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Objectives: To evaluate the efficacy and safety of magnetic stimulation for the treatment of
urinary incontinence in women with overactive bladder.
Methods: A total of 151 women with urgency incontinence were randomized to the active
stimulation group or the sham stimulation group in a 2:1 order. An armchair type magnetic
stimulator was used for 25-min magnetic stimulation twice a week, with the maximum mag-
netic flux density of 560 mT peak at 10 Hz. The sham device was set to deliver in a 5-s “on”-5-s
“off” pulsing manner with the maximum intensity of 20.4% of active stimulation at 1 Hz. The
study consisted of a baseline period for 1 week, and a treatment period for 6 weeks. The
primary end-point was the number of leaks/week from the bladder diary. The secondary
end-points were the number of voids and urgency/24 h, mean and maximum voided volume,
and the quality of life assessment.
Results: Changes from baseline in the active and sham group, respectively, were
!13.08 ± 11.00 and !8.68 ± 13.49 in leaks/week (P = 0.038), !2.65 ± 2.52 and !1.53 ± 2.39
in number of urgency/24 h (P = 0.011), and 14.03 ± 34.53 mL and !4.15 ± 40.60 mL in mean
voided volume (P = 0.0056). As for safety, except for diarrhea and constipation, no patients
experienced any device-related adverse event.
Conclusions: Magnetic stimulation is effective for the treatment of urgency incontinence
in female patients with overactive bladder.
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Introduction
OAB is a symptom syndrome, with urinary urgency as the cornerstone symptom.1 Urinary
storage symptoms caused by OAB greatly affect the QOL of people. The prevalence of OAB in
Japan was reported to be 12.4%, or 8.1 million people, aged "40 years in a nationwide study.2

For the treatment of OAB, antimuscarinic agents have long been the drug class of choice;
however, they can have unpleasant side-effects, such as dry mouth, constipation, headache,
blurred vision and tachycardia, and the drugs can also be refractory in some patients with OAB
symptoms.3 Electrical stimulation has been reported to be effective for urgency incontinence, but
it has not been popularized, partly because of pain or discomfort with the insertion of the
electrode.4,5

Functional magnetic stimulation, developed as an alternative to electrical stimulation, has
been used as a safe and non-invasive intervention for urgency incontinence.6–11 A greater inhi-
bition of detrusor overactivity has been reported in magnetic stimulation than in electrical
stimulation in a urodynamic study.12

There have been few randomized controlled studies with a small number of patients to verify
the efficacy of magnetic stimulation for the treatment of OAB.9,13 In our previous preliminary
study, the effectiveness of magnetic stimulation therapy was evaluated in a randomized, cross-
over trial comparing the active stimulation and the sham stimulation in a small group of patients
(16 males and 23 females).13 The number of leaks/week in the bladder diary, the total score
of International Consultation on Incontinence-Questionnaire: Short Form and maximum
cystometric capacity by urodynamic study were significantly improved as compared with the
initial levels in the active stimulation group, but not in the sham stimulation group. These results
suggested that active stimulation was more effective than the sham stimulation, although the
study was a cross-over test with a limited number of participants.
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Preceding studies had confirmed that this device did not exert
any adverse effect on the uterus, the ovaries, estrous cycle,
hormonal secretion, blood cell counts or daily behavior in
female rats.14 Thus, the present study included only female
patients with urgency incontinence.

We aimed at verifying the efficacy and safety of high-
frequency continuous magnetic stimulator (SMN-X; Nihon
Kohden Corporation, Tokyo, Japan) in comparison with sham
stimulation with changes from baseline in the number of urinary
incontinence episodes as the primary end-point in female
patients with OAB associated with urinary incontinence.

Methods
Patients

In the present study, female OAB patients with urgency incon-
tinence underwent magnetic stimulation therapy from January
2009 to July 2010. This study included patients who satisfied
the following criteria: incontinence continuing during drug
treatment of urinary incontinence for 12 weeks or longer; intol-
erance to drugs because of such reasons as adverse reactions,
contraindications and patient’s request; and the mean daily
number of urinary incontinence episodes "1, the mean daily
voiding frequency of "8 times and the mean daily number of
urgency episodes "1, as recorded in the bladder diary. The
number of urinary incontinence episodes, voiding frequency
and number of urgency episodes were recorded for 7 days
before a hospital visit during the baseline period. The daily
voided volume was measured for 3 days before a hospital visit.

