrane
Collaboration 2011.

[22] Yamanishi T, Suzuki T, Sato R, et al. Effects of magnetic stimulation on
urodynamic stress incontinence refractory to pelvic "oor muscle training
in a randomized sham-controlled study. Lower Urin Tract Symptoms
2017;11:61–5.

[23] Fujishiro T, Enomoto H, Ugawa Y, et al. Magnetic stimulation of the
sacral roots for the treatment of stress incontinence: an investigational
study and placebo controlled trial. J Urol 2000;164:1277–9.

[24] Manganotti P, Zaina F, Vedovi E, et al. Repetitive magnetic stimulation
of the sacral roots for the treatment of stress incontinence: a brief report.
Eura Medicophys 2007;43:339–44.

[25] LimR, LiongML, LeongWS, et al. Pulsed magnetic stimulation for stress
urinary incontinence: 1-year followup results. J Urol 2017;197:1302–8.

[26] Yamanishi T, Yasuda K, Sakakibara R, et al. Induction of urethral
closure and inhibition of bladder contraction by continuous magnetic
stimulation. Neurourol Urodyn 1999;18:505–10.

[27] Rakovec S, Plevnik S, Kralj B. The mechanisms of the action of electrical
stimulation of muscles. Urol Int 1977;32:232–7.

[28] Yokoyama T, Fujita O, Nishiguchi J, et al. Extracorporeal magnetic
innervation treatment for urinary incontinence. Int J Urol 2004;11:602–6.

[29] Doganay M, Kilic S, Yilmaz N. Long-term effects of extracorporeal
magnetic innervations in the treatment of women with urinary
incontinence: results of 3-year follow-up. Arch Gynecol Obstet
2010;282:49–53.

[30] Hoscan MB, Dilmen C, Perk H, et al. Extracorporeal magnetic
innervation for the treatment of stress urinary incontinence: results of
two-year follow-up. Urol Int 2008;81:167–72.

[31] Unsal A, Saglam R, Cimentepe E. Extracorporeal magnetic stimulation
for the treatment of stress and urge incontinence in women—results of 1-
year follow-up. Scand J Urol Nephrol 2003;37:424–8.

[32] Balzarro M, Rubilotta E, Goss C, et al. Counseling in urogynecology: a
dif!cult task, or simply good surgeon-patient communication? Int
Urogynecol J 2018;29:943–8.

[33] Cormio L, Mancini V, Liuzzi G, et al. Surgical management of female
pelvic organ prolapse with and without urinary incontinence: a single
center experience. Medicine 2017;96:e7914.

[34] Tsai PY, Wang CP, Hsieh CY, et al. Long-term sacral magnetic
stimulation for refractory stress urinary incontinence. Arch Phys Med
Rehabil 2014;95:2231–8.

[35] But I. Conservative treatment of female urinary incontinence with
functional magnetic stimulation. Urology 2003;61:558–61.

Peng et al. Medicine (2019) 98:19 Medicine

6