Exclusion criteria included stress dominant mixed urinary
incontinence; interstitial cystitis; overflow incontinence; extra-
urethral incontinence; patients with indwelling catheter; those
who had undergone electric stimulation therapy within 4 weeks
before the baseline period; those who were equipped with a
cardiac pacemaker, implantable cardiac defibrillator, coronary
artery stent, electronic device or metallic implant applied to
areas between the lumbar region and lower extremities; ongoing
surgical treatment or treatment with implantable devices for
urinary incontinence; use of intrauterine copper devices; preg-
nant women or women who might be pregnant; ongoing treat-
ment for arrhythmia; lower abdominal pain or dysmenorrhea
yet to be diagnosed; concomitant malignancy; residual urine
volume of "200 mL; and polyuria as evident by the daily voided
volume of >3000 mL. Urinalysis was tested, and if an infection
was detected, it was treated with antibiotics.

Concomitant drugs and therapies

It was prohibited to start new treatment with anticholinergic
drugs, estrogen preparations, and #1-blockers or to change the
dosage and administration of these drugs during the baseline,
treatment and follow-up periods. It was also prohibited to start
new non-drug therapies for the target condition (e.g. pelvic
floor muscle training, bladder training, interference low-
frequency therapy and electric stimulation therapy), or to con-
comitantly use electric stimulation therapy.

Randomization

This was a multicenter (13 institutions) randomized single-
blind comparative study. Patients were randomized at the reg-

istration center to the active stimulation group (test device
group) or the sham stimulation group (control device group) in
a 2:1 order by dynamic allocation based on factors including
age, the number of urinary incontinence episodes at baseline,
previous treatment and study centers.

This was a confirmatory study organized by Nihon Kohden
Corporation. Nihon Kohden Corporation carried out this study
in conformity with the Good Clinical Practice of medical
devices after submission of the Investigational New Medical
Device application (Identification No. NK08002 dated 24
October 2008) to the Pharmaceuticals and Medical Devices
Agency. The institutional review board of each institution
approved the study protocol. Patients were informed of the
purpose of the study, and they gave their written informed
consent.

Magnetic stimulator

The device used was a high-frequency continuous magnetic
stimulator (SMN-X; Nihon Kohden Corporation). To apply
active stimulation, the device was set to generate its maximum
stimuli at the maximum magnetic flux density of 560 mT peak,
with a stimulation pulse width of 300 $s and a stimulation
repetition cycle of 10 Hz. When setting the device at each
treatment session, patients were interviewed so that they
received stimuli at the maximum stimulation intensity
(maximum tolerable stimulation intensity).

The sham stimulation was set to generate its maximum stimuli
at the maximum magnetic flux density of 114 mT peak (20.4% to
that of active stimulation) with pulse width (biphasic 1 cycle) of
300 $s and a stimulation repetition cycle of 1 Hz, in a 5-s “on”
5-s “off” pulsing manner. The initial stimulation intensity was
gradually increased, and was set at 65% of the maximum stimuli
in the sham stimulation. The optimum active stimulation was
applied at the maximum stimulation intensity (maximum toler-
able stimulation intensity). The maximum intensity of sham
stimulation was set at a lower level compared with active stimu-
lation, so that no stimulation effect would occur. If sham stimu-
lation was applied at the maximum stimulation intensity, it
would easily reach 100% of the intensity, and the patient would
certainly know that she received sham stimulation, making it
impossible to maintain the blindness of the study. In order to
avoid such instance, the investigator did not check patient’s
sensation of stimulation, and a computer program was used to
automatically increase the stimulation intensity. The intensity
was automatically increased by 4% at the second and subsequent
sessions to reach 100% of the maximum stimuli (114 mT peak)
at the 11th and 12th stimulation.

Application procedures and noises differed between active
and sham stimulations. Doctors and other relevant healthcare
professionals were therefore informed of the results of treat-
ment allocation. For the blindness of the study, the patient was
kept in a place where she heard no noise, so that she did not
notice differences in stimulation noises.

Number of stimulus applications and
efficacy evaluation

The study period consisted of the baseline period for 1 week,
and treatment period for 6 weeks.
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Stimulation was applied for 25 min at each session, and this
session was repeated twice a week.

End-points

The primary end-point was changes in the number of urinary
incontinence episodes per week as recorded in the bladder
diary. Secondary end-points were changes in the mean number
of voids per 24 h, urgency episodes per 24 h, mean voided
volume per micturition (mL) and maximum voided volume per
micturition (mL) in the bladder diary. OABSS proposed by
Homma et al.,15,16 and IPSS QOL index, were also evaluated.

Safety end-points were adverse events, physical findings
and postvoid residual urine volume. There was almost no
reported case of adverse events, including changes in postvoid
residual, in any of the previous studies regarding magnetic
stimulation.6–8,10 Because our treatment stimulates the pelvic
floor muscles, expected adverse events include numbness of
lower extremities, weakness, pain in pelvic floor muscles and
surrounding areas, and changes in and discomfort associated
with defecation.

Statistical analysis

The present study analyzed data from the “full analysis set,”
“per protocol set” and “safety analysis set.” The primary analy-
sis set was the per protocol set (Fig. 1).

Mean ± standard deviation was calculated for each of the
primary and secondary variables. The %2-test was used for the
analysis of categorical data including background factors of
patients and adverse event data. The Fisher’s exact test was used
for testing of all adverse events. For continuous data, such as
the number of urinary incontinence episodes, and frequency,

urgency and voided volume data, the t-test was used. The
Wilcoxon rank sum test was used to examine between-group
differences. The significance level was 0.05 (two-sided) in all
analyses, except for the analysis of data on the background
factors of patients, in which the significance level was 0.1
(two-sided). All statistical analyses were carried out at the sta-
tistical analysis center with the statistical software the SAS

System version 9 (SAS Institute, Cary, NC, USA).
The number of patients was calculated assuming the number

of leaks/week decreases at an average of seven times after 8
weeks of magnetic stimulation treatment, at the two-sided alpha
level of 5% and power of 90%, with standard deviations of 12
for both active treatment group and sham treatment group, and
with consideration for active : sham = 2:1 allocation.7 Further-
more, with the estimation of up to 10% rate of information loss,
the number of patients was determined as 100 for the active
group and 50 for the sham group.

Results
A total of 151 patients were enrolled. The safety analysis set
consisted of all 151 enrolled patients. The full analysis set
excluded five patients (active: 5; sham: 0) because of “no
bladder diary available” in three patients, and “ineligible
patients” in two patients. The per protocol set excluded three
patients (active: 2; sham: 1) because of “protocol violation,”
resulting in inclusion of 143 patients in this analytical set.
Therefore, the efficacy was analyzed in 94 and 49 patients in the
active and sham group, respectively, in which the number of
urinary incontinence episodes during the 12 stimulation ses-
sions was recorded, after exclusion of two ineligible patients,
three patients with no bladder diary data available and three
patients with protocol violations (Fig. 1). Nine patients in the
active group had neurological diseases (brain lesions 3, spinal
lesions 6), and seven patients in the sham group (brain lesions
3, spinal lesions 1, brain and spinal diseases 3). There were no
differences with regard to the background factors of patients
including neurogenic diseases in the analysis sets (Table 1).

In the bladder diary, the number of urinary incontinence
episodes per week (primary end-point) was significantly
reduced in the active group compared with the sham group
(P = 0.038), and the number of urgency episodes per 24 h sig-
nificantly decreased in the active group (P = 0.011; Table 2).
The mean voided volume per micturition significantly
increased in the active group compared with the sham group
(P = 0.0056).

Changes from baseline in the total OABSS were !3.5 ± 2.8
and !2.6 ± 2.5, in the active and the sham group, respectively,
showing a tendency of reduction in the active group than the
sham group (P = 0.057). Changes in the mean IPSS QOL score
were !2.1 ± 1.9 in the active group, and !1.4 ± 2.0 in the sham
group, showing significant QOL score reduction in the active
group (P = 0.035; Table 3).

Adverse events

Of 151 patients in the safety analysis set, 19 patients (16
patients (15.8%) in the active group and three patients (6.0%) in
the sham group) experienced adverse events (Table 4). There
was no significant difference in the incidence of adverse events

Active group
Sham group

No. patients enrolled 151

101
50

Active group
Sham group

Safety Analysis Seta  151

101
50

Active group
Sham group

Full Analysis Setb  146

96
50

Active group
Sham group

Per Protocol Setc  143

94
49

Active group
Sham group

Excluded from Full Analysis Set 5

5
0

Active group
Sham group

Excluded from Per Protocol Set 3

2
1

Fig. 1 Composition of the analysis sets. aSafety analysis set: All enrolled
patients after exclusion of patients not treated at all. bFull Analysis Set: Enrolled
patients who were treated 10 times or more and in whom the number of urinary
incontinence episodes was measured during the baseline period (at week 0 of
treatment) and at the 10th or last stimulation (or discontinuation). cPer protocol
set: Enrolled patients who were treated 12 times as specified and in whom the
number of urinary incontinence episodes was measured during the baseline
period (at week 0 of treatment) and at the 12th stimulation, with no protocol
violation.
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or adverse reactions between the active and sham groups
(P = 0.27 and P = 0.086, %2-test). Changes from baseline in the
mean postvoid residual urine volume were 1.87 ± 27.8 mL in
the active group, and !3.65 ± 31.75 mL in the sham group,
showing almost no changes in this parameter in either group
with no between-group difference (P = 0.28; Table 2).

Discussion
Magnetic stimulation has been considered to be a technique for
stimulating the nervous system non-invasively, and it has been
used for experimental and clinical testing on the central and
peripheral nervous systems. The mechanism of action of the
magnetic stimulation is considered to be the same as that of the

Table 1 Background factors of patients in per protocol set

Factor Group P-value†

Active Sham

No. patients 94 49
Age (years) 64.1 ± 13.9 67.2 ± 13.0 0.19
Height (cm) 152.15 ± 6.95 151.6 ± 6.08 0.64
Bodyweight (kg) 54.93 ± 9.04 55.04 ± 10.35 0.95
Underlying disease

Neurogenic 9 (9.6%) 7 (14.3%) 0.70
Non-neurogenic 85 (90.4%) 42 (85.7%)

Previous drug treatment
Yes 82 (87.2%) 40 (81.6%) 0.67
No 12 (12.8%) 9 (18.4%)

Concomitant drugs for urinary incontinence
Yes 48 (51.1%) 29 (59.2) 0.65
No 46 (48.9%) 20 (40.8%)

Complications
Yes 85 (90.4%) 44 (89.8%) 0.99
No 9 (9.6%) 5 (10.2%)

Past history‡
Yes 38 (40.4%) 20 (40.8%) 1.00
No 56 (59.6%) 29 (59.2%)

No. urinary incontinence episodes per week 23.31 ± 18.89 24.49 ± 19.51 0.72
No. voids per 24 h 10.98 ± 2.38 11.15 ± 2.90 0.70
No. urgency episodes per 24 h 5.29 ± 3.02 4.87 ± 2.63 0.41
Mean voided volume per micturition (mL) 150.18 ± 48.92 164.59 ± 58.11 0.12
Maximum voided volume per micturition (mL) 304.9 ± 123.6 336.1 ± 176.1 0.22
Postvoid residual urine volume (mL) 18.42 ± 25.00 19.78 ± 32.35 0.78

†Categorical data by %2-test, and continuous data by t-test. ‡Main past histories were cystitis in 19 (19.6%), urinary tract infection in 11 (11.3%), meatal stenosis in six
(6.2%), non-infectious cystitis in four (4.1%) and cataract in four (2.1%).

Table 2 Mean change from baseline to end of study in voiding diary parameters and postvoid residual urine volume

Parameter Active group Sham group P-value†

No. patients 94 49
No. urinary incontinence episodes per week !13.08 ± 11.00 !8.68 ± 13.49 0.038
No. of voids per 24 h !1.28 ± 2.03 !0.80 ± 1.72 0.16
No. urgency episodes per 24 h !2.65 ± 2.52 !1.53 ± 2.39 0.011
Mean voided volume per micturition (mL) 14.03 ± 34.53 !4.15 ± 40.60 0.0056
Maximum voided volume per micturition (mL) 15.5 ± 92.0 !18.6 ± 125.9 0.067
Postvoid residual urine volume (mL) 1.87 ± 27.80‡ !3.65 ± 31.75‡ 0.28

Changes in parameters: versus baseline. †t-test. Changes from baseline in the mean postvoid residual urine volume were analyzed in the safety analysis set, thus the
number of participants in the active and the sham group was 100 and 50, respectively. ‡Changes from baseline in the mean postvoid residual urine volume were
analyzed in the safety analysis set, thus the number of participants in the active and the sham group was 100 and 500, respectively.

Table 3 Mean change from baseline to end of study in OABSS and IPSS QOL

Parameter Active
group

Sham
group

P-value

No. patients 94 49
OABSS†

Daytime frequency score (0–5) !0.2 ± 0.5 !0.2 ± 0.4 0.77
Night-time frequency score (0–5) !0.3 ± 0.8 !0.1 ± 0.6 0.21
Urgency score (0–5) !1.4 ± 1.4 !1.0 ± 1.0 0.051
Urgency incontinence score (0–5) !1.5 ± 1.4 !1.3 ± 1.4 0.32
Total score (0–15) !3.5 ± 2.8 !2.6 ± 2.5 0.057

Changes in IPSS QOL score‡ !2.1 ± 1.9 !1.4 ± 2.0 0.035

Changes in parameters: versus baseline. †t-test. ‡Wilcoxon rank sum test.

T YAMANISHI ET AL.

398 © 2013 The Japanese Urological Association



electrical stimulation. The mechanism of the effects of electri-
cal stimulation on overactive bladder including urgency incon-
tinence has been considered to be the reflex inhibition of
detrusor contraction by the activation of afferent fibers within
the pudendal nerve by three actions; that is, the activation of
hypogastric nerve, the direct inhibition of the pelvic nerve
within the sacral cord and the supraspinal inhibition of the
detrusor reflex. Magnetic stimulation is useful for activating
deep proximal nerves that are difficult to activate with electrical
stimulation, and it can activate deep proximal nerves with little
pain. The electrical current produced by direct electrical stimu-
lation falls off as a function of the impedance of the tissue
between the stimulating electrodes and the neural tissue. Skin,
bone and subcutaneous tissue have high impedance. Hence, to
deliver sufficient electric current to neural tissue, it is necessary
to deliver much higher electric currents to the skin, thereby
activating pain receptors. A magnetic field, however, penetrates
all body tissues without alteration, falling off in magnitude only
as the inverse square of the distance. Furthermore, patients need
not undress, because the magnetic field passes through cloth-
ing. Thus, the magnetic stimulation has been considered to be
safe and effective for the treatment of female OAB.4,6

To our knowledge, the present study seems to be the first
randomized, sham-controlled study with a large number of
patients to verify the efficacy and safety of a magnetic stimu-
lation for the treatment of urgency incontinence. Patients were
dynamically randomized using the institution as a factor (age,
number of incontinence episodes and prior treatment) after
confirmation that they met the inclusion criteria based on the
bladder diary data during the baseline period. No other factors
were used for randomization.

Most of our patients included those who were not satisfied
with drug treatment or those who could not use drugs because
of side-effects. Patients with neurogenic bladder were not
excluded in the present protocol. The reason is that some occult
neurogenic lesions can be present in OAB patients, and it is
difficult to exclude these patients. Just nine patients in the active
group and seven patients in the sham group had neurogenic
diseases, and no differences were noted with regard to the
background factors of patients including neurogenic diseases.

Therefore, the results might not be affected by the presence of
neurogenic diseases.

The changes in the number of leaks/week in bladder diary, as
well as the changes in the voided volume and in the number of
urgency/24 h were all significantly reduced in the active group
compared with the sham group. In patients in the present study,
most (85.3%) of whom were refractory to anticholinergics,
further improvement by our magnetic stimulation was of clini-
cal significance, because such improvement was probably an
additive effect. Although IPSS QOL score showed significant
improvement, the total OABSS did not show significant
improvement in the active group compared with the sham group
(P = 0.057). The placebo effect or the effect of small intensity
of sham stimulation might have affected the results in the sub-
jective symptom scores in the sham stimulation group. Unlike a
drug study using a placebo, it is difficult to completely blind the
patient in order not to make her recognize the active device and
the sham device. In the present study, the sham device was set
to stimulate very weakly, and the sum of energy output of
6-week sham treatment was less than the energy output of one
25-min active-mode run, for the purpose of making the patient
perceive some stimulation.

It would be difficult to maintain the blindness of the study
without sham stimulation. We therefore determined sham con-
ditions where the stimulation noise would be present and the
patient would feel the sensation of stimulation without treat-
ment effect. We considered it impossible, however, to rule out
the possibility that there might be an effect (sham effect) result-
ing from minimal stimulation in addition to the placebo effect,
because the patient felt the sensation of stimulation even under
these conditions.

Healthcare professionals are able to differentiate sham stimu-
lation from active stimulation because of differences in the
sensation and noise of stimulation. It was therefore impossible
to completely blind this study, which was then single-blinded.
For blinding patients, the same one device was used to apply
both active and sham stimulations, so that patients did not
notice differences in device appearance. Based on different
stimulation noises due to differences in stimulation conditions
(stimulation frequency), the patient was kept in a place where

Table 4 Number of patients who experienced adverse events

Active group Sham group Total P-value†
n = 101 n = 50 n = 151

Diarrhea 5 (5.0%) 1 (2.0%) 6 (4.0%) 0.66
Flatulence 0 (0.0%) 1 (2.0%) 1 (0.7%) 0.33
Constipation 2 (2.0%) 1 (2.0%) 3 (2.0%) 1.00
Myalgia 3 (3.0%) 0 (0.0%) 3 (2.0%) 0.55
Muscular weakness 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00
Pain in extremity 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00
Limb discomfort 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00
Back pain 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00
Somnolence 3 (3.0%) 0 (0.0%) 3 (2.0%) 0.55
Headache 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00
Malaise 2 (2.0%) 0 (0.0%) 2 (1.3%) 1.00
Asthenia 1 (1.0%) 0 (0.0%) 1 (0.7%) 1.00

†Fisher’s exact test.
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she heard no noise, so that she did not notice differences in
stimulation noises for the blindness of this study. The effects of
the stimulation were determined objectively only, by bladder
diary and OABSS, and doctors could not influence the results.

Reported adverse events of anticholinergics were mainly dry
mouth (33.5%), constipation (7.1%), abdominal pain (5.9%),
dyspepsia (3.8%), headache (4.2%) and urinary retention
(0.4%).17 Except for constipation (2.0%), none of these adverse
events was reported in the present study.

As for the safety of our device, there was no case of device-
related death or serious adverse event. Diarrhea (active: 5%)
was the only device-related adverse event that occurred in 5%
or more of patients in either group. No device-related adverse
event occurred except for expected adverse events.

The aforementioned results could confirm the efficacy
and safety of the magnetic stimulator for female urinary
incontinence.

From the these results, magnetic stimulation seemed effec-
tive on urgency incontinence in comparison with sham stimu-
lation in female OAB patients.
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Hiromi Nakatsu, Asahi Hospital, Chiba; Osamu Nishizawa,
Shinshu University School of Medicine, Nagano; Hitoshi
Ooka, National Hospital Organization Kobe Medical
Center, Hyogo; Hiroshi Okada, Dokkyo Medical University,
Koshigaya Hospital, Saitama; Mineo Takei, Harasanshin
Hospital, Fukuoka; Akira Tujimura, Osaka University
Graduate School of Medicine, Osaka; Toyohiko Watanabe,
Okayama University Hospital, Okayama; Tomonori
Yamanishi, Dokkyo Medical University, Tochigi; Kosaku
Yasuda, Yasuda Urinary Organs Clinic, Saita; Osamu
Yokoyama, University of Fukui Hospital, Fukui, Japan.

T YAMANISHI ET AL.

400 © 2013 The Japanese Urological Association


